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Koronoid Proses Uzunlugunun Koronoid-Kondiler Indeks ve
Levandoski Analizi ile Karsilastirilmasi: Retrospektif Calisma
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ABSTRACT Objective: The mandibular coronoid process is an
anatomical structure related to mandibular function and movement. The
elongated process may impinge on the zygomatic bones and restrict
mouth opening. A significant portion of individuals with prolonged
coronoid processes do not complain of pain, which may lead to misdi-
agnosis or delayed treatment. The objective of this study was to evalu-
ate the concordance between coronoid process measurements obtained
from panoramic radiography and cone beam computed tomography
(CBCT) images. Material and Methods: A retrospective study design
was employed, utilizing panoramic radiographs and CBCT images from
the Department of Oral and Maxillofacial Radiology archives, exclud-
ing patients with prior maxillofacial surgery or certain pathologies.
Levandoski analysis was used on panoramic radiographs and coronoid-
condylar index (CCI) was used CBCT images to determine the coro-
noid process length. Results: A statistically significant difference was
observed between the analysis methods (p<0.05). The length of the
coronoid process was observed to be less in the Levandoski analysis
than in the CCI. Although there was no significant difference in the
length of the coronoid process between the genders when measured
using CBCT, this measurement was found to be longer in males than in
females when assessed using panoramic radiography (p<0.05). Con-
clusion: This study underscores the significance of CIBT as a depend-
able imaging modality for the accurate measurement of mandibular
coronoid process length in comparison to panoramic radiography. The
findings of this study mandate further research with larger populations
to address its limitations and enhance diagnostic accuracy.
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OZET Amac: Mandibular koronoid proses, mandibular fonksiyon ve
hareketle iliskili anatomik bir yapidir. Uzamis proses zigomatik ke-
miklere baski yapabilir ve agiz acikligini kisitlayabilir. Uzamis koro-
noid prosese sahip bireylerin 6nemli bir kismimin agridan sikayet
etmemesi yanlis taniya veya gecikmis tedaviye yol agabilir. Bu ¢alis-
manin amaci panoramik radyografi ve konik 1sinl bilgisayarli tomo-
grafi (KIBT) goriintiilerinden elde edilen koronoid proses dlgtimleri
arasindaki uyumu degerlendirmektir. Gereg¢ ve Yontemler: Agiz, Dis
ve Cene Radyolojisi Anabilim Dali arsivindeki panoramik radyogra-
filer ve KIBT goriintiileri kullanilarak, gegirilmis maksillofasiyal cer-
rahi veya patoloji hikayesi olan hastalar hari¢ tutularak, retrospektif
bir ¢aligma tasarimi kullanilmistir. Koronoid proses uzunlugunu be-
lirlemek i¢in panoramik radyografilerde Levandoski analizi, KIBT g6-
riintiilerinde ise koronoid-kondiler indeks (KKI) kullanilmistir.
Bulgular: Analiz yontemleri arasinda istatistiksel olarak anlamli bir
fark gozlendi (p<0.05). Koronoid proses uzunlugunun Levandoski
analizinde KKI’ye gére daha az oldugu gériilmiistiir. Koronoid ¢ikinti
uzunlugu KIBT ile 6l¢iildiigiinde cinsiyetler arasinda anlaml bir fark
olmamasina ragmen, panoramik radyografi ile degerlendirildiginde bu
6l¢tim erkeklerde kadinlara gére daha uzun bulundu (p<0,05). Sonug:
Bu ¢aligma, panoramik radyografiye kiyasla mandibular koronoid pro-
ses uzunlugunun dogru bir sekilde dlgiilmesinde giivenilir bir goriin-
tilleme yontemi olarak KIBT nin énemini vurgulamaktadir. Bulgular,
calisma kisitlamalarini ele almak ve tanisal dogrulugu artirmak igin
daha biiyiik popiilasyonlarla daha fazla arastirma yapilmasini gerek-
tirmektedir.
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The mandibular coronoid process is an anatom-
ical structure that plays a role in mandibular function
and movement. This process mainly serves as the at-
tachment point for the temporalis muscle, while its
lateral surface partly forms the attachment site for the
masseter muscle.! An increase in bone formation at
the anterior, superior, and posterior aspects of the
coronoid process may result from the activity of the
anterior and posterior temporal muscle.> A number of
factors have been identified as playing a role in the
ethiology of this condition, involving trauma, hor-
monal stimulation, hyperfunction of masticatory
muscles, pathological changes in muscle tissue and
genetic predisposition. In a systematic review by Par-
mentier et al, the authors discuss various factors as-
sociated with elongated coronoid process, including
temporalis muscle activity. They note that while in-
creased activity of the temporal muscles has been
suggested as a contributing factor, the exact patho-
genesis of elongated coronoid process remains un-
clear.>* The relationship between the mandibular
condyle and coronoid process may be affected by
several factors, including growth hormone receptor
gene variants that affect mandibular morphology.’ It
has also been suggested that transforming growth fac-
tor-beta (TGF-B)3 mutations increase bone growth
and cause coronoid process hyperplasia (CPH) for-
mation by affecting the TGF-f3 signalling pathway.°®

The abnormal growth of the mandibular coro-
noid process containing histologically normal bone
is known as CPH.” This abnormality can develop ei-
ther unilaterally or bilaterally. Elongated coronoid
processes can be impingement on the medial surfaces
of the zygomatic arches and on the posterior surfaces
of the bodies of the zygomatic bones.® The American
Academy of Orofacial Pain defines CPH as a con-
genital or developmental temporomandibular joint
(TMJ) disorder.” CPH develops gradually, resulting
in a reduction of the infratemporal space required for
mandibular rotation and translation. This may lead to
a limitation in mouth opening.'” Therefore, CPH is a
condition that should be evaluated in patients present-
ing with unexplained trismus. Radiographic examina-
tions should be performed accordingly. The possibility
of hyperplasia of the coronoid process should not be
excluded in patients with TMJ-related symptoms.
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To determine the size of the mandibular coro-
noid process radiographically, various imaging tech-
niques can be employed. Panoramic radiographs, 15°
occipito-mental views, and submentovertex views
have been utilized to evaluate the dimensions and
shape of the coronoid process, as well as the space
between the coronoid processes.!! The diagnosis of
CPH frequently depends on sophisticated imaging
techniques, such as computed tomography (CT). 3-
dimensional (3D) imaging can assist in differentiating
CPH from other conditions that may present simi-
larly, including ankylosis and neoplasms of the coro-
noid process. The only coronoid measurement
technique defined using panoramic radiography is the
Levandoski method.!'? Levandoski analysis is effec-
tive in the diagnosis of CPH and other morphological
abnormalities of the mandible. The accuracy of this
method can be affected by the quality of the
panoramic radiographs, magnification and the skill
of the specialist in interpreting the images. In addi-
tion, in some cases, overlapping anatomical structures
may block the visibility of the coronoid and condylar
processes, which may lead to misdiagnosis.

The Coronoid-Condylar Index (CCI) developed
by Tavassol et al. and Stopa et al. can be applied in
various imaging modalities such as Cone Beam Com-
puted Tomography (CBCT) or CT. It is useful in
identifying functional or pathological abnormali-
ties.®!3 CCI is an important metric for assessing the
relationship between the coronoid and condylar
processes of the mandible. The objective of this study
was to measure the length of the mandibular coronoid
process in CBCT images using Stopa et al. CCI and
to compare the 2 approaches using Levandoski analy-
sis on the same subjects’ panoramic radiographs.

I MATERIAL AND METHODS

The research has been approved by by the Giresun
University Clinical Research Ethics Committee (date:
December 4, 2023, no: KAEK-264). All procedures
performed in the study were in accordance with the
tenets of the Declaration of Helsinki. Prior to the ac-
quisition of radiological images, written informed con-
sent is obtained from patients, stipulating the potential
utilisation of these images in scientific studies. Consent
forms are maintained in the department archive.
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The study was designed with a retrospective
methodology. Power analysis was performed to de-
termine the sample size. A total of 92 panoramic ra-
diographs and CBCT images of the same patients
taken from the archive of Giresun University De-
partment of Oral and Maxillofacial Radiology were
used. The study excluded patients who had previ-
ously undergone surgery or trauma in the maxillofa-
cial region, metabolic bone disease, any pathology in
the condyle and coronoid processes, head and neck
radiotherapy history and musculoskeletal anomalies.

A panoramic X-ray unit (Hyperion X5, Myray,
Italy) operating at 60-85 kVp voltage and 4-15 mAs
milliampere-second was used to obtain 2-dimen-
sional (2D) radiographic images. The patients were
placed upright, heads and necks in a neutral position,
and the Frankfort plane parallel to the floor during
the scanning procedure. CBCT images were acquired
utilizing a dental volumetric imaging system (New-
tom Giano HR, Verona, Italy), operating at a voltage
of' 90 kVp and a current of 6 mA for a duration of 7.2
seconds within a field of view measuring 16x18 cm,
characterised by a voxel resolution of 300 pm. Di-
mensional measurements were performed directly on
the Digital Imaging and Communications in Medi-
cine images using the NNT software program (New-
tom, Verona, Italy). The measurements were obtained
from 3D reconstructed CBCT scans. All measure-
ments and examinations were conducted using a 22-
inch colour LCD screen with a resolution of
1920x1080 pixels (MDRC 2222 Option BL, Barco,
Belgium). Measurements were performed by an ex-
perienced dentomaxillofacial radiologist. The meas-
urements were repeated 2 weeks later by the same
observer.

Levandoski analysis was used on panoramic ra-
diographs and CCI was used CBCT images to deter-
mine the coronoid process length. Four lines were
drawn on the panoramic radiographs (Figure 1). The
maxillary vertical midline descending from the nasal
septum forms line 1. Lines drawn tangentially from
the gonion (Go), the tip of the condyle (Cd) and the
tip of the coronoid process (Cor) intersect line 1 per-
pendicularly. As a result of this intersection, lines 2,
3 and 4 are formed respectively. Two distances be-
tween these three points were measured:
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FIGURE 1: Lines drawn for Levandoski analysis on a panoramic radiograph

Cor-Go: Distances between the Cor and Go points.
Cd-Go: Distances between the Cd and Go points.

Cor-Go: Cd-Go: The ratio used to determine the
length of the coronoid process.'?

Measurements of the condylar and coronoid
processes in a lateral projection were acquired
through CBCT evaluation accompanied by 3D re-
construction. In order to avoid errors that might arise
from comparing the absolute lengths of the separately
measured sections, it was decided to analyse only their
ratios. Three main lines were identified in the lateral
projections of the mandible on CBCT (Figure 2):

Line tangent to the apexes of the coronoid
process and condyle (A)

Line tangent to the angular region of the
mandible and the inferior border of the mandible
within the mental area. (B).

The third line should be drawn tangent to the
outline of the mandibular angle and the posterior part
of the condylar head. (C)."

Thus, the following points were determined:

G: The coordinate at which lines B and C con-
verge,

E: The point of tangency between line A and the
summit of the condylar head,

D: The point of tangency between line A and the
apex of the coronoid process. Following that, meas-
urements were made of the condylar height (GE) and
coronoid height (GD). The mathematical formula for
calculating the CCI is as follows:

CCI=GD:GE
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FIGURE 2: Lines drawn for coronoid-condylar index measurements on recons-
tructed 3D CBCT images
CBCT: Cone beam computed tomography

IBM SPSS 22.0 (IBM Corporation, USA) was
employed for the purpose of data analysis. In this
study conducted on 92 patients, researchers first pre-
sented descriptive statistics regarding socio-demo-
graphic characteristics. A Kolmogorov-Smirnov

normality test was conducted to determine the most
appropriate test statistic. The dependent sample t-test
was employed for two groups of dependent variables
with a normal distribution, while the Wilcoxon
signed-rank test was utilized for 2 groups of depend-
ent variables that were not normally distributed. All
statistical tests used were tested at 95% confidence
level. Intraclass Correlation Coefficient (ICC) was
used for intraobservation agreement.

I RESULTS

The mean age of the participants was 42.15+13.93
years. Of the participants, 41.3% (n=38) were male
and 58.7% (n=54) were female. A comparative analy-
sis of the patient measurements was conducted using
the 2 distinct measurement techniques, with the find-
ings presented in Table 1. A statistically significant
difference was observed between the techniques
(p<0.05). The lengths of the right and left coronoid
processes were compared according to the measure-
ment methods employed, and the results are dis-
played in Table 2 (p>0.05). There was no statistically
significant difference between right and left lengths
in both methods. The measurements obtained by the
2 methods were compared according to gender and
the results are given in Table 3. Although there was
no significant difference in the length of the coronoid

TABLE 1: Comparison of ratios according to measurement methods

n X sD Minimum Maximum p value
Imaging method Method
CBCT CCl 184 1.00 0.09 0.78 1.28 0.000*
Panoramic Levandoski 184 0.94 0.07 0.74 1.19
*p<0.05; n: Sample; SD: Standart deviation; CBCT: Cone beam computed tomography; CCI: Coronoid-condylar index
TABLE 2: Comparison of ratios between the left and right sides
Imaging method n X SD Minimum Maximum p value
CBCT CCl
Right 92 1.00 0.09 0.78 1.28 0917
Left 92 1.00 0.08 0.81 1.20
Panoramic Levandoski
Right 92 0.94 0.07 0.76 1.19
Left 92 0.94 0.07 0.74 1.15 0.499

n: Sample; SD: Standart deviation; CBCT: Cone beam computed tomography; CCI: Coronoid-condylar index
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TABLE 3: Comparison of ratios measurements according to gender

Imaging method n X
CBCT CCl
Male 76 1.00
Female 108 1.00
Panoramic Levandoski
Male 76 0.95
Female 108 0.93

SD Minimum Maximum p value
0.08 0.78 1.20

0.594
0.09 0.81 1.28
0.07 0.74 119

0.030*
0.06 0.76 1.10

*p<0.05; n: Sample; SD: Standart deviation; CBCT: Cone beam computed tomography;

process between the genders when measured using
CBCT, this measurement was found to be longer in
males than in females when assessed using
panoramic radiography (p<0.05). ICC was 0.773 for
measurements on panoramic radiographs and 0.91 for
measurements on CBCT images.

I DISCUSSION

Various imaging and analysis techniques are used to
determine the dimensions and hyperplasia of the
coronoid process. With the aim of enhancing the
identification of CPH, Kubota et al. utilized the
Levandoski panographic analysis on conventional
panoramic radiography in their investigation.'> The
researchers inferred that in cases where a patient pres-
ents with restricted mouth opening and the ratio ex-
ceeds 1.1, additional examinations are warranted due
to the potential presence of hyperplasia of the coro-
noid processes in the mandible. In their study of CT
images, Stopa et al. identified the presence of coro-
noid hyperplasia when the ratio of the coronoid
process of the mandible and the height of the condyle,
which they termed the CCI, exceeded 1.15." Mattei
et al. conducted a study using CCI on CT images and
Levandoski analysis on panoramic radiographs of 11
patients with CPH. The results of the study show that
the mean length ratio measured by panoramic radi-
ography using the Levandoski method (1.09 [0.09])
was lower than that measured by CCI. (1.21 [0.09];
P=0.0001)."* In this study comparing coronoid
process measurements with CCI and Levandoski
analyses, it was found that measurements from
panoramic radiographs were lower compared to
CBCT, as in the study by Mattei et al. Panoramic ra-

; CCl: Coronoid-condylar index

193

diographs and CBCT differ significantly in diagnos-
tic accuracy and clinical application due to their in-
herent technical and imaging characteristics.
Panoramic radiographs are prone to magnification
and distortion, especially when patient positioning is
incorrect. This can lead to measurement inaccuracies
in areas such as cortical and trabecular bone thick-
ness, gonial and antegonial regions or alveolar bone.
Linear and angular measurements from panoramic ra-
diographies usually require careful calibration. CBCT
provides 3D imaging with minimal distortion, en-
abling precise assessment of bone morphology and
density. Unlike panoramic radiographs, CBCT elim-
inates magnification and superimposition errors, pro-
5" The

discrepancy in the results of the Levandoski analysis

viding highly accurate volumetric data.

can be attributed to the magnification of the
panoramic radiographs and the overlapping of bony
structures, which render the measurement process
challenging.

In the present study, measurements of the right
and left coronoid processes were performed using
both CCI and Levandoski analysis. No significant
difference was found between the right and left meas-
urements with either method. In a study of panoramic
radiographs of 500 individuals in southern India,
Manoj et al. observed an asymmetry between the
right and left sides of the condyle and coronoid, fur-
ther emphasising the importance of considering both
sides when analysing mandibular structures.'® Studies
conducted by Kubota et al. and Erdem et al. using the
Levandoski method revealed that there was no statis-
tically significant difference between the measure-
ments of the right and left coronoid processes.'>!” In
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his review of CPH cases, Goh reported that bilateral
hyperplasia of the coronoid process represented
79.1% of reported cases.! In their study with CCI,
Stopa and colleagues observed no significant differ-
ence in the ratio of right to left side in patients with
CPH." Keselik et al. conducted a study of 22 dry
mandibles, which yielded no statistically significant
difference in coronoid lengths between the right and
left side.'® The conclusion that the right and left coro-
noid process measurements were symmetrical in the
study may encourage clinicians to consider both sides
equally in the evaluation of mandibular structures.

CPH is most commonly observed in males dur-
ing the second decade of life.” Nevertheless, cases
have been documented in females.! Gender-related
differences have been identified in studies investi-
gating mandibular morphology. In their study,
Gomes et al. found that the height and volume of the
coronoid process were significantly greater in males
than in females. This gender difference was attrib-
uted to the higher masticatory force in males and thus
greater bone remodelling on the mandibular bone."’
In the study in which the CCI was developed, Stopa
et al reported that 10 of the 13 patients with bilateral
CPH were male." In a separate study using the same
index, two-thirds of patients with CPH were male.”’
In another study of panoramic radiographs using
Levandoski’s analysis, we found no difference be-
tween the genders.!” In this study, gender and coro-
noid process measurements were analysed using both
methods. In the CCI analysis no difference was found
between the gender, but in the Levandoski analysis
the coronoid process was larger in males.

There are not enough studies on the prevalence
of CPH, which is rare. A review of the literature
found studies that reported a prevalence of CPH of
0.3%, 0.5% and 1.02.'72'2? Future studies should in-
clude larger and more diverse populations, alongside
detailed evaluations of observer agreement and cali-
bration protocols. The present study is subject to
some limitations. Due to its cross-sectional, retro-
spective nature, longitudinal monitoring of factors af-
fecting the coronoid process length is not possible.
Limitations such as the retrospective design and ex-
clusion of certain patient groups should also be ad-
dressed in subsequent research to provide a more
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comprehensive understanding of coronoid process
morphology. The design of future prospective longi-
tudinal studies on a large sample of participants from
different ethnic groups may contribute to an increase
in knowledge about the process length and the fac-
tors that may alter it.

I CONCLUSION

This study highlights the significance of CBCT as a
reliable imaging modality for accurately measuring
the length of the mandibular coronoid process com-
pared to panoramic radiography. The results demon-
strate that measurements obtained via CBCT provide
superior consistency due to its higher resolution and
reduced geometric distortion. Furthermore, the ob-
served discrepancies between the Levandoski analy-
sis and the CCI emphasize the limitations of 2D
radiographic methods in assessing anatomical struc-
tures.

No significant difference was observed in the
lengths of the coronoid process between the right and
left sides, which supports the literature information
on mandibular symmetry.

Future studies should include larger and more
diverse populations, alongside detailed evaluations of
observer agreement and calibration protocols. Limi-
tations such as the retrospective design and exclusion
of certain patient groups should also be addressed in
subsequent research to provide a more comprehen-
sive understanding of coronoid process morphology.
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