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Abstract

BACKGROUND

The diagnosis of Coronoid Process Hyperplasia is usually based on symptoms and
radiological imaging. Because of its similar symptoms, it can be confused with
temporomandibular joint diseases. Therefore, an objective and reproducible way of

diagnosis should be determined.

AIM
This study aims to investigate coronoid process hyperplasia (CPH) using Levandoski

analysis on panoramic radiographs to determine its prevalence.

METHODS

A total of 300 panoramic radiograph images (600 coronoid processes) were examined.
Having measured the Condyle-Gonion (Cd-Go) and Coronoid-Gonion (Cor-Go)
distances, the Cor-Go:Cd-Go ratio was calculated for the left and right sides of each

image.

RESULTS
There was a statistically significant difference in Cd-Go and Cor-Go distances between
male and female participants (p < 0.001). There was no statistically significant

relationship between Cor-Go:Cd-Go ratios and gender (p > 0.05).

CONCLUSION

Cd-Go and Cor-Go distances were statistically significantly increased in males on both
the left and right sides. The ratio of Cor-Go:Cd-Go was preserved in both genders. The
prevalence of CPH was found to be 0.3%.
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Core Tip: Coronoid process hyperplasia (CPH) is an abnormal bone elongation. It is
usually seen with a mouth-opening limitation. There are various disorders in which
limited mouth opening is seen in the differential diagnosis. Therefore, an objective and
reproducible radiological method should be used in the diagnosis. Levandoski analysis
is a method frequently used for the diagnosis of mandibular and facial asymmetries on
panoramic radiographs. However, its use in the diagnosis of CPH is not very common
and is not well-known by physicians. One of the aims of this study is to raise the

awareness of physicians about Levandoski analysis and CPH.

INTRODUCTION

Coronoid process hyperplasia (CPH) was first described by the German surgeon
Bernhard Von Langenbeck in 1853[1. CPH is an abnormal bone elongation that
commonly occurs bilaterally. As it a rare condition, no epidemiological studies have
been reported!?l. It is predominantly seen during the second decade of life, mostly
among the male population I*l and may develop asymptomatically, presenting with late
symptomsitl. However, CPH is usually noticed with a progressive mouth opening
limitation, which is thought to be caused by 'ﬁlterference with the zygomatic bone 3.
Thus, it becomes necessary to explain the morphometric relationship between the
coronoid processes and condyles because limited mouth opening is not always caused
by CPH. Additionally, visual diagnosis of CPH without using an analysis system is not
an accurate and reproducible way [51.

Computed tomography (CT) and cone-beam computed tomography (CBCT)
have been reported to be useful methods, providing three-dimensional images in the

diagnosis of CPH Il. However, CT and CBCT are not used in routine radiological




examinations. Panoramic radiography is the simplest radiological method that can be
used in the diagnosis of CPH and has a low radiation dose 5. In addition, the majority
of CPH cases reported to date have used panoramic graphy as a diagnostic method Bl.
To date, no morphometric or prevalence study has been performed on a large
sample group using Levandoski analysis. The purpose of this article is to investigate the
coronoid process morphometrically and determine the prevalence of CPH in a sample

subpopulation using Levandoski analysis with panoramic radiographs.

MATERIALS AND METHODS

The present study followed the principles of the Helsinki Declaration. Approval
was granted by the Ethics Committee of University Ordu (No:2021/231).

The images of the participants who underwent panoramic graphy were analysed
retrospectively. The study was performed on images without artefacts that could
adversely affect the evaluation. The participants included in this study were in the
second decade and older. The participants with trauma, pathological formations and
anomalies in condyle or coronoid process regions, musculoskeletal anomalies and
congenital bone dysplasia were not included. In addition, the images where the condyle
and coronoid tips and the gonion point could not be clearly distinguished, and the
images with any artifacts were not included. The patients gave their consent for their
radiographic images and information to be used in scientific studies.

Image Analysis

The images were obtained with a panoramic X-ray unit (Orthopos XG 3, Sirona
Dental Systems, Bensheim, Germany) operating at 60-90 kVp and 3-16 mAs. When the
scans were being taken, the patients were in an upright position, with their heads gnd
necks in a neutral position and the Frankfort plane parallel to the floor. All
examinations and measurements were performed on a 27-inch colour LCD screen
(BE27AQLB, Asus Computer GmBH, Ratingen, Germany) with a resolution of 2560 x
1440 pixels.




A total of 300 panoramic graphs (600 coronoid processes) were examined
using Levandoski analysis by a maxillofacial radiologist with five years of experience
in a dimly-lit room. The ages and genders of participants were recorded using to the
software database system. When Condyle(Cd)-Gonion(Go) and Coronoid(Cor)-Go
distances were measured, the Cor-Go:Cd-Go ratio was calculated for the left and right
side of each image (Figure 1). Line 1 is the maxillary vertical midline, which passes
through the nasal septum. Lines 2, 3 and 4 are perpendicular to line 1 and are tangent to
the lower border of the symphysis mandible, the tip of the condyle and the tip of the
coronoid process, respectively.

To examine the intra-observer agreement, the images were reassessed by the
same observer two weeks later.

Cd: Tip of the condyle

Cor: Tip of the coronoid process

Go: The most outward point of the mandibular angle

Cd-Go: Distances between the Cd and Go points

Cor-Go: Distances between the Cor and Go points

Cor-Go : Cd-Go: Ratio diagnosed of CPH when above 1.15 (Kubota et al)

Statistical Analysis

The data were transferredﬁ) the Statistical Package for Social Sciences (SPSS) 20.0
for Windows. Mann-Whitney U test was used for the variables with two categories that
do not have a normal distribution. The Student t-test was used to compare the means of
the data in two independent groups with normal distribution.

Since the relationship between two continuous variables without normal
distribution was examined, the Spearman's rho correlation test was used to evaluate the
intra-observer agreement.

All statistical tests were conducted at the 95% confidence level; the findings were

considered statistically significant at the significance level of 0.05.

RESULTS




The present study was performed retrospectively using 300 panoramic
radiographs (126 males and 174 females). CPH was encountered in only one female out
of 300 participants; the prevalence of CPH was found to be 0.3% in the sample
subpopulation.

The Cd-Go and Cor-Go distances by gender are displayed in Table 1. There was
a statistically significant difference in the Cd-Go and Cor-Go distances between male
and female participants (p < 0.001). The Cd-Go and Cor-Go distances are statistically
significantly increased in males on both left and right sides. Table 2 displays the Cor-Go
: Cd-Go ratios according to gender. There was no statistically significant relationship
between the Cor-Go : Cd-Go ratios and gender (p > 0.05).

Based on the Spearman’s rho analysis, the statistically significant (p < 0.01)
perfect agreement was found between the Cor-Go:Cd-Go ratios calculated at two-week
intervals (the rho value for the left side equals 0.987, for the right side 0.978).

CPH was detected in only one patient. The measurements of the patient were as

follows: Cor-Go/Cd-Go 76.6/63.6 mm for the right side, 69.1/54.8 mm for the left side,
Cor-Go:Cd-Go 1.20 for the right side and 1.26 for the left side.

DISCUSSION

CPH, also known as an elongated mandibular coronoid process, is a rare
condition characterised by elongation of the process. In the case of clinical suspicion of
CPH, the diagnosis can be made radiologically. The cephalometric analysis has been
reported to be a reliable method in the diagnosis of CPH [°l. However, based on this
method, only the measurements and evaluations of the right coronoid process can be
made, leaving the left side of the radiograph unclear. Therefore, a simple radiographic
method, such as panoramic radiography that allows bilateral examination, is required
I5l. Displaying anatomical structures in true dimensions without magnification and
superimposition, CT is a useful diagnostic method in CPH [7 8. However, CT is an
imaging method involving a high radiation dose; therefore, it cannot be used for routine

examination. Four-dimensional CT (4DCT) is a new imaging method that can display




the mandibular movement as well as the surrounding soft tissue mobility. The 4DCT
assessment has the potential to understand the mechanisms underlying the symptoms
in CPH patients [°l. Panoramic radiography is a simple and useful method to diagnose
patients with CPH 5], therefore, it is the most frequently used imaging method to
diagnose CPH Bl.

The etiology of CPH is not well described, and many theories have been put
forward, such as genetic inheritance [101, hormonal stimulus [, facial injuries and
trauma (2 and temporal muscle activity ['3l. According to a review that included 115
cases and was published by Goh et al [3l in 2020, CPH is predominantly seen bilaterally,
mostly in males, during the second decade of life. In the present study of 300 patients,
bilateral CPH was found in a 50-year-old female patient.

Although CPH is known to be a rare condition, its prevalence is unknown. Izumi
et al encountered CPH in 17 of 1,665 patients whose data had been examined. However,
this is not a prevalence study but a case-control study conducted with database records
of a clinic where only patients with temporomandibular joint findings were admitted.
In the present study, the Cor-Go:Cd-Go ratio was measured applying Levandoski
analysis, which is a useful and reproducible way to diagnose CPH, on the panoramic
radiographs of each participant. CPH was encountered in only one out of 300
participants, and the prevalence of CPH was found to be 03% in the sample
subpopulation.

Levandoski developed his analysis for examining panoramic radiographs and
adapted it for temporomandibular joint evaluation ['4l. This analysis has been used in
the diagnosis of facial and dental asymmetries and CPH in later years. There has been
reported a good correlation between standard face photographs and Levandoski
analysis [151. Various studies have supported the applicability of the analysis in
diagnosing facial and dental asymmetries [15 161,

Kubota et al used Levandoski analysis on panoramic radiographs for the
diagnosis of CPH Pl. They compared three patients with CT-confirmed CPH and a

control group of 56 participants to verify the reliability of the analysis in the diagnosis




of CPH. They reported that the Cor-Go and Cor-Go:Cd-Go values were significantly
higher in the patients than in the control group. They reported the Cor-Go:Cd-Go value
as the maximum of 1.07 for the control group and the minimum of 1.15 for the patient
group. At the same time, they compared the Cor-Go:Cd-Go value with cephalometric
and panoramic radiographs only for the right side in all participants (7 = 59) and found
a stable correlation. They did not report a statistically significant difference in the Cor-
Go:Cd-Go values based on gender. In the current study consisting of 300 participants,
there was no significant difference in the Cor-Go:Cd-Go values between males and
females, similar to the study of Kubota et al However, the Cd-Go and Cor-Go distances
for both left and right sides increased statistically significantly in males (p < 0.001).

An Anatolian skull with CPH was examined by Corumlu et al using Levandoski
analysis on panoramic radiographs [7l. They reported that the Cor-Go and Cd-Go
measurements were 95.10 mm and 79.03 mm on the right side and 97.53 mm and 87.80
mm on the left side; the Cor-Go:Cd-Go value was 1.20 on the right side. In the case
they reported, the Cor-Go:Cd-Go value for the left side was below the 1.15 required for
CPH but above the normal value of 1.07. For this reason, they interpreted their case
bilaterally. In the present study, CPH was detected in only one patient. The
measurements of the patient were as follows: Cor-Go and Cd-Go are 76.6 and 63.6 mm,
respectively, for the right side and 69.1 and 54.8 mm for the left side; the Cor-Go:Cd-Go
ratio is 1.20 for the right side and 1.26 for the left side.

Izumi et al 8] retrospectively analysed the data of 1,665 patients who visited the
temporomandibular joint (TM]) centre to contribute to a case-control study. They
determined criteria to rule out the conditions other than CPH that cause limitation in
mouth opening: (1) limitation of the mouth opening that does not heal for a year or
more; (2) the impossibility of forced mouth opening; (3) the absence of any symptoms,
such as pain or sound, when opening the mouth in the TM] area; (4) the absence of
abnormal disc position and osteoarthritic condylar changes on magnetic
resonance images; and (5) the absence of a history of mandibular trauma and

inflammation. Seventeen of the 18 patients who satisfied the criteria agreed to undergo




CT and participate in the study. CPH without interference with the zygomatic bone was
detected in 13 out of 17 patients, and CPH with interference with the zygomatic bone
was diagnosed in four patients. Moreover, the configurations and height levels of
coronoid processes were examined. An angular shape was seen in only four cases with
the zygomatic bone interference. The height of the coronoid process was reported to be
significantly higher in the case group than in the control group.

In another study in which 16 patients with CPH (eight congenital, eight induced)
were examined with cephalometric graphs together with a control group of 16
participants, no difference in the height of the condylar process was reported between
the groups; however, the height of the coronoid process was reported to be significantly
greater in the patient group 7],

Stopa ef al 1201 used the coronoid-condylar index (CCI) on CT images to diagnose
CPH. They included in their study 13 participants with CPH and 13 participants
without mandibular disease and reported that the CCI value, obtained using the
measurement method they recommended, in the patients without CPH was
approximately 1. They claimed that in the presence of CPH, the CCI increased to 1.25
and supposed that if the value rose above 1.15, there was a coronoid-condylar
derangement.
In the study conducted by Tavassol et al 121, CT images of 41 patients, consisting of 40
healthy individuals and 1 with CPH, were examined. The condyle and coronoid lengths
and Cor:Cd ratio were measured with reference to the tangent point that passed
through the sigmoid notch. The mean ratio for the healthy group of the participants was
0.78. The values were calculated for only one patient with bilateral CPH: the ratio was
2.1 for the left side and 1.87 for the right side. The accuracy of the results of this study is

questionable, as the reference tangent line is determined arbitrarily.

CONCLUSION

The Cd-Go and Cor-Go distances were statistically significantly increased in

males on both the left and right sides. The evidence that these values were predominant




in males may be related to the fact that the anatomical dimensions of males are larger
than those of females. Although the Cd-Go and Cor-Go distances were higher in males,
the ratio of Cor-Go:Cd-Go was preserved for both genders.

According to the results of this study using the Levandoski analysis, the
prevalence of CPH was found to be 0.3%. In the present study, the images were re-
evaluated after two weeks, and intra-observer agreement was found perfect. According
to this result, can be say that Levandoski analysis is a reproducible method for
diagnosis of CPH. This method is very simple and can be used in the diagnosis of CPH
by measuring with any radiology software.

Present study was not conducted with a large sample group and only one case of
CPH was found. in order to reliably obtain the prevalence of CPH, studies with larger

sample groups and different ethnic populations are necessary.

ARTICLE HIGHLIGHTS

Research background
The images of the participants who underwent panoramic graphy were analysed
retrospectively. The radiographs taken in the last 1 year retrospectively from the date

of the study were used.

Research motivation
The fact that there are few studies on Coronoid Process Hyperplasia was the main

motivation of this research.
Research objectives
It is aimed to detect coronoid process hyperplasia by making repeatable measurements

on panoramic radiographs.

Research methods




When Condyle(Cd)-Gonion(Go) and Coronoid(Cor)-Go distances were measured, the
Cor-Go:Cd-Go ratio was calculated for the left and right side of each image (Figure 1).
Line 1 is the maxillary vertical midline, which passes through the nasal septum. Lines 2,
3 and 4 are perpendicular to line 1 and are tangent to the lower border of the symphysis

mandible, the tip of the condyle and the tip of the coronoid process, respectively.

Research results
Coronoid Process Hyperplasia was encountered in only one female out of 300

participants; the prevalence of CPH was found to be 0.3% in the sample subpopulation.

Research conclusions

The Cd-Go and Cor-Go distances were statistically significantly increased in
males on both the left and right sides. The evidence that these values were predominant
in males may be related to the fact that the anatomical dimensions of males are larger
than those of females. Although the Cd-Go and Cor-Go distances were higher in males,
the ratio of Cor-Go:Cd-Go was preserved for both genders.

Research perspectives
Present study was not conducted with a large sample group and only one case of CPH
was found. in order to reliably obtain the prevalence of CPH, studies with larger sample

groups and different ethnic populations are necessary.
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