
19

ВЕРХНЕВОЛЖСКИЙ
ЖУРНАЛмедицинский

УДК 611.716.4

THE RELATHE RELATHE RELATHE RELATHE RELATITITITITIOOOOONNNNNSHIP BETWESHIP BETWESHIP BETWESHIP BETWESHIP BETWEEEEEEN THE MAN THE MAN THE MAN THE MAN THE MANDIBULAR CNDIBULAR CNDIBULAR CNDIBULAR CNDIBULAR COOOOONDNDNDNDNDYLE POYLE POYLE POYLE POYLE POSSSSSITIITIITIITIITIOOOOON IN THE SN IN THE SN IN THE SN IN THE SN IN THE SAAAAAGITGITGITGITGITTTTTTALALALALAL
 A A A A AND FROND FROND FROND FROND FRONTNTNTNTNTAL PLAAL PLAAL PLAAL PLAAL PLANNNNNEEEEES AMOS AMOS AMOS AMOS AMONG ADULNG ADULNG ADULNG ADULNG ADULT FEMALET FEMALET FEMALET FEMALET FEMALES WITH SKELETS WITH SKELETS WITH SKELETS WITH SKELETS WITH SKELETAL CLAAL CLAAL CLAAL CLAAL CLASSSSSS IS IS IS IS I
(CEPHAL(CEPHAL(CEPHAL(CEPHAL(CEPHALOMETOMETOMETOMETOMETRIRIRIRIRIC STUDC STUDC STUDC STUDC STUDY)Y)Y)Y)Y)

YYYYY..... JahJahJahJahJahjahjahjahjahjah

Orthodontics and Dentofacial Orthopedic Department, Dental School
Tishreen University, Latakia City, Syria

AbstrAbstrAbstrAbstrAbstraaaaactctctctct. . . . . TTTTThhhhhe study ine study ine study ine study ine study included 1cluded 1cluded 1cluded 1cluded 15 or5 or5 or5 or5 orthththththodoodoodoodoodontically untrntically untrntically untrntically untrntically untreeeeeated adult femaleated adult femaleated adult femaleated adult femaleated adult females aged 1s aged 1s aged 1s aged 1s aged 17–27–27–27–27–24 ye4 ye4 ye4 ye4 yeararararars withs withs withs withs with
skskskskskeletal claeletal claeletal claeletal claeletal class I, whss I, whss I, whss I, whss I, who ho ho ho ho had nad nad nad nad not prot prot prot prot preeeeeviviviviviooooouuuuusly undersly undersly undersly undersly undergogogogogonnnnne ore ore ore ore orthththththodoodoodoodoodontic trntic trntic trntic trntic treeeeeatment, with natment, with natment, with natment, with natment, with no fao fao fao fao facial acial acial acial acial asssssymmetrymmetrymmetrymmetrymmetryyyyy
aaaaand nnd nnd nnd nnd no ho ho ho ho historistoristoristoristory of tempory of tempory of tempory of tempory of temporomaomaomaomaomandibular damage nndibular damage nndibular damage nndibular damage nndibular damage nor aor aor aor aor annnnny cliny cliny cliny cliny clinical sical sical sical sical signignignignigns of its of its of its of its of it. P. P. P. P. Pooooostersterstersterstero�ao�ao�ao�ao�anterinterinterinterinterior aor aor aor aor and laternd laternd laternd laternd lateralalalalal
cephcephcephcephcephalometralometralometralometralometry ry ry ry ry reeeeevevevevevealed in thaled in thaled in thaled in thaled in them them them them them the pre pre pre pre preeeeesssssenenenenence of vce of vce of vce of vce of variariariariariooooouuuuus vs vs vs vs variaariaariaariaariants of thnts of thnts of thnts of thnts of the re re re re relatielatielatielatielatiooooonnnnnshshshshship betip betip betip betip betweweweweween then then then then theeeee
popopopoposssssitiitiitiitiitiooooon of thn of thn of thn of thn of the mae mae mae mae mandibular cndibular cndibular cndibular cndibular cooooondyle in thndyle in thndyle in thndyle in thndyle in the se se se se sagitagitagitagitagittal atal atal atal atal and frnd frnd frnd frnd frooooontal plantal plantal plantal plantal plannnnneeeees.s.s.s.s.

KKKKKey worey worey worey worey words: ds: ds: ds: ds: mandibular condyle position, postero�anterior cephalometric, lateral cephalometric.

ВЗАИМОСВЯЗЬ ПОЛОЖЕНИЯ ВЗАИМОСВЯЗЬ ПОЛОЖЕНИЯ ВЗАИМОСВЯЗЬ ПОЛОЖЕНИЯ ВЗАИМОСВЯЗЬ ПОЛОЖЕНИЯ ВЗАИМОСВЯЗЬ ПОЛОЖЕНИЯ МЫЩЕЛКОВОГО ОТРОСТКА НИЖНЕЙ ЧЕЛЮСТИМЫЩЕЛКОВОГО ОТРОСТКА НИЖНЕЙ ЧЕЛЮСТИМЫЩЕЛКОВОГО ОТРОСТКА НИЖНЕЙ ЧЕЛЮСТИМЫЩЕЛКОВОГО ОТРОСТКА НИЖНЕЙ ЧЕЛЮСТИМЫЩЕЛКОВОГО ОТРОСТКА НИЖНЕЙ ЧЕЛЮСТИ
В САГИТТАЛЬНОЙ И ФРОНТАЛЬНОЙ ПЛОСКОСТЯХ У ВЗРОСЛЫХ В САГИТТАЛЬНОЙ И ФРОНТАЛЬНОЙ ПЛОСКОСТЯХ У ВЗРОСЛЫХ В САГИТТАЛЬНОЙ И ФРОНТАЛЬНОЙ ПЛОСКОСТЯХ У ВЗРОСЛЫХ В САГИТТАЛЬНОЙ И ФРОНТАЛЬНОЙ ПЛОСКОСТЯХ У ВЗРОСЛЫХ В САГИТТАЛЬНОЙ И ФРОНТАЛЬНОЙ ПЛОСКОСТЯХ У ВЗРОСЛЫХ ЖЕНЩИНЖЕНЩИНЖЕНЩИНЖЕНЩИНЖЕНЩИН
СО СКЕЛЕТНЫМ КЛАССОМ I (ЦЕФАЛОМЕТРИЧЕСКОЕ ИССЛЕДОВАНИЕ)СО СКЕЛЕТНЫМ КЛАССОМ I (ЦЕФАЛОМЕТРИЧЕСКОЕ ИССЛЕДОВАНИЕ)СО СКЕЛЕТНЫМ КЛАССОМ I (ЦЕФАЛОМЕТРИЧЕСКОЕ ИССЛЕДОВАНИЕ)СО СКЕЛЕТНЫМ КЛАССОМ I (ЦЕФАЛОМЕТРИЧЕСКОЕ ИССЛЕДОВАНИЕ)СО СКЕЛЕТНЫМ КЛАССОМ I (ЦЕФАЛОМЕТРИЧЕСКОЕ ИССЛЕДОВАНИЕ)

Й. ЯхьяЙ. ЯхьяЙ. ЯхьяЙ. ЯхьяЙ. Яхья

Кафедра ортодонтии и зубочелюстной ортопедии,
Стоматологическая школа
Тишринского университета, Латакия, Сирия

Аннотация. Аннотация. Аннотация. Аннотация. Аннотация. В исследовании включено 1В исследовании включено 1В исследовании включено 1В исследовании включено 1В исследовании включено 15 женщин в возрасте 15 женщин в возрасте 15 женщин в возрасте 15 женщин в возрасте 15 женщин в возрасте 17–27–27–27–27–24 лет со скелетным классом4 лет со скелетным классом4 лет со скелетным классом4 лет со скелетным классом4 лет со скелетным классом I,I,I,I,I,
ранее не проходивших ортодонтического лечения, не имевших асимметрии лица и признаковранее не проходивших ортодонтического лечения, не имевших асимметрии лица и признаковранее не проходивших ортодонтического лечения, не имевших асимметрии лица и признаковранее не проходивших ортодонтического лечения, не имевших асимметрии лица и признаковранее не проходивших ортодонтического лечения, не имевших асимметрии лица и признаков
поражения височно�нижнечелюстного сустава, в том числе в прошлом. Проведение задне�пе�поражения височно�нижнечелюстного сустава, в том числе в прошлом. Проведение задне�пе�поражения височно�нижнечелюстного сустава, в том числе в прошлом. Проведение задне�пе�поражения височно�нижнечелюстного сустава, в том числе в прошлом. Проведение задне�пе�поражения височно�нижнечелюстного сустава, в том числе в прошлом. Проведение задне�пе�
редней и боковой цефалометрии выявило у них наличие различных вариантов взаимосвязи меж�редней и боковой цефалометрии выявило у них наличие различных вариантов взаимосвязи меж�редней и боковой цефалометрии выявило у них наличие различных вариантов взаимосвязи меж�редней и боковой цефалометрии выявило у них наличие различных вариантов взаимосвязи меж�редней и боковой цефалометрии выявило у них наличие различных вариантов взаимосвязи меж�
ду положением мыщелка нижней челюсти в сагиттальной и фронтальной плоскостях.ду положением мыщелка нижней челюсти в сагиттальной и фронтальной плоскостях.ду положением мыщелка нижней челюсти в сагиттальной и фронтальной плоскостях.ду положением мыщелка нижней челюсти в сагиттальной и фронтальной плоскостях.ду положением мыщелка нижней челюсти в сагиттальной и фронтальной плоскостях.

Ключевые слова: Ключевые слова: Ключевые слова: Ключевые слова: Ключевые слова: положение мыщелка нижней челюсти, задне�передняя цефалометрия, боковая
цефалометрия.

Introduction

Anteroposterior skeletal malocclusions are commonly
defined by the relationship of the maxilla and mandible
to the cranium, where the TMJ’s elements playing very
important role in the variability morphology of the
sagittal and vertical jaws relationship. Furthermore, since
the mandible articulates with the cranium, it is
paramount that proportionate growth be achieved
between anterior and posterior facial heights [2, 3],
influencing both sagittal and vertical facial morphology
[8–12]. Several cephalometric researches inspected the
condylar position in the sagittal plane corresponding to
cranial base, orofacial complex [1–3], to the other TMJ’s
elements, and external auditory meatus [4, 5]. Whereas
In the frontal plane, cephalometric researches inspected
the most the influence of the condylar position in facial
asymmetry patients [6, 7] where the condylar position
was the less inspected. However, the literature offers very
rich information about the TMJ morphology using 3D
techniques [13, 14], which is very costly indeed for the
patients in the traditional orthodontics treatment.
Consequently, it is important to determinant the possible
identifiable mandibular condyle location in both of
frontal and sagittal planes using frontal and sagital

cephalograms, which is a very common and low coast
analyzing utility in the daily orthodontics practices. In the
recent study, such determination was performed amongst
patients without facial asymmetry, clinical signs or
history of temporomandibular joint disorders as well as
with first skeletal class. The first skeletal class has almost
been the intention of the orthodontics treatment in
consideration of harmonic approach as a final objective
of the treatment, especially in patients with jaws
discrepancy malocclusions. Additionally, according to
some 3D methods studies TMJ analysis, the condylar
position has its particular relationship against the other
anatomical TMJ structures for each skeletal class of jaw
discrepancy [15–19]. Furthermore, the abnormalities of
mandibular condylar morphology and position increased
with age. They were seen more frequently in patients with
clinical signs and symptoms of temporomandibular
disorders and in patients with loss of teeth [20–22].

Study Objectives. The purpose of the present study
was to seek possible relationship between the mandibular
condyle position in the sagittal and frontal planes by means
of both postero�anterior and lateral cephalograms amongst
orthodontically non�treated skeletal class I adult females
with no facial asymmetry, no history of temporomandibular
joint disorders nor any clinical signs of it.
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(N): is the sample size ;.(z): is the value corresponding
to a confidence level, estimated at 99 % (Z = 2.58) (i.e.
significance level is 0.019), (у): highest Standard Deviation
value within all the variables (у = 6.7)

(e): Margin of error (maximum acceptable error in
mean estimate) (e=5)

Thus:

According to this statistical pilot study, we
determined that to get an exact estimate about the mean
of patients’ results, and the error in his estimate does not
exceed 5 of the mean, with a significance level of 99 %
requires a sample size (n) of 11.95 patients as minimum,
while the size of this study’s sample was 15 Caucasian
females.

All sagittal and postero�anterior cephalograms were
obtained before any orthodontics treatment has taken
place using the same cephalometer in centric occlusion
(The standard cephalometer settings were 75 kV, 10 mA,
0,7 second exposure time, with magnification standardi�
zed at 10  %). To eliminate rotational errors, ear�rods and
nasal rest were used The source–transporionic axis
distance was 150 cm and the transporionic axis–film
distance 12,5 cm. The subjects were positioned with the
transporionic axis and Frankfort plane horizontal to the
oor. The films were scanned at 600 dpi and displayed on
a at screen personal computer monitor with a pixel size
of 0,051 mm, smaller than the 0,1 mm maximum [28].

All measurements on booth postero�anterior (Figure
1) and sagittal cephalograms (Figure 2) were digitized by
the researcher under identical conditions using
AudaxCeph software (sizes were to the nearest 0,01 mm.

Landmarks, reference planes and measurements on
postero�anterior cephalograms (fig. 1–2):
1. Crista Galli point (Cg): apex of the Crista Galli, the

crista galli is a median ridge of bone that projects from
the cribriform plate of the ethmoid bone [29–33].

2. GWSO(R): intersection of the right greater wing of
sphenoid and inner cortex of the right supero�lateral
orbital rim [33–36].

3. GWSO(L): intersection of left greater wing of
sphenoid and the inner cortex of the left supero�
lateral orbital rim [33–36].

4. The point Jugale right (JR): The intersection of the
lateral contour of the right maxillary alveolar process
and the lower contour of the right maxillo zygomatic
(Jugal) process of the maxilla [32, 35, 37, 38].

5. The point Jugale left (JL): The intersection of the
lateral contour of the left maxillary alveolar process
and the lower contour of the left maxillo zygomatic
(Jugal) process of the maxilla [32, 35, 37, 38].

6. Condylar right (CondR): most superior point on
the right mandibular condyle [29, 33, 39].

7. Condylar left (CondL): most superior point on the
left mandibular condyle [29, 33, 39].

8. Condylion lateral right CoL(R): The most lateral
point on the right condylar head [38].

9. Condylion lateral left CoL(L): The most lateral
point on the left condylar head [38].

Materials and methods

Criteria of Subjects selecting: 15 orthodontically
untreated adult females with skeletal class I were selected
from patients who required both sagital and postero�
anterior cephalograms in the Department of Ortho�
dontics and Dentofacial Orthopedics at Tishreen
University, then who further cephalometric investigations
of the frontal cephalograms reveal no facial asymmetry.
The skeletal class was defined on the base of ANB angle.
Subjects were considered in skeletal class I if the ANB
angle ranged between 2°± 2°. [19]. Subjects with history
of trauma to the dento�facial structures, history of
abnormal habits, supernumerary teeth and/ or missing
teeth, congenital anomalies, evident signs of syndromes
and/or dentoskeletal asymmetries and/or craniofacial
malformation were excluded also. Additionally, exclusion
clinical criterion also was the clinical signs or history of
temporomandibular joint disorders such as TMJ sounds
(clicking or crepitation), range and deviation of mouth
opening, tenderness to palpation of the joint and the
masticatory muscles, and joint or muscle pain during
mouth opening and protrusive or lateral mandibular
movements. Moreover, exclusion were also the TMD
patients who were revealed by the manual functional
analysis (MFA) examination technique intended for
patients with no history of symptoms according to
Baumann and Groot [22, 23]. Should be noted that, only
the first part of (MFA) was performed. In first part of
(MFA) the loading vector usually determined, (the
second part of MFA intended for patients with TMD
where the various TMD etiological factors usually
investigated [22]). In this study, panoramic radiography
has been used as a screening tool to exclude patients with
gross bony changes in the condyle as Crow [24]
recommended. Patients were also excluded from the
study when panoramic radiograph did not reveal the
condylar anatomy clearly.

Granting the basic morphology of mandibular
condyle is thought to be established early [25].
Particularly, it was indicated that the distance between
the glinoid fossa and nasion increases 7.5 mm between 12
and 20 years of age when the landmark Articular is used
[26,27]. Additionally, it has been noted that the absence
of morphologic variation was much more common in the
younger age group. The prevalence of changes in
condylar morphology was more in individuals above 40
years (90 %) as compared to those below the age of 40
(64 %) [20]. therefore, the mean age of the selected 15
subjects in current study was 19.1 years, where: (SD) =
2.7 years, (min) =17 years, (max) =24 years.

Sample estimation: to determine the minimum
sample size to be statistically significant, a statistical pilot
study was applied on 15 subjects (who were selected
according to the criteria of selecting this study“s sample).
It has been found that descriptive statistics results follow
the normal distribution; therefore, determining the
minimum sample size to be statistically significant was
according to the following formula:

2

22

)(
.

e
Zn σ=

95.11
5

7.658.2
2

22
)()(

≈=n



21

ВЕРХНЕВОЛЖСКИЙ
ЖУРНАЛмедицинский

10. Articular Right (ArR): The intersection of the
connected outline between of the right maxillary
tuberosity (starting from the JR) and the lateral
outline of the right condyle [40, 41].

11. Articular Left (ArL): The intersection of the
connected outline between of the left maxillary
tuberosity (starting from the JL) and the lateral
outline of the left condyle [40, 41].

12. GWSO plane: A line connecting GWSO(R) and
GWSO(L) [41]. Left and right GWSO points were
used here, since they exhibited the least asymmetry
and the least vari-ability structure on the postero�
anterior cephalograms [36, 39].

13. M plane (Mid Sagittal Reference Plane at Crista
Galli). The midfacial line was drawn as a line
perpendicular to the line connecting GWSO(R) —
GWSO(L) through Cg [41–43].
The reference M plane and GWSO plane were used to

build the postero�anterior Cephalometric reference
coordinate system for liner measurements [41–43].

The x, y coordinates of the skeletal landmarks:
(CondR), (CondL), CoL(R), CoL(L), (ArR), (ArL)
(fig. 1) were measured and digitized. Assessment of
transverse and vertical frontal facial asymmetry was done
by comparing x, y coordinates of the skeletal landmarks
in the right side with its analog the left side in relation
to the postero�anterior Cephalometric reference
coordinate system. Furthermore, the x, y coordinates of
(CondR), (CondL), CoL(R), CoL(L), (ArR), (ArL)
were used to describe the position of left and right
mandibular condyles in relation to the postero�anterior
Cephalometric reference coordinate system.

Fig. 1. Reference planes and Landmarks and its (y) coordinates
on postero�anterior cephalograms

Fig. 2. The (X) coordinates OF the landmarks on postero�
anterior cephalograms

Landmarks, reference planes and measurements on
lateral cephalograms (fig. 2):
1. Sella turcica (S). The pituitary fossa of the sphenoid

bone (sella�center of sella turcica, determined by
inspection).

2. Nasion (N). The anterior part of the nasal frontal
suture.

3. Point A (A). The deepest midline point on the
premaxilla between the anterior nasal spine and the
upper incisor teeth (subspinale).

4. Point B (B). The deepest midline point on the
mandible between the lower incisor and the bony
chin point (supramentale).
ANB angle [43] was used in this study for assessing
skeletal jaw relationship in the sagittal plane. The
ANB angle is formed with the vertex at Nasion (N)
and two sides respectively extending to Point A, as
well as to Point B. In effect, the ANB angle is the
difference between the SNA and the SNB angles,
which usually used to assess skeletal positions of the
upper and the lower jaws, respectively [9, 44–47].
ANB angle still an accepted method of assessing the
sagittal jaw base relationship among different
populations [45] including the Syrian [47].

5. Articulare (Ar). The point of intersection of the
external dorsal contour of the mandibular condyle
and the temporal bone (or the junction of the
averaged posterior surface of the rami and the base
of the skull) [2, 48–50].

6. Condylion (Co). The top of the condylar head of the
mandible [50, 51].

7. Lateral Cephalometric reference coordinate
system: a horizontal plane HPL (S to N line), and
vertical plane VPL (line perpendicular to HPL
through S) were used to build a reference coordinate
system for liner measurements on lateral
cephalograms [9, 52].

8. To describe the mandibular condyle position on the
lateral cephalograms, the x, y coordinates of
Condylion landmark [12, 55] were measured and
digitized in relation to the cephalometric reference
coordinate planes (HPL, VPL), beside the liner
measurement: S�Ar [53].

Figure 3. Landmarks, reference planes and measurements
on lateral cephalograms
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Pearson’s Correlation test was performed to investi�
gate the relationship between the measurements descri�
bing the position of left and right mandibular condyles
on the postero�anterior cephalograms, and the measure�
ments describing the mandibular condyle position on the
lateral cephalograms. Results of this test are presented in
Table 3.

Error of method: to evaluate individual landmark
intraoperator reproducibility, same researcher redigitized
all cephalograms 1 month later using the same Audax�
Ceph software. Random and systematic errors were
calculated using the coefficient of reliability and a two�
sample t�test where the level of significance was 0,95 for
the random error values. None of the measurements
between the first and the second digitizing was found to
be statistically significantly different at the P < 0,1 for
systematic errors.

Statistical method. Using Microsoft Excel of Micro�
soft office 2013, t�Test analysis of the x, y coordinates of
left and right cephalometric landmarks on the postero�
anterior cephalograms was performed to verify face
transverse and vertical frontal facial symmetry. Furt�
hermore, Pearson’s Correlation Coefficient was calculated
to investigate the relationship between the measurements
describing the position of left and right mandibular
condyles on the postero�anterior cephalograms, and the
measurements describing the mandibular condyle posi�
tion on the lateral cephalograms.

Results

Descriptive statistics for cephalometric measure�
ments estimated of Jaws Rotation according to Bjоrk
(regardless of gender, male, female) are shown in Table 1
and Table 2.

To verify face transverse and vertical frontal sym�
metry, t�Test analysis ( = 0.05) of the x, y coordinates
of (CondR), (CondL), CoL(R), CoL(L), (ArR), (ArL)
was performed. No statistically significant differences was
found between the left and right measurements on the
postero�anterior cephalometric (Tab. 2).

 

TTTTTable 1able 1able 1able 1able 1. De. De. De. De. Dessssscriptive statistics fcriptive statistics fcriptive statistics fcriptive statistics fcriptive statistics for poor poor poor poor postersterstersterstero�ao�ao�ao�ao�anterinterinterinterinterior aor aor aor aor and snd snd snd snd sagital cephagital cephagital cephagital cephagital cephalometric mealometric mealometric mealometric mealometric meaaaaasssssurururururementsementsementsementsements
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 : Positive weak strength of correlation,  : Positive
Moderate strength of correlation. : Positive Strong
strength of correlation,  : Negative weak strength of

correlation.

Within all sample’s subjects, Pearson’s Correlation
test showed positive (but vary in strength) correlation
between cephalometric measurements determining the
vertical position of left and right mandibular condyles on
the postero�anterior cephalograms and the lateral
cephalograms liner measurement (S�Ar), it should be
noted that the x, y coordinates of the left and right
Articular showed the weaker correlation with the lateral
cephalograms liner measurement (S�Ar). Nevertheless,
the lateral cephalograms liner measurement (S�Ar)
showed weak correlation with cephalometric measure�
ments determining transverse position of left and right
mandibular condyles on the postero�anterior cephalo�
grams.

The x, y coordinates of Condylion landmark on the
lateral cephalograms showed weak correlation with
cephalometric measurements determining booth vertical
and transverse position of left and right mandibular
condyles on the postero�anterior cephalograms.

The results of Pearson’s Correlation test between the
measurements describing the mandibular condyle
positions on the postero�anterior cephalometric and the
measurements describing the mandibular condyle
position on the lateral cephalograms within all subjects
of the sample visually shown in Chart 1.

  CO-X CO-Y S-Ar 

CondR-X 0.07 0.39 0.35 
CondL-X 0.20 0.31 0.39 
CondR-Y 0.30 0.33 0.81  
CondL-Y 0.31 0.26 0.71 
CoL(L)-X �0.11 0.48 0.11 
CoL(R)-X �0.09 0.48 0.15 
CoL(R)-Y 0.42 0.18 0.70 
CoL(L)-Y 0.39 0.22 0.68 

ArR-X 0.40 0.09 0.33 
ArL-X 0.45 0.07 0.36 
ArR-Y 0.09 0.14 0.41 
ArL-Y 0.10 0.10 0.28 

ChChChChChararararart 1t 1t 1t 1t 1. . . . . The results of Pearson’s Correlation test between the
measurements describing the mandibular condyle positions on
the postero�anterior cephalometric and the measurements
describing the mandibular condyle position on the lateral

 cephalograms

Discussion

A great body of literature concerning the mandibular
condyle position according to sagittal skeletal relationship
concentrated on its spatial location in the glinoid fossa,
commonly in sagital plane [4, 15, 18, 55–58], Several
cephalometric researches inspected the condylar position
in the sagittal plane corresponding to cranial base,
orofacial complex [1, 2, 3], to the other TMJ’s elements,
and external auditory meatus [4, 5]. Whereas In the
frontal plane, cephalometric researches inspected the
most the influence of the condylar position in facial
asymmetry patients [6,7]. In the current investigation, the
relationship between the mandibular condyle position in
the sagittal and frontal planes by means of both postero�
anterior and lateral cephalograms amongst orthodonti�
cally non�treated skeletal class I adult females with no
facial asymmetry, no history of temporomandibular joint
disorders (nor any clinical signs of it) has been studied
So, objects of present study were subjected to meti�
culously and high accuracy of clinical examination to
exclude possible TMD’S patients. Moreover, since there
is a significant difference in the craniofacial skeleton as
a whole and in the transverse dimension of the TMJ
specifically are known to exist between modern human
males and females [54], the subject and goals of current
study were focused on objects of females. Further
investigation in this field must be attained for objects of
males.

In the present paper we have demonstrated that
amongst the liner lateral cephalometric measurements
S�Ar hade the strongest statistically significant
correlation with vertical position of left and right
mandibular condyles (booth Condylar and Condylion
lateral landmarks on the right and left sides have positive
statistical significant correlation) on the postero�anterior
cephalograms. This can be explained by the fact that
S�Ar as intersection of the external dorsal contour of the
mandibular condyle and the temporal bone, so once the
temporal bone, and hence the glenoid fossa, is displaced
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CONCLUSION

Amongst orthodontically non�treated skeletal class I
adult females with no facial asymmetry, no history of
TMDs, nor any clinical signs of it:
1. The liner lateral cephalometric measurements S�Ar

hade the strongest statistically significant correlation
with vertical position of left and right mandibular
condyles on the postero�anterior cephalograms.

2. The liner lateral cephalometric measurements S�Ar
have a positive statistical significant correlation with
vertical position of left and right mandibular
condyles on the postero�anterior cephalograms.

3. The left and right Articular on the postero�anterior
cephalograms showed the weaker correlation with
the position of mandibular condyles on the lateral
cephalograms.

4. The lateral cephalometric landmark Condylion have
weak correlation with the all measurements
determining booth vertical and transverse position
mandibular condyles on the postero�anterior
cephalograms.
Clinical significance. Since the condyle position is

one of the components of vertical and horizontal
malocclusions, we tried in this research to describe the
relation of condyle position to the cranial base in both
frontal and sagital planes amongst skeletal class I adult
females, so it can generally be considered an indicator in
diagnosis of a certain type of malocclusion. However, to
use the present data in a meaningful way, attention must
be paid to the necessary prerequisites for taking proper
postero�anterior cephalometric x�ray films particularly in
complicated orthodontics cases of facial asymmetry and/
or TMDs patients.

Limitation of Study. The limitations of present
study must be acknowledged because of the large
individual variation of the malocclusions and the
morphological characteristics depicted in these various
types of malocclusions. Moreover, a three�dimensional
analysis using CBCT can probably access the position of
mandibular condyles more accurately as compared to
two�dimensional cephalometric analysis and can be a
future possibility of research.

Funding. This research did not receive any specific
grant from funding in the public, commercial or not�for�
profit sectors.

References

1. Mengi A., Sharma V.P., Tandon P., Agarwal A., Singh
A. A cephalometric evaluation of the effect of glenoid
fossa location on craniofacial morphology. J Oral Biol
Craniofac Res. 2016; 6 (3): 204–212. doi: 10.1016/
j.jobcr.2016.06.004

2. Skieller V., Bjork A., Linde�Hansen T. Prediction of
mandibular growth rotation evaluated from a
longitudinal implant sample. Am J Orthod. 1984; 86
(5): 359–370. doi: 10.1016/s0002�9416(84)90028�9

3. Siriwat P.P., Jarabak J.R. Malocclusion and facial mor�
phology is there a relationship? An epidemiologic study.
Angle Orthod. 1985; 55 (2): 127–138. doi: 10.1043/
0003�3219(1985)055<0127:MAFMIT>2.0. CO;2

4. Ricketts R.M. Variations of the temporomandibular
joint as revealed by cephalometric laminagraphy. Am

downward and forward or backward and upward as a
result of the cranial base rotation and consequently
brings about changes in the mandibular position [26].
This was in agreement with Athanasiou who studied
postero�anterior cephalograms of healthy.588 Austrian
schoolchildren (157 girls and 431 boys, who were 6 to 15
years old) with various types of occlusions and did not
receive orthodontic or orthopedic therapy. Athanasiou
declared that there is no doubt that the growth in length
and height played a paramount role on the transverse
dentofacial structure [59]. However, S�Ar showed a weak
relationship with booth vertical and transverse position
of left and right postero�anterior cephalometric landmark
Ar. This could be due to the way of construction of
postero�anterior cephalometric landmark Articular
which it’s the intersection point of outline of maxillary
tuberosity and the lateral outline of the condyle. The
maxillary tuberosity doesn’t belong to the cranial base (as
the lateral cephalometric landmark Articular), it’s
related to the growth progression of the maxilla as a
whole, and to the process of the dentition of the upper
molars particularly [60]. Anyway, the lateral
cephalograms liner measurement (S�Ar) showed weak
correlation with cephalometric measurements deter�
mining transverse position of left and right mandibular
condyles on the postero�anterior cephalograms. This can
be explained by the fact that some aspects of the TMJ
appear to have developed in correlation with the
craniofacial region, while others develop independently
of it. The transverse dimension varies in accordance with
size�related factors such as gender and correlates highly
with other size related cranial measurements sagital�
related dimensions, on the other hand, remain constant,
as do some other cranial�base measurements [54]. For
example, much of the vertical ramal growth occurs at the
mandibular condyle with large impact on the sagittal
growth of the mandible and flattening of the facial profile
[61]. These differences in spatial constraints may in part
explain the differences noted in weak correlation of the
liner measurement (S�Ar) on the lateral cephalograms
with the measurements determining transverse position
of left and right mandibular condyles on the postero�
anterior cephalograms. Furthermore, the undeniably fact
that the facial growth has been reported to end first in
width, then in length, and finally in height [62] can be
an additional explanation of the weak correlation of the
liner measurement (S�Ar) with the measurements
determining mandibular condyles transverse position.

As mentioned previously, the results of our study
revealed a weak correlation between the x, y coordinates
of lateral cephalometric landmark Condylion and all
measurements determining booth vertical and transverse
position mandibular condyles on the postero�anterior
cephalograms. This could be due of using HPL (S to N
line) to build the lateral cephalometric reference
coordinate system, which is morphologically less stable
comparing with the GWSO plane we used to build the
postero�anterior cephalometric reference coordinate
system. No previous researches studied the relationship
of lateral cephalometric landmark Condylion with the
mandibular condyles position on the postero�anterior
cephalograms can be compare with.

..



25

ВЕРХНЕВОЛЖСКИЙ
ЖУРНАЛмедицинский

J Orthod. 1950; 36 (12): 877–898. doi: 10.1016/
0002�9416(50)90055�8

5. Adenwalla S.T., Kronman J.H., Attarzadeh F. Porion
and condyle as cephalometric landmarks—an error
study. Am J Orthod Dentofacial Orthop. 1988; 94
(5): 411–415. doi: 10.1016/0889�5406(88)90130�8

6. Rajpara Y., Shyagali T.R. An assessment of sexual
dimorphism in relation to facial asymmetry in
esthetically pleasing faces. Acta Inform Med. 2015;
23 (1): 44–48. doi: 10.5455/aim.2015.23.44–48

7. Bishara S.E., Burkey P.S., Kharouf J.G. Dental and
facial asymmetries: a review. Angle Orthod. 1994; 64
(2): 89–98. doi: 10.1043/0003�3219(1994)064<
0089:DAFAAR>2.0.CO;2

8. Baccetti T., Antonini A., Franchi L., Tonti M., Tollaro
I. Glenoid fossa position in different facial types:
a cephalometric study. Br J Orthod. 1997; 24 (1):
55–59. doi: 10.1093/ortho/24.1.55

9. Droel R., Isaacson R.J. Some relationships between
the glenoid fossa position and various skeletal
discrepancies. Am J Orthod. 1972; 61 (1): 64–78.
doi: 10.1016/0002�9416(72)90177�7

10. Hopkin G.B., Houston W.J., James G.A. The cranial
base as an aetiological factor in malocclusion. Angle
Orthod. 1968; 38 (3): 250–255. doi: 10.1043/0003�
3219(1968)038<0250:TCBAAA>2.0.CO;2

11. Agronin K.J., Kokich V.G. Displacement of the
glenoid fossa: a cephalometric evaluation of growth
during treatment. Am J Orthod Dentofacial Orthop.
1987; 91 (1): 42–48. doi: 10.1016/0889�5406
(87)90207�1

12. Buschang P.H., Santos�Pinto A. Condylar growth
and glenoid fossa displacement during childhood and
adolescence. Am J Orthod Dentofacial Orthop. 1998;
113 (4): 437–442. doi: 10.1016/s0889�5406(98)
80016�4

13. Schlueter B., Kim K.B., Oliver D., Sortiropoulos G.
Cone beam computed tomography 3D reconstruction
of the mandibular condyle. Angle Orthod. 2008; 78
(5): 880–888. doi: 10.2319/072007�339.1

14. Tyan S., Kim H.H., Park K.H., Kim S.J., Kim K.A.,
Ahn H.W. Sequential changes of postoperative
condylar position in patients with facial asymmetry.
Angle Orthod. 2017; 87 (2): 260–268. doi: 10.2319/
030916�203.1

15. Arieta�Miranda J.M., Silva�Valencia M., Flores�Mir
C., Paredes�Sampen N.A., Arriola�Guillen L.E.
Spatial analysis of condyle position according to
sagittal skeletal relationship, assessed by cone beam
computed tomography. Prog Orthod. 2013; 14: 36.
doi: 10.1186/2196�1042�14�36

16. Kim H.O., Lee W., Kook Y.A., Kim Y. Comparison of
the condyle�fossa relationship between skeletal class
III malocclusion patients with and without asym�
metry: a retrospective three�dimensional cone�beam
computed tomograpy study. Korean J Orthod. 2013;
43 (5): 209–217. doi: 10.4041/kjod.2013.43.5.209

17. Katsavrias E.G., Halazonetis D.J. Condyle and fossa
shape in Class II and Class III skeletal patterns: a
morphometric tomographic study. Am J Orthod
Dentofacial Orthop. 2005; 128 (3): 337–346. doi:
10.1016/j.ajodo.2004.05.024

18. Rodrigues A.F., Fraga M.R., Vitral R.W. Computed
tomography evaluation of the temporomandibular
joint in Class I malocclusion patients: condylar
symmetry and condyle�fossa relationship. Am J
Orthod Dentofacial Orthop. 2009; 136 (2): 192–198.
doi: 10.1016/j.ajodo.2007.07.032

19. Saccucci M., Polimeni A., Festa F., Tecco S. Do
skeletal cephalometric characteristics correlate with
condylar volume, surface and shape? A 3D analysis.
Head Face Med. 2012; 8: 15. doi: 10.1186/1746�
160X�8�15

20. Mathew A.L., Sholapurkar A.A., Pai K.M. Condylar
Changes and Its Association with Age, TMD, and
Dentition Status: A Cross�Sectional Study. Int J Dent.
2011; 2011: 413639. doi: 10.1155/2011/413639

21. Hiltunen K., Vehkalahti M.M., Peltola J.S., Ainamo
A. A 5�year follow�up of occlusal status and
radiographic findings in mandibular condyles of the
elderly. Int J Prosthodont. 2002; 15 (6): 539–543. 

22. Bumann A., Lotzman U. TMJ Disorders and
Orofacial Pain (Color Atlas of Dental Medicine).
Stuttgart�New York. Thieme; 2002: 360.

23. Bumann A., Groot Landeweer G., Brauckmann P.
Die Bedeutung der Fissurae petrotympanica,
petrosquamosa und tympanosquamosa fьr
Diskusverlagerungen im Kiefergelenk [The
significance of the fissurae petrotympanica,
petrosquamosa and tympanosquamosa for disk
displacements in the temporomandibular joint].
Fortschr Kieferorthop. 1991; 52 (6): 359–365.
German. doi: 10.1007/BF02166634

24. Crow H.C., Parks E., Campbell J.H., Stucki D.S.,
Daggy J. The utility of panoramic radiography in
temporomandibular joint assessment. Dentomaxillo�
fac Radiol. 2005; 34 (2): 91–95. doi: 10.1259/dmfr/
24863557

25. Katsavrias E.G., Dibbets J.M. The growth of articular
eminence height during craniofacial growth period.
Cranio. 2001; 19 (1): 13–20. doi: 10.1080/
08869634.2001.11746146

26. Bjоrk A. Cranial base development: a follow�up x�ray
study of the individual variation in growth occurring.
American Journal of Orthodontics. 1955; 41 (3):
198–225.

27. Bjоrk A. Variations in the growth pattern of the
human mandible: longitudinal radiographic study by
the implant method. J Dent Res. 1963; 42 (1) Pt 2:
400–411. doi: 10.1177/00220345630420014701

28. Quintero J.C., Trosien A., Hatcher D., Kapila S.
Craniofacial imaging in orthodontics: historical
perspective, current status, and future developments.
Angle Orthod. 1999; 69 (6): 491–506. doi: 10.1043/
0003�3219(1999)069<0491:CIIOHP>2.3.CO;2

29. Manea C. Crista galli sinusitis — a radiological
impression or a real clinical entity. Romanian Journal
of Rhinology. 2016; 6: 23.

30. Sahoo S.K., Ghuman M.S., Salunke P., Vyas S., Bhar
R., Khandelwal N.K. Evaluation of anterior third of
superior sagittal sinus in normal population:
Identifying the subgroup with dominant drainage.

СТОМАТОЛОГИЯСТОМАТОЛОГИЯСТОМАТОЛОГИЯСТОМАТОЛОГИЯСТОМАТОЛОГИЯ

..

..



Том 22, № 3, 2023

26

ВЕРХНЕВОЛЖСКИЙ
ЖУРНАЛмедицинский

45. Boskovic�Brkanovic T., NIikolic Z. Correlation
between Five Parameters for the Assessment of
Sagittal Skeletal Intermaxillary Relationship. Serbian
Dental J. 2007; 54: 231–239.

46. Zupancic S., Pohar M., Farcnik F., Ovsenik M.
Overjet as a predictor of sagittal skeletal
relationships. Eur J Orthod. 2008; 30 (3): 269–273.
doi: 10.1093/ejo/cjm130

47. Ahmad S., Jahjah Y.T. Comparison of Different
Sagittal Dysplasia Indicators in a Sample from Syrian
Population. International Journal of Biomedical Science
and Engineering. 2016; 4 ( 2): 7–12. doi: 10.11648/
j.ijbse.20160402.11

48. Bjоrk A., Skieller V. Facial development and tooth
eruption. An implant study at the age of puberty. Am
J Orthod. 1972; 62 (4): 339–383. doi: 10.1016/
s0002�9416(72)90277�1

49. Jarabak J.R. Technigue and treatment with light�wire
edgewise appliance. St Louis: CV Mosby; 1972: 15–18.

50. Dumas A.L., Moaddab M.B., Willis H.B., Homayoun
N.M. A tomographic study of the condyle/fossa
relationship in patients with TMJ dysfunction.
J Craniomandibular Pract. 1984; 2 (4): 315–325. doi:
10.1080/07345410.1984.11677875

51. Gianelly A.A., Hughes H.M., Wohlgemuth P., Gildea
G. Condylar position and extraction treatment. Am J
Orthod Dentofacial Orthop. 1988; 93 (3): 201–205.
doi: 10.1016/s0889�5406(88)80004�0

52. Figueroa A.A., Polley J.W., Friede H., Ko E.W. Long�
term skeletal stability after maxillary advancement
with distraction osteogenesis using a rigid external
distraction device in cleft maxillary deformities. Plast
Reconstr Surg. 2004; 114 (6): 1382–1392; discussion
1393�4. doi: 10.1097/01.prs.0000138593.89303.1b

53. Hedge S., Patil A.K., Revankar A. Evaluating condylar
position in different skeletal malocclusion patterns: A
cephalometric study. APOS Trends in Orthodontics.
2015; 5 (3): 111. doi: 10.4103/2321�1407.155837

54. Wish�Baratz S., Hershkovitz I., Arensburg B.,
Latimer B., Jellema L.M. Size and location of the
human temporomandibular joint. Am J Phys
Anthropol. 1996; 101 (3): 387–400. doi: 10.1002/
(SICI)10 96�8644(199611)101:3<387::AID�
AJPA7>3.0.CO;2�W

55. Cohlmia J.T., Ghosh J., Sinha P.K., Nanda R.S.,
Currier G.F. Tomographic assessment of temporo�
mandibular joints in patients with malocclusion.
Angle Orthod. 1996; 66 (1): 27–35. doi: 10.1043/
0003�3219(1996)066<0027: TAOTJI> 2.3. CO;2

56. Dalili Z., Khaki N., Kia S.J., Salamat F. Assessing
joint space and condylar position in the people with
normal function of temporomandibular joint with
cone�beam computed tomography. Dent Res J
(Isfahan). 2012; 9 (5): 607–612. doi: 10.4103/1735�
3327.104881

57. Henriques J.C., Fernandes Neto A.J., Almeida Gde
A., Machado N.A., Lelis E.R. Cone�beam tomography
assessment of condylar position discrepancy between
centric relation and maximal intercuspation. Braz
Oral Res. 2012; 26 (1): 29–35. doi: 10.1590/s1806�
83242011005000017

J Neurosci Rural Pract. 2016; 7 (2): 257–261. doi:
10.4103/0976�3147.176201

31. Lee K.H., Hwang H.S., Curry S., Boyd R.L., Norris
K., Baumrind S. Effect of cephalometer misalignment
on calculations of facial asymmetry. Am J Orthod
Dentofacial Orthop. 2007; 132 (1): 15–27. doi:
10.1016/j.ajodo.2005.06.039

32. McIntyre G.T., Mossey P.A. Asymmetry of the
craniofacial skeleton in the parents of children with
a cleft lip, with or without a cleft palate, or an isolated
cleft palate. Eur J Orthod. 2010; 32 (2): 177–185.
doi: 10.1093/ejo/cjp067

33. Sassouni V. The Face in Five Dimensions. West
Virginia University: Morgantown; 1962: 227.

34. Kyrkanides S., Klambani M., Subtelny J.D. Cranial
base and facial skeleton asymmetries in individuals
with unilateral cleft lip and palate. Cleft Palate
Craniofac J. 2000; 37 (6): 556–561. doi: 10.1597/
1545�1569_2000_037_0556_cbafsa_2.0.co_2

35. Peck S., Peck L., Kataja M. Skeletal asymmetry in
esthetically pleasing faces. Angle Orthod. 1991; 61
(1): 43–48. doi: 10.1043/0003�3219(1991)061<
0043:SAIEPF>2.0.CO;2

36. Yang�Powers L.C., Sadowsky C., Rosenstein S.,
BeGole E.A. Treatment outcome in a graduate
orthodontic clinic using the American Board of
Orthodontics grading system. Am J Orthod
Dentofacial Orthop. 2002; 122 (5): 451–455. doi:
10.1067/mod.2002.128464

37. Damstra J., Fourie Z., Ren Y. Evaluation and
comparison of postero�anterior cephalograms and
cone�beam computed tomography images for the
detection of mandibular asymmetry. Eur J Orthod.
2013; 35 (1): 45–50. doi: 10.1093/ejo/cjr045

38. Ranly D.M. A synopsis of craniofacial growth. 2nd
ed. Norwalk (Conn): Appleton & Lange; 1988 : 225.

39. Yen P.K.J. Identification of landmarks in cephalo�
metric radiographs. Angle Orthod. 1960; 30: 35–41.

40. Huertas D., Ghafari J. New posteroanterior
cephalometric norms: a comparison with craniofacial
measures of children treated with palatal expansion.
Angle Orthod. 2001; 71 (4): 285–292. doi: 10.1043/
0003�3219(2001)071<0285:NPCNAC>2.0.CO;2

41. I  eri H., Ki  ni  ci R., Altug�Atac A.T. Ten�year follow�
up of a patient with hemifacial microsomia treated
with distraction osteogenesis and orthodontics: an
implant analysis. Am J Orthod Dentofacial Orthop.
2008; 134 (2): 296–304. doi: 10.1016/j.ajodo.2006.
12.014

42. Lee H.J., Lee S., Lee E.J., Song I.J., Kang B.C., Lee
J.S., Lim H.J., Yoon S.J. A comparative study of the
deviation of the menton on posteroanterior
cephalograms and three�dimensional computed
tomography. Imaging Sci Dent. 2016; 46 (1): 33–38.
doi: 10.5624/isd.2016.46.1.33

43. Al�Gunaid T., Yamaki M., Takagi R., Saito I. Soft and
hard tissue changes after bimaxillary surgery in
Japanese class III asymmetric patients. J Orthod Sci.
2012; 1 (3): 69–76. doi: 10.4103/2278�0203.103865

44. Riedel R.A. Relation of maxillary structures to the
cranium in malocclusion and in normal occlusion.
Angle Orthod. 1952; 22 (3): 142–145.

º º º

..



27

ВЕРХНЕВОЛЖСКИЙ
ЖУРНАЛмедицинский

58. Rodrigues A.F., Fraga M.R., Vitral R.W. Computed
tomography evaluation of the temporomandibular
joint in Class II Division 1 and Class III malocclusion
patients: condylar symmetry and condyle�fossa
relationship. Am J Orthod Dentofacial Orthop. 2009;
136 (2): 199–206. doi: 10.1016/j.ajodo.2007.07.033

59. Athanasiou A.E., Droschl H., Bosch C. Data and
patterns of transverse dentofacial structure of 6� to
15�year�old children: a posteroanterior cephalo�
metric study. Am J Orthod Dentofacial Orthop. 1992;
101 (5): 465–471. doi: 10.1016/0889�5406(92)
70121�P

60. Enlow D.H. A morphogenetic analysis of facial
growth. Am J Orthod. 1966; 52 (4): 283–299. doi:
10.1016/0002�9416(66)90169�2

61. Snodell S.F., Nanda R.S., Currier G.F. A longitudinal
cephalometric study of transverse and vertical
craniofacial growth. Am J Orthod Dentofacial
Orthop. 1993; 104 (5): 471–483. doi: 10.1016/0889�
5406(93)70073�W

62. Proffit W.R. Contemporary orthodontics. St Louis:
CV Mosby. 1993: 87–104.

Yazan Jahjah (the contact person) — Asst. Professor
at Orthodontics and Dentofacial Orthopedic Depart�
ment, Dental School at Tishreen University (Syria,
Lattakia City); e�mail: yazanortho@hotmail.com

Article received 22.05.2023.

СТОМАТОЛОГИЯСТОМАТОЛОГИЯСТОМАТОЛОГИЯСТОМАТОЛОГИЯСТОМАТОЛОГИЯ


