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Comparison of tmj morphology in
orthodontic malocclusions using cone-
beam computed tomography

Konik isinli bilgisayarli tomografi kullanilarak
ortodontik maloklUzyonlu bireylerde tme
morfolojisinin karsilastiriimasi

ABSTRACT

Objective: The purpose of this investigation was to study morphometry of the head of the mandible in pa-
tients with Class |, Class Il and Class Il malocclusions.

Methods: Cone beam computerized tomography (CBCT) images of 39 patients were evaluated (each group
consisted of 13 patients). The morphology of mandibular condylar which tissue volume, trabecular bone vol-
ume, bone density and the bone surface were measured and calculated according to Angle classifications.

Results: A statistically significant difference was found between the tissue volume (P = .05) and bone surface
(P =.028) variables between Class Il and Ill. The volume of tissue between the Class Il group and the other
groups (Class | P =,016, Class Il P = ,006), trabecular bone volume (Class | P =,002, Class Il P =.001) and bone
surface (Class | P =,016, Class Il P = ,005) were statistically different for women.

Conclusion: The morphology of mandibular condylar changes in terms of tissue volume, trabecular bone vol-
ume, bone density and the bone surface can be related to malocclusions. Moreover, further studies must be
done for future studies on temporomandibular joint development and the measurements of condylar volume
and relation with the skeletal patterns.
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6z
Amag: Bu arastirmanin amaci Sinif I, Sinif Il ve Sinif Ill maloklizyonlu hastalarda condylus mandibula morfo-

metrisinin incelenmesidir.

Yontemler: 39 hastanin konik isinli bilgisayarli tomografi (CBCT) goriintileri degerlendirilmistir (her grup 13
hastadan olugmaktadir). Angle siniflandirmalarina gore 3 esit grup olusturulmus ve doku hacmi, trabekdler
kemik hacmi, kemik yogunlugu ve kemik ytizeyleri dlgllmustur.

Bulgular: Sinif Il ve Il arasinda doku hacmi (P =,05) ve kemik ylizeyi (P = ,028) degiskenleri arasinda istatistiksel
olarak anlamli fark bulunmustur. Sinif Il grubu ile diger gruplar arasindaki doku hacmi (Sinif | P =,016, Sinif Il (P
=,006), trabekdler kemik hacmi (Sinif | P =,002, Sinif Il P =,001) ve kemik ylzeyleri (Sinif | P =,016, Sinif Il (P =
,005) kadinlar igin istatistiksel olarak farklydi.

Sonug: Mandibular kondiler degisikliklerin doku hacmi, trabekiiler kemik hacmi, kemik yogunlugu ve kemik yG-
zeyi agisindan morfolojisi maloklizyonlarla iligkili olabilir. Ayrica, temporomandibular eklem gelisimi ve kondil
hacminin olglimleri ve iskelet paternleri ile iligkisi izerine ileride yapilacak ¢alismalar i¢in daha ileri galigmalar
yapiimaldir.

Anahtar Kelimeler: TME, morfoloji, cbct, malokliizyon, kemik parametreler

INTRODUCTION

The temporomandibular joint (TMJ), is a synovial joint between mandibular fossa (glenoid fossa) of
each temporal bone and mandibular condyles.' In anatomy textbooks type of this joint is mentioned as
bicondylar (similar to knee joint because two condyles are involved in this joint) or compound type of
joint (requiring the presence of at least three bones) whereas in dental literature technically it is speci-
fied as a ginglymoarthroidal joint because it provides for hinging movement in one plane (a ginglymoid
joint), and at the same time provides for sliding movements (an arthrodial joint).* The TMJ is one of the
most complex as well as most used joint in a human body.® Mastication and speech are the two most
essential activities of the TMJ, and they are of tremendous interest to physicians and radiologists. This
interested arises from structural, functional, pathological, and imaging considerations.?
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TMD (temporomandibular disorder) is a catch-all term for any is-
sue involving the jaw joint. TMD affects up to 75% of the population,
with only 34% claiming to have TMD. TMD can be caused by injuries
to the jaw, temporomandibular joint, or head and neck muscles. As
aresult, the architecture of the TMJ is strongly linked to the major-
ity of TMD. The most common TMJ disorders are pain dysfunction
syndrome, internal derangement, arthritis, and traumas.®®

While the factors leading to the development of TMD have been
investigated, it has been stated that certain morphological mal-
occlusions observed during childhood will trigger functional dis-
orders that may occur during adulthood. The association of mal-
occlusion with TMD has been reported in many studies. Especially
Class Il and Class Il types are more closely associated with TMD
than others. The cephalometric analysis reveals to the orthodon-
tist the skeletal component of the patient’s malocclusion.®"

TMD is a problem that needs to be investigated more. Because a
substantial percentage of TMD causes are currently unknown, a
greater knowledge of their etiology will aid in preventing not just
the formation of TMDs, but also the failure of an implanted joint
in the same way that the joint it replaced failed.®

The anatomical analysis of condylar structures related with TMJ
can provide useful information about the dysfunction. Different
TMJ implant designs can also be evaluated using a similar man-
ner. By defining the healthy structure of the TMJ we will be able
to see the differences in these variables after mandibular osteot-
omies and compare changes in TMJ morphology. Several inves-
tigations have been made in different populations with regard to
clinical and imaging findings in TMDs which figured out that TMD
issues are widespread, affecting up to one-third of all adults, as
well as children and adolescents, at some point in their lives.®®
Moreover, the anatomical analysis of structures related with TMJ
can provide useful information about the dysfunction of the joint.

Nowadays, mandibular condyle can be displayed in 3D, especially
with cone beam computerized tomography systems (CBCT) as it
is seen with traditional 2D methods. CBCT produces high-resolu-
tion images in axial, coronal and sagittal axes. And these images
are useful to reveal the anatomy of the temporomandibular joint
and possible pathologies.”®

Therefore, it is useful to determine the total tissue (TV) and tra-
becular bone volume (BV), bone density (BV/TV), and bone surface
(BS) area values of mandibular condyle morphology in different
malocclusion classes using cone beam computerized tomogra-
phy (CBCT) images. The aim of this study was to determine the
anatomical parameters of the head of the mandible in patients
with Class I, Class Il and Class Ill malocclusions.

MATERIAL AND METHODS

All changes and revisions to the research protocol were carried
out in accordance with the principles outlined in the Declaration
of Helsinki. The local institutional ethics committee gave its ap-
proval to the project. (Ankara University Faculty of Dentistry Clin-
ical Research Ethics Committee 2016/36290600/95). CBCT data
of patients who were recruited to the outpatient clinic for several
reasons such as airway basement without a history of any sys-
temic illnesses were retrospectively examined for a variety of rea-
sons, including pre-orthodontic therapy impacted teeth surgery.
The study excluded patients with signs of bone illness (particu-
larly osteoporosis), relevant medication intake, skeletal asymme-
tries orinjuries, congenital abnormalities, a history of surgery and
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TMJ condition, as well as any tumor or malignancy. The Low-qual-
ity images that did not allow sufficient visualization of bone bor-
ders orthose with artifacts or insufficient magnification were also
not included the study.

A power analysis was conducted. It was indicated that the mini-
mum sample size should be at least 21 patients. For this reason,
this study was based on CBCT Images on 39 patients (20 women,
19 men) who had remotely consulted or pre-orthodontically eval-
uated for the evaluation of impacted third molars. The patients
were divided into 3 malocclusion groups according to Angle
(Class 1, Class Il and Class ll1). 13 adult patients (bilateral 26 joints)
were selected in each study group.

The Planmeca Promax 3D Max CBCT (Planmeca Oy, Helsinki, Fin-
land) was used to create the CBCT imaging. All CBCT scans were
performed according to a strictly standardized scanning proce-
dure in both clinics; patients were put in a stand-up vertical pos-
ture, stabilized with a headband and chin support, and watched
during the scan to ensure that they stayed immobile. All con-
structions and measurements were performed on a TFT medical
display (NEC MultiSync MD215MG, Munchen, Germany).

In order to make a quantitative analysis of mandibular condyle,
DICOM image files were imported into a 3D rendering software
CTAnN (ver. 112.9, Skyscan), The cortical boundaries of the condy-
lar region starting from the mandibular notch that was visible in
the cross-sections of volumetric datasets were outlined using a
semi-automatic segmentation procedure. For this, region of in-
terests (ROI) were drawn manually on all images. The final ROI
along the mandible condyle constituted the semi-automatic
adaptive interpolation of these ROIs (Figure 1). After ROI selec-
tion, to subtract the condyle thresholding (binarization) process
was used, which entails processing the range of gray levels to ob-
tain an imposed image of black/white pixels (Figure 2). Descrip-
tive analysis was made according to sites and incidental findings.
The overall quantity of bone present in relation to the assessed
bone volume is referred to as Bone Density (BV/TV). It is a param-
eter widely used to perfectly reflect bone structure. It shows how
much of a particular volume of interest is taken up by mineralized
tissue. Bone surface (BS) refers to the connection between the
total trabecular bone surface and mineralized bone volume (Fig-
ure 1-2).

All measurements were done twice by a single observer. To deter-
mine intra observer precision were calculated: the difference, %
change, intraclass correlation coefficient (Single Measures) (ICC)
and the coefficient of variation (CV). Analysis of variance test and
post hoc Tukey were performed for statistical analysis of differ-
ences gender, localization (right/left), and measurements. P-val-
ue <.05 was considered statistically significant.

Figure 1. Process of region of interest (ROI). In the axial section,
the cross-section in which the joint was displayed as widest was
determined and the head of the mandible was marked as ROI
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Figure 2. Process of thresholding. In the marked ROl area, bone
tissue and air gaps were identified semi-automatically. And threshold
operation was done automatically.

RESULTS

The statistical test showed low intra observer variation (P > .05 for
differences in all parameters (Table 1). Table 2 shows the bone pa-
rameter results. No significant difference was found for the left and
right sides of the condyles. Hence the mean of the measurements
was the final measurement for statistical analyses. A statistically
significant difference was found between the tissue volume (P = .05)
and bone surface (P =.028) variables between Class Il and Il (Table 2).

The results show that the volume of tissue between the Class Il
group and the other groups (Class | p = 0,016, Class Il P =,006),

Table 1. Intraobserver precision

Difference % Change P* ICC** pre* cv
TV (mm®) 24,71 3,9 0,343 0,881 0,001 51,67
BV (mm?) 10,40 2,9 0,502 0,888 0,001 53,67
BV/TV (%) 2,11 3,7 0,178 0,853 0,001 27,83
BS (mm?) 48,18 49 0,186 0,842 0,001 40,66

* Pvalue for differences
* Intraclass correlation coefficient (Single Measures)
* Pvalue for ICC

Table 2. The measured bone parameters according to Class.

trabecular bone volume (Class | P = ,002, Class Il P = .001) and
bone surface (Class | P =,016, Class Il P = ,005) were statistically
different among women. No significant differences were found in
male groups and variables. (Table 3)

DISCUSSION

The developmental process of mandibular condyle continues from
childhood to adulthood. Even in adulthood, the development of
condyle volume and shape responds to functional demands. Con-
dyle volume is one of the most controversial variables in shaping
the craniofacial complex. Mandibular condyle is thought to play a
key role in the success of long-term orthognathic therapy.6*é!

In our study, there was a statistically significant difference be-
tween the Class Il and Class Ill patient groups in terms of tissue
volume (P =.05) and bone surface (P =.028) variables. In addition,
tissue volume, trabecular bone volume, and bone surface values
are significantly higher in the Class Il patients than in the other
groups, and these variables are the lowest in Class Il patients.

In the study which was made by Saccucci et. al’® among the Cau-
casian race, no difference was found in joints between patient
groups and so the results were consistent with our work. When
they evaluated the groups among themselves, they found differ-
ences between Class Ill and other groups, which were compatible
with our findings. The findings of the study regarding the size of the
condyle are compatible with our study. The difference of our study
is the size of the condyle; in which the parameters are designated
as tissue volume, trabecular bone volume, bone surface, and bone
density separately. Saccucci et al. used semi-automatic mimics
software for 3D analysis. According to a study made by Saccucci et.
al and Periago et. al this method has limitations.® In our study, we
used the CTan software, which is the software program of comput-
erized microtomography operating on the same principle as CBCT.

Standard In this software, pixel losses were minimized automatically and re-
Mean Deviation  Minimum _ Maximum sult equivalent to actual measurements were taken.22
TV (mm?) Class 1 587,27 187,63 238,15 851,44
Class II 409,93+ 153,52 221,76 813.32 Katsavrias® investigated the difference in the shape of the con-
Class IIT 775,61* 479,42 257,5 2300,8 dyle and reported that the Class Il group had a long, wide and
BV (mm?  ClassI 352,99 160,57 114,08 693,18 anteriorly tilt condyle head than the other groups.?® This result
Class IT 303,52 104,15 152,4 548,96 is consistent with the difference in total tissue volume and the
Class III 419,79 283,61 123,89 1355,3 bone surface area between class Il and class Il patient groups in
BV/TV (%) Class1 58,92 15.21 31.86 83,84 our study. We have found significant differences in women's pa-
Class II 62,01 15,14 37,71 88,09 tient groups when we evaluate gender in itself, unlike this studly.
Class ITI 55,39 20,95 22,56 87,44
BS (mm?)  ClassI 923,57 297,67 404,14 1517,47 In this study, there was a statistically significant difference in the tissue
Class II 830,95* 284,94 407,12 1496,27 volume (Class | P=,016, Class Il P =,006), trabecular bone volume (Class
Class IIT 1110,06* 519,79 481,15 2606,33 | P=,002, Class Il P=,001) and bone surface (Class | P=,016, Class Il P =
[indicates statiscal dignificance ,005) among the Class Il group and the other groups in women.
Table 3: Comparison of Classes between genders.
Gender P (Male) P (Woman) Gender P (Male) P (Woman)
TV (mm?) Class I Class II ,308 ,880 BV/TV (%) Class T Class II 721 ,982
Class IIT ,967 ,016 Class IIT 476 ,465
Class II Class I ,308 ,880 Class IT Class I ,721 ,982
Class IIT ,331 ,006 Class III ,115 ,554
Class III Class I ,967 ,016 Class IIT Class I 476 ,465
Class II ,331 ,006 Class II ,115 ,554
BV (mm?®) Class 1 Class II ,675 ,817 BS (mm?) Class I Class II ,746 ,826
Class IIT ,287 ,002 Class 11T ,827 ,016
Class IT Class I ,675 ,817 Class II Class I ,746 ,826
Class IIT ,835 ,001 Class III ,968 ,005
Class III Class I ,287 ,002 Class III Class I ,827 ,016
Class II ,835 ,001 Class II ,968 ,005
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Yilanci et al.?* stated that in their study of condylar hyperplasia,
there was more condyle growth in women. Raijmakers et al.*®
have reported also that the female gender is a risk factor for
condylar hyperplasia and may be due to the chromosomal origin
of estrogen. In these studies, differences in the female patient
group may be due to hormonal or genetic factors. This shows the
importance of the differences between genders in our study.

CONCLUSION

The morphology of mandibular condylar changes in terms of tis-
sue volume, trabecular bone volume, bone density and the bone
surface can be related to malocclusions. Moreover, further stud-
ies must be done for future studies on temporomandibular joint
development and the measurements of condylar volume and re-
lation with the skeletal patterns.
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