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ABSTARCT

The aim of this study is to accumulate sufficient morphological data about the. Pterygoid Hamulus (PH) using
multiplanar reconstracted (MPR) cone beam computed tomograpHy (CBCT) images to enable an experimental
interpretation to be provided. The CBCT scans of 136 (82 men and 54 women) patients ranging in age from 20-55 and
older than 55 years old were analyzed. The Width, length and angle were measured. In addition, the inclinations of PHs
also evaluated in coronal and sagittal planes of the MPR images. Independent t-test, Pearson correlation and paired t-
test were performed for statistical analyzed. (p<0.05) The mean PH measurements of left, right and total sides were 7.55
(SD 2.17), (SD 2.08) And 7.48 (SD 2.06) - mm lengths, 1.48 (§D0.28), 1.43 (0.32) and 1.46 (SD 0.25) -mm widths, and the
inclinations were 58.980 (SD 8.799), 58.89 (SD 8.999) and 58.899 (SD 8.259) in the sagittal plane and 61.27° (SD 8.719),
60.07° (SD 8.84%) and 60.67° (SD 8.23%) in the coronol plane, respectively. The paired t-test showed no statistically
difference left and right sides measurements except for the inclination of PH in the left sides of coronal plane.(p=0.02).
All PHs were inclined toward the lateral and posterior in the coronal and sagittal planes respectively. Assessment of PH
morphology in the CBCT images, help to trace and manage of vague and undiagnosed symptoms related to PH
morphology and elongation in the oral cavity but considering bilaterally elongated PH as etiologic factor for PH
syndrome should be cautiously.
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INTRODUCTION

The pterygoid hamulus (PH), a structure on the under surface of the skull base which has so far hardly
been described, is in peculiar situation biomechanically [1].

The position, length, and inclination of the PH are of great importance for the function of several muscles:
tensor veli palatini, palatopHaryngeus, and upper part of the upper pharyngeal constrictor, pars
pterygopHaryngea. These muscles contribute to the separation of the oral from the nasal cavity during
sucking and swallowing. This separation is accomplished by the elevation of the soft palate because of
the constriction of levator veli palatini and tubar part of muscle tensor veli palatini,contraction of the pars
pterygopHaryngea of the upper pharyngeal constrictor, and stretching of the palatal aponeurosis by the
tensor veli palatine. The position, length of PHs are important for these functions, especially in relation to
width of the hard palate [2].

According to several studies conducted on the position and morphology of PH in different populations, ,
the length of the PH was found to be within the range of 4.9 to 7.2 mm [1-6]. Putz and Kroyerlalso
reported the sagittal and transverse diameter of pH as 1.4 mm and 2.3 mm, respectively, whereas Sasaki
et al [6] also reported an elongated PH of 13 mm. Orhan et al 5found the mean PH measurements of left
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and right sides 1.72 and 1.87mm width, and the lengths were 5.48 and 5.40 mm, respectively. Moreover,
all studies reported that the positions of PHs are inclined laterally in the coronal plane [1,2,5].

Pain in the region of the soft palate and pharynx is a diagnostic dilemma. There are a number of
publications, limited to case reports that have made reference to etiological causes of this clinical problem
[6]. Any of the following factors may be responsible: bursitis or an osteophyte in the tensor veli palatini,
elongation of the PH, consistent repetition of minimal trauma to the overlying soft tissue and pH, hyper
awareness of the pH, muscular discoordination, or fracture of the PH after extensive and repeated
manipulation [4]. Hjgrting- Hansen and Lous [7] were the first to coin the term pterygoid hamulus
syndrome which described pain in the palate and pharyngeal area as a result of an abnormal growth of a
pterygoid hamulus.

Common symptoms include sharp or burning pain in the palatal and pharyngeal region that may remain
localized or refer to the ipsilateral ear or temporomandibular joint. This may occur spontaneously or
elicited by touch or eating and drinking [8]. Thus, knowledge about the morphology of these structures is
helpful for the interpretation of imaging and provides valuable information in the differential diagnosis of
untraceable pains in the oral cavity and pharynx.

The detection of this area can be achieved by radiography (cephalometric radiography, submentovertex,
Waters view, and so forth); however, identification of these structures by conventional radiography is
exceedingly difficult because of superimposition and distortion. Three-dimensional computed
tomography (CT) by avoiding of this problems permits evaluation of the craniofacial structures from
unobstructed perspectives and with less distortion than plane film views [9]. Unfortunately, this
technique suffers from relatively high cost and high radiation dose [10]. In the past decade, CBCT devices
have been developed for head and neck imaging. The characteristics of these dedicated maxillofacial
devices, including reduced cost and dose, are well suited for imaging the craniofacial area [11]. Despite
various studies that were conducted on shape, length, and position of the PH, the anatomical relations of
pH and the surrounding structures are rarely investigated [1-4]. This study took advantage of MPRCBCT
images for evaluating of PH.

MATERIAL AND METHODS

In this descriptive -analytic study left and right sides of the CBCT scans of 136(82 men and 54 women)
pationts ranging in age from 20-55 and elderly (55<) were analysed. The study’s protocol was carried out
according to the principles described in the Declaration of Helsinki, including all amendments and
revisions.CBCT images were recommended for various purposes such as paranasal sinus examinations,
preimplant and orthodontic purposes.Iranian patients older than 20 years old were included in the study
with no preference in regared to gender. Inaddition, only high-quality CBCT imageswere evaluated .

CBCT scans werecaptured by SCNORA 3D-SOREDEX-TUUSULA-FINLANDCBCTusing flat panel CMOS
providing high resolution images with 0.25 mm voxel size.Mesurring on MPR images were performed
using ON DEMAND 3D version 1 software. Measurements accurate were about 0.01 mm. The slice
thickness was 0.2 mm.

After standard positioning and obtaining image, if the head position was not desirable on the display
monitor, it was adjusted by using Axis Relics software. All measurements were obtained by Putz and
Kroyer’s proposed method .Following same way in measuring help to researchers to compare findings of
different studies easily. Figure (1) shows Puts and Kroyer’'smethod schematically [1].

To standardize the measurements, reference points were chosen. The length measurements were taken
from the junction of medial pterygoid plate and PH through the tip. First a line was drawn from the
junction of medial pterygoid plate and pH parallel to the horizontal plane. Following the identification of
the midpoint of this line, the length was measured starting from this point to the tip of the pH (Fig 2, a).
The width of the pH was measured as the distance between the mostprominence points of the PH in the
coronal plane (Fig 2,b). In addition, the inclinations of PHs were evaluated in sagittal and coronal planes
of the MPR images. The average degrees of inclinations in the sagittal and coronal planes were also
calculated by means of the software (Fig 3). The inclination of pH in the sagittal plane and coronal plane
were classified visually to anterior or posterior and medial or lateral respective. All measurements were
done by a resident of radiology under supervision of an oral and maxillofacial radiologist and an
anatomist. These measurements were noted for analyses. Some of measurements were done again after 2
weeks. Patients with pH length more than10mm were asked about painful and burning sensations in the
soft palate and pharynx .The posterior part of tuberosity was examined by palpati onto assess swelling
and pain.

The data files entered into SPSS software program. Statistical analyses were carried out using
independent t-test, Pearson correlation and Paired t-test for showing relation between the quantitative
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measures with sex, age and two sides. Pearson correlation between two times measurement show r=
0.94. (p<0.001)

Fig.1.a,b,c, Linear dimensions of PH, L(length) and W(width) a,Inclination of PH in sagittal plane b,
Inclination of PH in coronal plane c.

Fig. 2.a,b, MPR CBCT images show measuring a, length and b, width of PH in the coronal plane

a b
Fig.3.a,b, MPR CBCT images show angulation measurement of PH a, in the sagittal plane b, in the coronal
plane.

RESULTS
A total of 272 left and right sides of MPR CBCT images of 136 subjects(82 men and 44 women) ranging in
20-82 years(mean:50.2F 13.1)were investigated .The findings are presented in Tablel. The mean
measurements of PH in the left, right and total sides were
7.55+2.17 ,7.42 F 2.08 and 7.48+2.06 — mm [engths,1.48

F0.28,1.43 ¥ 0.32 and 1.46 F 0.25 — mm width, respectively. The average inclination of left, right and
total sides were
58.98° F8.79°, 58.8° F8.99° and 58.89° T 8.25° in the sagital plane and 61,27 F 8.71°60.07° $8.84"° and
60.67° + 8.23% inthe coronal plane, respectivly.
Paired t — test revealed no statistically significant differences between left and right measurements
except for the mean of inclination in coronal plane on the left side that were more than right
side(p=0.02).Independent t-test showed no statistically significant differences in the measurements
obtained from female and male, for inclination of PH in the left and right sides and width, in the coronal
plane. But the rest of measurements in the male were more than female. In addition, the Independent t-
test showed no statistically significant differences between 20-55 and older than 55 years except for the
width of PHs in the coronal plane in 20-55 years old were less than the old. In the coronal and sagittal
plane, it was found that all PHs were inclined lateral and posterior sides respectively.
Pearson correlation revealed some relationship between the measurements that presented in Table II. It
also disclosed that there is statistically significant relationship between the length of PH with the
inclination of PH in sagittal plane, coronal plane and width of PHs in coronal plane(p<0.001,p<0.031dnd
p=0.019, respectively )
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Table 1. Mean measurements with standard deviations(SD) of Hamulus Pterygoid( PH ),
width(W),length(L)and inclination(I) on sagittal(S) and coronal(C) planes in femal and male ranging in
age 20-55 and 55<

Left PH measurements( Mean# SD) Right Measurements (Mean# SD)
IS Ic LC wc IS IC LC wc
Female 56.16+8.61  60.22+ 7.06+1.85 1.47+0.25 55.33+7.85 59.34+845 6.86+1.71 1.39+ 0.32
male 60.82+ 8.46 gfgét 7.87+2.31 1.54+0.28 61.09+ 9.0 60.55+9.11 7.79+2.23 1.46+0.31
Total 58.97 +£8.79 2.11.%71 7.55+2.17 1.48+0.28 58.80+899  60.07+8.84 7.42+2.08 1.43+0.32
20-55 57.97+8.68 563.(;1}91 7.44+ 214  1.47+0.24 59.27+9.09  59.42+857 7.27+2.11 1.37+0.29
<55 60.45+ 8.83 2;.211 7.71+£2.21 150032 59.59+8.86 61.02+9.22 7.64+ 2.04 1.52+ 0.34
Total 58.97+8.79 2.19.;71 7.55+2.17 1.48+0.28 58.80+899 60.07+£8.84 7.42+2.08 1.43+0.32
8.71

Table II: The Pearson correlation(r) and P-value with Hamulus Pterygoid (PH) parameters
Width of PH  Length of PH  Inclination of inclination of

in coronal in coronal PH in coronal PH
plane plane plane in sagittal
plane
Inclination of PH in r 0.297 0.407 _0.131 1
sagittal plane P-value 0.001 0.000 0.128 -
Inclination of PH in r 0.074 0.186 1 _0.131
coronal plane P-value 0.390 0.031 - 0.128
Lengthof PH in coronal r 0.200 1 0.186 0.407
plane
DISCUSSION

The Pterygoid Hamulus (PH) is a hook shaped bone projecting downward dorsolaterally from the medial
pterygoid plate [4]. Although the PH is, because of its bizarre shape, a striking feature of the skull base,it is
still an unexplored region on the anatomical map. However, its close topograpHic relationship to the
distal end of the upper dental arch renders it of interests to all disciplines that are involved with this
region [1].

Putz and kroyer (1) investigated on PH areas for attachment of muscle tensor veli palatine,
muscleconstrictor pharynges, pars pterygop Haryngis and buccopHaryngea,RapHe pterygomandibularis,
musclebuccinator and muscle pterygoideus medialis [1].

Muscles tensorveli palatini originates from the spina ossissphenoidalis, medial to the oval foramen
andforamen spinae, and from the fossa scaphoidea and lateral wall of the pharyngeal tube. Running
downwards, it uses the sulcus hamuli pterygoidei asa hypomochlion to change the direction and continue
as a flat tendon to form most of the palatal aponeurosis. A synovial bursa within the sulcus hamuli is
responsible for the gliding of the tendon. The contraction of the muscle produces the tension and
elevation of the soft palate. The part of the muscle originating from the tuber wall is fixed to the hamulus
and functions as muscle dilatators of the pharyngeal tube [2].

The medial lamina of the pterygoid process, the hamulus, the buccopharyngeal raphe and mandibular
insert one of the raphe displayed a solid framework for the insertion of the muscles constricting and
lifting the pharyngeal tube.Only when the hamulus reaches a certain length and it is firmly fixed to the
crista buccinatoria of the mandible by means of the raphe buccopharyngeal, the muscles
cephalopharyngeus can fulfit its task-full separation, together with muscles tensor veli palatine of the oral
from the nasal cavity. The inclination of the hamuli and the difference between the width of the hard
palate and the distance between the tips of hamuli is responsible for better tention of the palatal
aponeurosis. If the hamulus remains short as in the newborns, the muscles cephalopharyngeus does not
have a firm support and its contraction will lead to uncontrolled narrowing of the upper pharynx and thus
cause problems, like snoring or sleep apnea [2]. Besides, the elongated PH can also be the reason for pain
and discomfort in the soft palate and pharynx [6]. Such cases have been previously reported. Gores [2]
was the first to report the presence of pain caused by a long PH.

Previously, several etiologic factors stated bursitis of TV or an osteophyte [4, 14-16] elongation of PH [4-
6] or consistent minimal trauma to the overlying structurel’thtrauma from swallowing a large bolus of
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food or from an overextended denture, anesthesia intubations, trauma during tooth brushing, bulimic
patients, and “fellatio” in child abuse seem to be other causes of this syndrome.®8 In Orhan® reported
case, third molar extraction was etiologic factor. The differential diagnosis should include tumors, cysts,
infections, foreign bodies, elongated styloid syndrome, third molar eruption, TM] diseases, muscular
dysfunction and also elongated PH.+6.18

When the pterygoid hamulus be responsible for atypical pain. Common symptoms include sharp or
burning pain in the palatal and pharyngeal region that may remain localized or refer to the ipsilaleral ear
or temporomandibular joint. This may occur spontaneously or elicited by touch or eating and drinking
[8]. Firm swelling and erythema of the palatal mucosa over the hamulus are also common signs [6, 14,
18]. Shankland [19] suggests that diagnostic testing with local anesthesia may be valuable if a local cause
has been identified.

Several studies describe the morphology of PH in different populations. Eyrich et al [4] found the mean
length of the left hamulus to be 5 mm and the right to be 4.9 mm. Putz and Kroyer [1] reported the
average length to be 7.2 mm and the sagittal and transverse diameter to be 1.4 mm and 2.3 mm,
respectively. Sasaki et al [6] reported an elongated PH case of 13 mm. Also they found the mean length of
PH to be 6.8 mm. Krmpotic’-Nemanic” et al. [2] conducted an extensive study on PH. They investigated the
PH among 3 age groups: children (0-9), adults (21-59), and elderly (60-100). They found that children
had the shortest PH length, on average 3.6 mm. The length increased in adults (6.9 mm) and then
decreased significantly again to 5.0 mm in the elderly group. They also found no statistical difference for
gender and for left and right sides. Recently Orhan et al. [5] showed the mean length of PHs for left and
right sides were 5.48 (SD 1.94) and 5.40 (SD 2.0) mm, respectively with no significant difference
according to gender and location. They reported an elongated PH(10.9 mm) in a young female.

This study showed the mean length of PHs for left, right sides and in total were 7.55 (SD 2.17), 7.42 (SD
2.08) mm and 7.48 (SD 2.06) , respectively with no significant difference according to age. Also we found
that female had PH shorter length than male. We encountered several subject with PH length more than
mean length defined in literatures such as15.1 mm in a 52 years old male(figure4),14.28 mm in50 years
old male and 13.99 mm in 75 year old male patient and so forth. It was expected patients with elongated
PH complain of some atypical symptoms that were mentioned above, but it was vice versa surprisingly.
They didn’t have any complain such as painful and burning sensations when examined their soft palate
and pharynx but there were firm swelling relatively during palpation of PH region. With regarding to all
the bilaterally elongated PH in our study were asymptomatic support the theory muscular
dyscoordination and imbalance muscular function due to PH overgrowth caused by various factors after
ended developmental age of H may cause symptoms. In the review of case reported articles we noticed PH
syndrome occurred after developmental age. So the elaborated assessment of etiologic factors especially
in bilaterally cases prevents misdiagnosis specially in the cases need to surgical interventions. In this
research we encountered some patient with short PHs. Some of the patient had unilaterally short PH with
history of third molar extraction so they didn’t include in study.

There were no differences in the measurements obtained from the age groups. This is coincide with
Putzand Kroyer’s [1] study, which reported that the PH increases in length to the beginning of adulthood,
and thereafter remains unchanged throughout life but not in line with Krmpotic’-Nemanic” et al. [2] and
Orhan et al [5] study that reported older patients had shorter PH length than theyounger patients. There
was only few study regarding the width and the inclination of the PH. Putz and Kroyer [1] measured
width of PH as 1.4 mm and Orhan measured width of PH as 1.72 (SD 0.94) and 1.87 (SD 1.17) mm for left
and right, respectively. We found total width of PH 1.46 (SD 0.25) that is in line with Putz and Kroyer’s
study. The inclination of PH in Putz and Kroyer’s (1) study were 75° in the sagittal plane and 58° in the
coronal plane that were also similar to our results (Table I). All hamului in this study were inclined
dorsolaterally similar to Putz and Kroyer’s study.

Our findings on MPR CBCT images that obtained a group of Iranian population, from a length, width and
inclination point of view were in line to Putz and Kroyer’s [2] measurements on skulls performed by
sliding gauge in Germany but it show relatively differences with Orhan et al’s 5study that were
performed in Turkey on 3D images of CBCT.

Elongation of the PH is a rare syndrome that shows various and complex symptoms in the palatal and
pharyngeal region. Radiographs of the PH and pterygomaxillary region should be obtainedfor the findings
of osteophytes or hamular fracture or for any other abnormality. The detection of this area can be
achieved by radiography (cephalometric radiography, submentovertex, Waters view, conventional
tomography). However, identification of these structures by conventional radiography is exceedingly
difficult because of superimposition and distortion. CT can be performed in axial and coronal planes with
3D views for diagnosis and treatment of this region [20-22]. The 3D CT avoids the superimposition and
problems owing to magnification and offers visualization of the craniofacial structures with more

BEPLS Vol 4 [2] January 2015 148|Page ©2015 AELS, INDIA



Khoubivand et al

precision than the2D conventional methods [23-25]. Despite these advantages, the effective dose of CT is
much higher than the conventional radiographs and also expensive procedures and scanners are not
easily accessible [24, 26, 27]. In the past decade, CBCT was proposed for maxillocraniofacial imaging [28-
31]. Newer CBCT techniques provide high-resolution images of high diagnostic quality with significantly
reduced acquisition time and radiation burden. Reformatted from CBCT imaging data have been shown to
have measurement accuracy equivalent to MDCT imaging data[32].

a b
Figure 4 a.b. MPR CBCT image of same patient with bilaterally elongated PH

CONCLUSIONS

The Pterygoid Hamulus can be responsible for atypical pain in the oral cavity and pharynx, as well asset’s
close topographical relationship to the distal end of the upper dental arch renders it of interest to all
disciplines that are involved with this region. Assessment of PH morphology in the CBCT images, help to
trace and managements of ambiguous and conflicting symptoms related to PH morphology and
elongation in the oral cavity. Considering bilaterally elongated PH as etiologic factor for PH syndrome
should be cautiously.
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