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ABSTRACT

Purpose: This study was conducted to establish age- and sex-specific reference standards for pterygoid hamulus (PH)
dimensions using cone-beam computed tomography (CBCT).

Materials and Methods: CBCT scans of 1,000 patients (493 males and 507 females) were retrospectively assessed in
coronal sections for length and width measurements of the PH by 3 investigators. The study data were divided into 3
age groups (group 1: <20 years, group 2: 20-50 years, group 3: >50 years). Length and width were compared using
one-way analysis of variance and the t-test for age and sex, respectively.

Results: The length of the PH on the right side significantly increased from group 1 (6.11 £ 1.47 mm), through group 2
(6.65=*1.67 mm) to group 3 (6.99+1.79 mm) and on the left side from group 2 (6.58 +1.63) to group 3 (6.98 +1.70).
The width of the PH significantly decreased from group 1 (1.81+0.39 mm) to group 2 (1.61+0.39 mm) on the right
side, and similarly from 1.87+0.36 mm to 1.67 £0.37 mm on the left side. PH length (7.18 £ 1.81 mm on the right side
and 7.10% 1.72 mm on the left side) and width (1.68 +0.38 mm on the right side and 1.74+0.36 mm on the left side)
were significantly greater in males than in females.

Conclusion: The length of the PH increased with age, whereas width first decreased and then increased. Length and
width measurements were significantly higher in males than in females. These findings will aid in the diagnosis of
untraceable pain in the oropharyngeal region related to altered PH morphology. (Imaging Sci Dent 2021; 51: 49-54)
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Introduction

The pterygoid hamulus (PH) is an extension at the inferior
end of the medial pterygoid plate of the sphenoid bone.
This hook-like process is of great importance for the func-
tioning of several muscles, and contributes to the separa-
tion of the oral cavity from the nasal cavity during sucking
and swallowing in the growth and development stages and
through adulthood. Therefore, the position and length of the
PH are important for these functions.'?

Even though the PH, because of its peculiar morphology,
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is a noteworthy feature of the skull base, it still remains a
relatively unexplored region on the anatomical map and
very few studies have been conducted on its morphology.
However, the PH is of interest to all disciplines that deal
with this region as it is closely related to the maxilla and
oropharynx.3

Proficiency regarding the morphology of this structure
is helpful for the interpretation of imaging and provides
valuable information for the differential diagnosis of pain
in the oral cavity and pharynx with no associated etiologi-
cal factors. Elongation of the PH is associated with a rare
syndrome (pterygoid hamulus syndrome), which shows vari-
ous and complex symptoms in the palatal and pharyngeal
regions and also causes pain and discomfort, especially
while swallowing.3 When positive findings are observed
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in the hamular area, this syndrome should be considered in
the differential diagnosis.

Therefore, this study was performed to establish refer-
ence standards for PH dimensions according to age and sex
using cone-beam computed tomography (CBCT) among
patients treated at a single institution in India.

Materials and Methods

The study was approved by the institutional review board
(approval no. EC-PG-01/0MR/2016). The CBCT scans of
1000 patients (493 males and 507 females), referred to the
Department of Oral Radiology were assessed retrospectively
from May 2017 to May 2019. The study data were divided
into 3 age groups (group 1: <20 years, group 2: 20-50
years, and group 3: > 50 years) to facilitate the detection of
differences in the dimensions of the PH according to age
group.

CBCT images covering the posterior maxillary region,
irrespective of the age and sex of patients, were included in
the study. CBCT images where borders of the PH were
not traceable clearly, images with streak artifacts that ob-
scured the region of interest, and images from patients with
a history of maxillofacial trauma involving PH fracture,
traumatic removal of maxillary third molars, pathology in
the posterior maxillary region, and bone disorders such as
osteoporosis or skeletal asymmetries were excluded from
the study. Out of 1426 scans obtained from the Department
of Radiology, 426 CBCT scans were excluded by applying
the above criteria.

All the CBCT scans retrieved from department’s archives
were obtained using KODAK imaging software version
9000C 3D (Carestream Health Inc, Rochester, NY, USA).
All images were taken following a standard protocol for

patient positioning and exposure parameter settings, opera-
ted at 80 kVp, 5 mA, the required field of view (FOV), a
voxel size of 200 um X 200 pm X 200 um, and an image ac-
quisition time of 10.8 s. The CBCT images were obtained
in the Digital Imaging and Communications in Medicine
(DICOM). Images were viewed on a HP Compaq LE 1911
with a 19-inch VGA LCD display (Hewlett Packard Com-
pany, Palo Alto, CA, USA) at a resolution of 1280 X 1024
pixels using the Kodak dental imaging software (ver.
6.12.10.0; Carestream Health Inc., Rochester, NY, USA).

The images were analyzed by 3 oral and maxillofacial
radiologists with at least 5 years of experience in evaluating
and reporting CBCT scans. Care was taken to ensure that
all the investigators were reasonably matched with regards
to their qualification and experience. Before commence-
ment of the study, discussions were held among the investi-
gators regarding how the measurements would be taken and
to make sure that the investigators were thoroughly aware
of the normal anatomy of the PH region. All images were
viewed in coronal sections in a dark and quiet room, with
no source of external light. The investigators were allowed
to adjust the brightness and contrast of the scans.

The length and width of the PH were measured in coronal
sections (Fig. 1A). The length was measured as the distance
from the junction of the medial pterygoid plate with the PH
to the tip of the PH (Fig. 1B). The greatest length between
the reference points was measured. The width was taken as
the distance between the most prominent points on the mesial
and lateral aspects of the PH, as was done by Oz et al. (Fig.
10).

Three measurements were made by each investigator and

the average value was considered. Each of the investigators
evaluated every CBCT scan independently on 3 different
occasions.

Fig. 1. A. The pterygoid hamulus is seen on a coronal cone-beam computed tomographic section (white arrow). B. The length of the pterygoid
hamulus is measured from the base of the medial pterygoid to the tip of pterygoid hamulus. C. The width of the pterygoid hamulus is mea-

sured at the most prominent part of the pterygoid hamulus on either side.



The data obtained were compiled in a spreadsheet in MS
Office Excel (v. 2010; Microsoft Corp., Redmond, WA,
USA). The data were subjected to statistical analysis using
IBM SPSS version 20.0 (IBM SPSS Statistics for Windows,
IBM Corp., Armonk, NY, USA) software. Descriptive sta-
tistics, such as patients’ age and sex, were recorded. One-
way analysis of variance (ANOVA) was used to determine
whether there were any statistically significant differences
among the mean values of the 3 independent groups, but
information about which specific groups showed statisti-
cally significant differences from each other could not be
deduced using this test. Therefore, to determine which spe-
cific groups differed significantly from each other, the post
hoc Tukey honest significant difference (HSD) test was
done. Length and width were compared across different age
groups using 1-way ANOVA. Post hoc test was done for
multiple comparisons among different age groups using the
Tukey HSD test. Length and width were compared accord-
ing to sex using the t-test. Inter-examiner reliability was
checked using 1-way ANOVA to determine whether any
statistically significant differences existed among the obser-
vations of all 3 investigators. The intra-class correlation co-
efficient (ICC) was also calculated to assess intra-examiner
reliability. For all the statistical tests, a P value <0.05 was
considered to indicate statistical significance. With 5% a
error and 20% [ error, the power of the study was 80%.

Results
In the present study, 1,000 CBCT scans from 493 male
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and 507 female patients were assessed. CBCT scans were
analyzed in coronal sections to measure the length and
width of the PH on the right and left sides. The age of the
patients ranged from 6 to 86 years, with a mean age of
43.5 1 18.3 (standard deviation) years.

Intra-investigator reliability, as measured using the ICC,
was significantly higher for investigator 2 for all the para-
meters than for investigator 1 and 3. A statistically signifi-
cant difference was seen in the ICC values for the right-
side length of the PH for investigator 1 and the left-side
length of the PH for investigator 3. Inter-investigator reli-
ability, as assessed using 1-way ANOVA, showed no sig-
nificant differences among the investigators in the mean
measurements of PH width on the right side and PH length
on both sides (P>0.05). The mean values of the measure-
ments made by investigators 1, 2, and 3 were used as the
final data for further analysis.

A highly significant relationship was observed between
age and PH length using one-way ANOVA. As age advan-
ced, the length of the PH increased (Table 1). This increase
in length was statistically significant for the right side
(6.11£1.47 mm in group 1, 6.65+t1.67 mm in group 2,
and 6.99+1.79 mm in group 3), and a steady increase in
PH length with age was also found on the left side. This
increase was significant from group 2 to group 3 and be-
tween group 1 and group 3 (Table 2).

The width of the PH first significantly decreased from
group 1 to group 2 (from 1.81£0.39 mm to 1.61 £0.39 mm
on the right side and from 1.87£0.36 mm to 1.67+0.37
mm on the left side), and then a non-significant increase

Table 1. Comparison of length and width of the pterygoid hamulus across different age groups using 1-way analysis of variance

Age groups (years) Number Dimension (mm) P value

<20 130 6.11+1.47

Length of pterygoid hamulus: right 20-50 475 6.65£1.67 000
>50 395 6.99+1.79
Total 1000 6.71+1.72
<20 130 6.24+1.48

Length of pterygoid hamulus: left 20-50 475 6.58%+1.63 000
>50 395 6.98+1.69
Total 1000 6.69+1.65
<20 130 1.81+0.39

Width of pterygoid hamulus: right 20-50 475 1.61+0.39 000
>50 395 1.66+0.39
Total 1000 1.65+0.40
<20 130 1.87+0.36

Width of pterygoid hamulus: left 20-50 475 1.67£0.37 000
>50 395 1.71+£0.38
Total 1000 1.72+0.37
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Table 2. Post hoc tests for multiple comparisons among age groups using the Tukey honest significant difference test

Dependent variable Age groups (I) Age groups (J) Mean difference (I-J) P value
1 2 -.53 004
Length of pterygoid hamulus: right 1 3 — 87 000
2 3 -.33 010
1 2 —.34 090
Length of pterygoid hamulus: left 1 3 — 74 000
2 3 — 40 001
1 2 20 000
Width of pterygoid hamulus: right 1 3 15 000
2 3 - .05 .109
1 2 20 000
Width of pterygoid hamulus: left 1 3 15 000
2 3 - .04 236
1: <20 years, 2: 20-50 years, 3: >50 years
Table 3. Comparison of the length and width of the pterygoid hamulus on both sides according to sex using the t-test
Sex Number Dimension (mm) P value
Length of pterygoid hamulus: right Male 493 7.18+181 <0.05
Female 507 6.26+1.48
Length of pterygoid hamulus: left Male 493 7.10£1.72 <0.05
Female 507 6.30+1.47
Width of pterygoid hamulus: right Male 493 1.68£0.38 0.093
Female 507 1.63+0.41
+
Width of pterygoid hamulus: left Male 493 1.74£0.36 0.072
Female 507 1.69+0.37

occurred from group 2 to group 3 (1.66+0.39 mm on the
right side and 1.71£0.38 mm on the left side) (Tables 1
and 2).

The length and width of the PH were compared according
to sex using the t-test. The length of the PH was statistical-
ly significantly longer in males than females on both sides.
In males, the length was 7.18 = 1.81 mm on the right side
and 7.10x1.72 mm on the left side, whereas in females, it
was 6.26 = 1.48 mm on the right side and 6.30 = 1.47 mm
on the left side. The width of the PH was greater in male
patients than in female patients. It was 1.68 =0.38 mm on
the right side and 1.74 £0.36 mm on the left side in males,
and 1.63+0.41 mm on the right side and 1.69 £0.37 mm
on the left side in females. However, the width of the PH
did not show a significant difference by sex (Table 3).

When comparing the length and width measurements of
PH on the right and left sides, the width of PH was signifi-

cantly higher on the left side in group 2. No significant dif-
ference was found for the length of the PH on both sides in
any age groups. The width of the PH was greater for both
males and females on the left side, but no such difference
was found for the length of the PH on both sides.

Discussion

The position and morphology of the PH, especially its
length, are of great importance for the functioning of muscles
that are located in the region. Alterations in the morphology
of the PH or associated structures can cause symptoms com-
mon to other diseases, such as pain when chewing or swal-
lowing; edema and erythema in the posterior region of the
palate; and ear pain, hearing loss, and autophony. These lesi-
ons can be misdiagnosed as temporomandibular disorders
or glossopharyngeal neuralgia.5



It is of the utmost importance for dentists to have a thor-
ough knowledge regarding the PH and its anatomical and
functional relationships with neighboring structures for the
accurate diagnosis, prevention, and management of diseases
in the oropharyngeal region. However, few studies have
been reported in the literature on PH morphology, and the
extant studies have been conducted in different populations
with varying results.

The present study was conducted to establish reference
standards for the dimensions of the PH in accordance with
age and sex in the Indian population, which may help in the
diagnosis of untraceable pain in the oropharyngeal region
related to altered PH morphology.

In our study, the length of the PH increased as age advan-
ced. The increase in PH length was significant between age
group 1 (<20 years) and group 3 (>50 years) on the right
side and between age group 2 (20-50 years) and age group
3 (>50 years) on the left side. Contrasting results have
been reported in the literature regarding age-related changes
in the length of the PH. The study of Putz and Kroyer' on a
German population reported that the PH increased in length
to the beginning of adulthood, and thereafter remained
unchanged throughout life. However, Krmpoti¢-Nemanic¢
et al.’ in Croatia and Orhan et al.” in Turkey reported that
older patients had shorter PHs than younger patients. Krm-
poti¢-Nemanic et al.’ found that children (0-9 years) had
the shortest PH length (3.6 mm), and that the PH length
then increased in adults (21-59 years) to 6.9 mm and finally
decreased significantly in the elderly group (60-100 years) to
5.0 mm. The researchers proposed that in adults, the factors
responsible for lengthening of the PH could be the attach-
ment of the buccopharyngeal raphe and its mechanical load-
ing during chewing and swallowing. In infants, the PH is
short, but then elongates to finally reach the upper part of
the buccopharyngea raphe, which is fixed to the buccinatoria
crista of the mandible. The loss of teeth and the resultant lack
of biomechanical loading on the PH lead to shortening of
the hamulus in old age.’ Similar to our findings, Komarnitki
et al.® found that the length of the PH increased with age.

The width of the PH in the present study significantly
decreased from group 1 to group 2 and then increased non-
significantly from group 2 to group 3 on both sides. Only
2 studies™ in the literature have evaluated the width of the
PH across different age groups. Romoozi et al.” divided the
study population into 3 age groups (15-29, 30-44, and 45-
59 years) and found that the average width of the PH on
both sides decreased with increasing age. Because there
was a substantial difference in the age distribution from
our study, a comparative evaluation could not be done.
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The width measurements across different age groups in the
present study are in contrast to the findings of Orhan et al z
They evaluated the width of the PH in 2 age groups (22-
55 years and older than 55 years) and found a statistically
non-significant difference between these age groups, with
PH width decreasing slightly from 1.85+0.88 mm in the
younger age group to 1.73+1.07 in the older age group.
This difference in the width of the PH across different age
groups could be attributed to the difference in the popula-
tion under investigation.

In the present study, the length of the PH was found to be
statistically significantly longer in males than in females.
The PH was also wider in males than in females, but the
findings for width were statistically non-significant. Similar
to our results, Romoozi et al.” also found that the average
length of the PH on both sides was significantly higher in
males (6.6 mm) than in females (6.4 mm). Orhan et al 2 did not
find any significant difference in PH dimensions according
to sex.

According to the study of Nerkar et al.® on an Indian
population, the mean length of the PH was significantly
higher in males (7.56 0.5 mm and 7.72+0.5 mm on the
right and left sides, respectively) than in females (6.62+0.3
mm and 6.78 0.3 mm on the right and left sides, respec-
tively). Their study did not find any significant differences
in width between males and females. Their findings for the
length and width of PH are similar to our findings. To the
best of our knowledge, theirs is the only other study that
has investigated this issue in an Indian population.

No significant difference was found according to age in
the length measurements between the right and left sides.
However, the width was significantly greater on the left
side in group 2. Likewise, the length of the PH showed no
significant difference between the right and left sides accor-
ding to sex. The width of the PH was greater on the left side
than on the right side in both sexes. There is no consensus
regarding the cause of the difference in width between the
left and the right PH, although it can be hypothesized that
the disturbances in the distribution of forces exerted by
stomatognathic muscles may contribute to changes in the
dimensions of the PH.

The findings regarding length in the present study are simi-
lar to those of earlier studies, and no study in the literature
has reported significant differences in the width measure-
ments between the left and right sides according to age or
sex.

From the clinical point of view, it is worth noting that
the PH, because of its tendon attachments and the “pulley”
it provides for the tensor veli palatini, is certainly a poten-
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tial source of irritation. A morphological abnormality of
the PH may provoke pain through mechanical irritation of
surrounding tissues, impaired contraction of the tensor veli
palatini muscle, or fibrosis or inflammation of the tensor
veli palatini bursa due to excessive pressure on the palatine
aponeurosis. In these processes, the greater palatine, lesser
palatine, facial, or glossopharyngeal nerves can be stimul-
ated, which may cause pain in various head and neck re-
gions.g'”

The main diagnostic dilemma regarding patients with
pterygoid hamulus syndrome is that it is not associated with
specific clinical symptoms.' The rarity of pterygoid hamu-
lus syndrome, in combination with the absence of specific
clinical symptoms, poses a significant diagnostic challenge.

Due to the potential complications caused by morphologi-
cal alterations of the PH, maxillofacial radiologists must
assess radiographs (particularly CBCT) with a focus on the
morphology of the PH, especially its length. The findings
of this study therefore indicate that anatomical variations in
the dimensions of the PH according to age and sex should
be considered for an accurate diagnosis of untraceable pain
in the oropharyngeal region. The signs and symptoms that
result from these changes may be difficult to diagnose if the
anatomy is not taken into consideration.

The principal limitation of this study is that it was con-
ducted among patients treated at a single institution. To
establish more definitive reference standards for PH dimen-
sions, research should be conducted at multiple centers with
a large study population.

This retrospective study did not allow follow-up to ascer-
tain or diagnose whether patients with an elongated PH pre-
sented with any symptoms or signs of pterygoid hamulus
syndrome. Prospective research could be conducted to
evaluate the possible association of pterygoid hamulus syn-
drome with variations in the dimensions of the PH.

In future studies, PH dimensions should be assessed in a
broader population, since establishing reference standards
for the dimensions of the PH according to age and sex para-
meters could provide a valuable tool for determination of
age in the forensic sciences. No studies in the literature have
utilized the dimensions of the PH for forensic age determi-

nation, which could be a promising topic for exploration in
future studies.
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