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INTRODUCTION
Th e temporomandibular joint is a fundamental articulation 

for professionals performing orthodontic treatments. It is made 
up of osseous tissues (mandibular condyle and fossa) and soft  
tissues (articular disc, ligaments, capsule and surrounding tissues). 
Knowledge of these anatomical structures is fundamental for 
diagnosing TMJ tissue pathologies.

Sectional studies in sagittal, frontal and horizontal planes of the 
temporomandibular joint allowed a three-dimensional analysis of the 
TMJ and the joint capsule in relation with surrounding structures. 
Posteromedial sagittal section cuts of the mandibular condyle show 
the superior lamina strongly attached to the petrotympanic fi ssure, 
where some fi bers extend through it, their insertion terminating in 
the anterior ligament of the hammer. Th e thinner inferior lamina is 
attached to the medial region of the pterygoid muscle fascia. Laterally, 
it inserts into the neck of the mandible and into the mandibular 
condyle. Th e retrodiscal area presents loose connective tissue, with 
lobules of fatty tissue, and it contains a venous plexus and numerous 
nerve fi bers [1]. It is vascularized by atrial, anterior tympanic and 
superfi cial temporal arteries, and innervated by the temporal auricular 
nerve [2]. It is the underlying posterior nutritional pole, given the 
existence of vascular plexuses that allow nutrition and hydration of 
the articulation, where a large number of cells constituting synovial 
fl uid elements are also found [3].

Hard and soft  tissues [4], may be altered by diff erent etiological 
agents. Th e mandibular condyle may present shape and position 
alterations [5]. Position alterations, such as posterior disc displacement, 
have been correlated as causal factors of temporomandibular joint 
symptomatology and pathology [6-11].

Diff erent imaging methods are employed to study hard 
structures: transcranial radiographs [12,13]. Laminographies [14,15]. 
Linear computed tomography [16,17] and Cone Beam Computed 
Tomography (CBCT) [18-20]. High resolution CBTC multiplanar 
images provide essential information for diagnosing TMJ pathologies 
with substantially lower radiation doses compared to helical 
computed tomography, allowing the evaluation of TMJ anatomy 
without overlapping or distortion of morphology and the articular 
space. CBCT is eff ective in evaluating bone structures of the TMJ and 
their pathological alterations [18].

TMJ cephalometry allowed positional three-dimensional study of 
the mandibular condyle in relation to the mandibular fossa, in sagittal 
[6,14,16,17,21-26] and coronal planes [21,27-31].

Th e treatment of TMJ pathologies through the use of Electronic 
Mandibular Deprogramming, validated by Surface Electromyography, 
allows the use of a muscular position as a correct benchmark of the 
mandible to approach orthodontic treatment [32-34].

Although these parameters provided better results and more 
stability, doubts about condyle position in the mandibular fossa 
always remained. 

Th e present research aims to determine the three-dimensional 
condylar position within the mandibular fossa in post-treatment 
patients with TMJ disorders based on CBCT images. 

METHOD AND MATERIALS
Nineteen consecutive patients previously treated for their 

temporomandibular pathologies were studied by CBCT images and 
Dolphin Imaging Soft ware 11.7, permitting the Second Phase of the 
treatment [Figure 1,2].

TMJ pre-orthodontic, cephalometric and routine tests were 
indicated. Patients were informed about procedures and consented to 
the present study. In the diff erential diagnosis of temporomandibular 
joint pathology, age and sex were not signifi cant for this investigation. 
A total of 38 joints were evaluated as independent units [Figure 
3a,b,c].

  ABSTRACT
The temporomandibular joint is a fundamental articulation for professionals performing orthodontic treatments. Different etiologic 

agents may alter hard and soft tissues. Treatment of TMJ pathologies through Electronic Mandibular Deprogramming, validated by 
surface electromyography, allows a muscle position to be used as a correct benchmark of the mandible to initiate an orthodontic 
treatment.  Although these parameters offer better results and more stability, doubts about condyle position in the mandibular fossa 
always remained. The objective was to determine the three-dimensional condylar position in the mandibular fossa of post-treatment 
patients with TMJ disorders based on Cone Beam Computed Tomography (CBCT) images. 

CBCT images of 19 patients treated for TMJ pathologies were studied and analyzed through high-resolution image software (Dolphin 
Imaging 11.7) for diagnosis. A total of 38 articulations were analyzed through sagittal and coronal cephalograms. Results showed that, 
in the sagittal plane, the anteroposterior position of the condylar axis was in mesial relationship to the center of the mandibular fossa, 
while in the coronal plane, statistical evidence enabled validation of the condylar centric position. Cephalometry allowed determination 
of the three-dimensional condylar position in patients treated for articular pathology. The present study provides information that may be 
considered as a criterion to complement the orthodontic diagnosis.

Figure 1: Right hemi cranium view obtained by reconstruction.
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Sagittal Cephalogram

In a previous research a cephalometric tracing was described 
through the TMJ sagittal plane [15-35]. For the present research two 
factors were applied to determine the condylar relationship (Figure 
3a). 

Vertical relationship: defi ned as the distance between two 
parallels to the reference plane. It extends from the most inferior 
point of the external auditory meatus (point C), to the most inferior 
point of the articular eminence (point A), tangent to the uppermost 
point of the mandibular fossa and condylar head. 

Anteroposterior relationship of the axis: described as the 
relation between the linear distance from point A to point E ‘and 
the linear distance from point A to point C on the reference plane, 
determining a percentage relationship postulated in the following 
formula:
Point E’ anteroposterior relationship = (distance A _ E’ / 
distance A _C) * 100 = %

Coronal cuts were analyzed on a new tracing: 

Coronal Cephalogram

1. Analysis of the Articular Space (Figure 6).

Cephalogram construction

1. Point C1, external pole, the outermost point of the mandibular 
condyle 

2. Point C2, internal pole, the innermost point of the mandibular 
condyle 

3. Coronal axis of the condylar head, plane which cuts the 
external and internal poles of the condyle 

4. Point C3, condylar center, point equidistant to the external 
and internal poles, traced on the coronal plane

Figure 2: Screen printing of the software image used as a planning and 
diagnostic tool, in which images similar to those used to conduct research, 
were observed.

Figure 3a-c: CBCT images analyzed with Dolphin Imaging 11.7 Software. 
Sagittal cut 1 - a, coronal cuts1 - b and 1 - c
CBTC images were obtained in patients with their Intraoral Devices (IODs) 
at maximum occlusion. The dimensions and location of the IODs were 
established after evaluation by Electronic Deprogramming and Surface 
Electromyograph.

Figure 4a-c: Hard structures. Sagittal view a. Coronal views b - c
Taking as a reference the major condylar axis in a horizontal plane, a sagittal 
cut was reconstructed, which indicates the following sections: external 
auditory meatus, articular eminence, mandibular condyle, fossa and 2/3 
of the mandibular ramus (Figure 4a). Acoronal cut shows the mandibular 
condyle, neck, fossa, and 2/3 of the mandibular ramus (Figure 4 b-c).

Figure 5: Sagittal Cephalogram construction: Reference plane extending 
from point A - C, and mandibular condyle axis can be observed. Point E´, 
intersection of the reference plane and condylar head axis.

Figure 6: Construction of the coronal Cephalogram to study the articular 
space in sagittal and horizontal planes. Note the condyle centric position 
within the mandibular fossa.
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5. Plane perpendicular to point C3, perpendicular to the 
condylar coronal plane

6. Point C4 superior point of the condyle, intersection of the 
plane perpendicular to point C3, on the superior border of 
the condyle

7. Point F1 superior point of the mandibular fossa, plane 
intersection perpendicular to point C3 and the border of the 
mandibular fossa

8. Point C5, equidistant to point C3, center of the condyle and 
the superior point of the mandibular fossa, point C5 traced 
on the perpendicular plane

9. Plane parallel to the coronal plane of the condyle, which cuts 
C5 

10. Point C6, intersection of the parallel plane and the superior 
external border of the condyle

11. Point C7, intersection of the parallel plane and the superior 
internal border of the condyle

12. Perpendicular external to the coronal plane, intersection with 
point C6 

13. Perpendicular internal to the coronal plane, intersection with 
point C7 

14. Point F2, intersection from the parallel to the coronal plane 
and the external border of the mandibular fossa

15. Point F3, plane intersection parallel to the coronal plane and 
the internal border of the mandibular fossa 

16. Point F4, intersection of the external perpendicular and the 
superior border of the mandibular fossa 

17. Point F5, intersection of the internal perpendicular and the 
superior border of the mandibular fossa

Cephalometric analysis

Vertical Relationship: 

1. Superior external articular space, linear distance between 
points F4 andC6.

2. Superior medial articular space, linear distance between 
points C4 and F1. 

3. Superior internal articular space, linear distance between 
points C7 and F5. 

Horizontal Relationship: 

1. External articular space, linear distance between points C6 
and F2. 

2. Internal articular space, linear distance between points C7 
and F3.

Direction analysis of themandibular condyle: Construction of 
the mandibular condyle neck axis: Figure 7-a-b 

1. External plane, plane adapted to the external border of the 
neck and the superior mandibular ramus. 

2. Point S, point on the internal border of the condylar neck at 
its upper and narrower portion, as it changes from straight to 
oblique, in an upward and inward direction.

3. Perpendicular to the external plane, which cuts point S. 

4. Point E, equidistant to Point S and the plane external of the 
neck and ramus. 

5. Neck axis of the condylar head, a plane parallel to the external 
plane which cuts point E.

Construction of the condylar axis: Condylar axis, a plane which 
cuts points C3 (condylar center) and E.

Cephalometric analysis

1. Direction angle of the condyle, the angle formed by the neck 
and condylar axes. In the coronal cut, each section of articular 
space analysis was defi ned as a population:

2. Superior external articular space

3. Superior medial articular space

4. Superior internal articular space

5. External articular space

6. Internal articular space.

STATISTICS
A possibility of retaining the mean equality hypothesis between 

populations was analyzed: (a) superior external articular space - 
superior medial articular space. (b) Superior medial articular space 
- internal medial articular space. (c) External articular space - internal 
articular space. Th e null hypothesis is postulated, that is, the absence 
of diff erence in the articular space between sections of the coronal 
plane.

Th e hypothesis test was carried out using the Student’s t-test of 
equality in means. A 5% error probability level was set by rejecting the 
null hypothesis, (p < 0.05).

RESULTS
Th e cephalometric results of 19 patients treated for their 

temporomandibular joint pathologies are presented. A total of 38 
joints were studied through CBCT images and analyzed with Dolphin 
Imaging Soft ware 11.7, utilizing sagittal and coronal cephalograms. 
(Tables 1 and 2)

Results of the hypothesis test allow the following conclusions:

 Statistical evidence does not allow retention of the null 

  
Figure 7a,b: Coronal direction analysis of the condyle. Note the difference 
in the degree of internal rotation in articulation b, compared to articulation c.
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hypothesis that the mean of the articular space is diff erent for 
the superior articular space to the superior external articular 
space, p> 0.05 (not signifi cant). 

 Statistical evidence does not allow the retention of the null 
hypothesis that the mean of the articular space is diff erent for 
the superior articular space to the superior internal articular 
space, p> 0.05 (not signifi cant). 

 Statistical evidence does not support the hypothesis that 
the mean of the articular space is diff erent for the external 
articular space to the internal articular space, p > 0.05 (not 
signifi cant).

DISCUSSION
For years, dentistry used occlusal positions as a gold standard for 

the correct mandibular position in orthodontic diagnoses, although 
dental alterations may lead to anomalous mandibular positions [36-
38]. Studies to determine the condylar position through records of 
centric relation, showed that the condyles moved to a superior and 

posterior position within the mandibular fossa, this being a non-
physiological position and a misconception [39-41].

Nineteen patients treated for TMJ pathologies were studied with 
the use of Electronic Mandibular Deprogramming and validated 
by Surface Electromyography, which allowed the use of a muscular 
position as a correct benchmark of the mandible to approach 
orthodontic treatment [32-34].

CBCT images were studied and analyzed with high-resolution 
image soft ware (Dolphin Imaging 11.7) for diagnosis. A total 
of 38 articulations were analyzed through sagittal and coronal 
cephalograms.

CBTC high quality images allow diagnosis of condylar shape 
alterations, osteophytes, erosions, fractures, ankylosis, developmental 
abnormalities and condylar position changes within the fossa. Th e 
examination time is shorter and the patient dose is lower than with 
conventional CT. It may therefore be considered as the imaging 
technique of choice when investigation of bone changes of the TMJ is 
the task at hand [19].

Honda K, et al. [42], compared the diagnostic reliability of 
CBCT and helical computed tomography (helical CT) for the 
detection of osseous abnormalities of the mandibular condyle, using 
macroscopic observations. Twenty-one temporomandibular joint 
autopsy specimens underwent imaging with CBCT and helical CT. 
Th e specimens were macroscopically evaluated for cortical erosion, 
osteophytosis and sclerosis. Macroscopic observations and imaging 
fi ndings show that CBCT is a dose-eff ective and a cost- eff ective 
alternative to helical CT for the diagnostic evaluation of TMJ osseous 
abnormalities.

Th e morphology of the mandibular fossa can be studied through 
CBTC images. Th e inclination of the articular eminence, height and 
thickness of the mandibular fossa roof were analyzed according to 
age, gender and bone fi ndings of osteoarthritis and condylar shape. 

Th e inclination of the articular eminence and the height of the 
fossa were greater in males. Th e thickness of the mandibular fossa was 
greater with the presence of osteophytes and erosion in the condyle 
[43]. Moreover, the inclination tends to be higher in patients without 
TMJ dysfunction [44].

Pathological alterations of the condylar head, such as surface 
alterations, degenerative changes, bifi d condyle and fractures can be 
accurately diagnosed through CBTC images [45-48]. Surface changes 
were common in patients with TMJ disorders and signifi cantly 
associated with age [48].

Th e description of independently studied axes of the mandibular 
condyle and ramusin coronal planes, allowed study of three-
dimensional changes in the condyle and ramus, aft er vertical ramus 
osteotomy [28]. In a coronal plane, perpendicular to the Frankfort 
Horizontal (FH) plane, the following angles were constructed:

1 - Coronal condylar angle: the angle between the FH plane and 
the long condylar axis (the line between the most medial and lateral 
points). 2- Coronal ramus angle: the angle formed between the FH 
plane and the line tangentto the lateral border of the ramus.

In the proposed coronal cephalogram, the direction angle of the 
mandibular condyle allowed study of its morphology. Th e angle is 
formed between the condylar axis and the ramus. Th e cephalogram 
interpretation allows study of the degree of internal or external 

Table 1: Results of cephalometric factors in sagittal plane.

Sagittal Cephalogram

Variable Number of 
observations Mean Variance Standard 

deviation
Anteroposterior 
axis relationship 38 47.6 % 12.4 3.6 %

Vertical 
relationship 38 2.7 mm 0.9 0.9

Table 2: Results of cephalometric factors in coronal plane.

Coronal Cephalogram

Variable Number of 
Observations Mean Variance Standard 

Deviation
External Articular 

Space 35 2.2 mm 0.8 0.9

Superior External 
Articular Space 38 2.3 mm 0.6 0.8

Superior Medial 
Articular Space 38 2.7 mm 0.9 1

Superior Internal 
Articular Space 38 2.7 mm 1.3 1.1

Internal Articular 
Space 38 2.6 mm 1 1

Condylar Head 
Direction 38 8.7º 32.9 5.7

Since the external wall tracing of the mandibular fossa was absent, Point F2 
could not be traced, therefore a total of 35 external articular spaces were studied.

Table 3: Difference in means T-test.

Mean Hypothesis Test

Variable Population T - statistic Critical Value
a = 5% Decision

Articular 
space

(a)
Superior External -

Superior Medial
-1.7 -2.00

p > 0.05 (not 
signifi cant)

Articular 
space

(b)
Superior Medial -
Superior Internal

-0.1 -2.00
p > 0.05 (not 
signifi cant)

Articular 
space

(c)
External - Internal

-1.6 -2.00
p > 0.05 (not 
signifi cant)
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inclination of the condyle with the mandibular ramus. Th e values 
obtained were: 8.7° mean 5.74° s / d and 32.9 variance.

In a previous study, a cephalogram was developed in sagittal 
plane that allowed analysis of the mandibular condyle position, with 
references distant from the articular surface, since the mandibular 
condyle may suff er shape alterations [15]. Th e following factors 
were utilized: Point E’ anteroposterior proportion is indicative of the 
anteroposterior position of the condyle in the mandibular fossa. A 
50% value was considered as center of the mandibular fossa in an 
anteroposterior sense, and described as the point equidistant between 
the inferior point of the articular eminence and the inferior point of 
the external auditory meatus.

Values were: 47.6% mean, and 3.56% s/ d, which indicate that 
the anteroposterior location of the condylar head axis was in mesial 
relationship to the equidistant point. 

Th e vertical relationship is a linear measurement from the 
inferior point of the mandibular fossa to the uppermost section of 
the condylar head, these values are indicative of the superior articular 
space, which was 2.7 mm media, 0.93 s/ d.

Th e coronal cephalogram developed in the present study allowed 
the analysis of the superior articular space in three sections: the 
superior external, superior middle, and superior internal articular 
spaces, these were: 2.3 mm 0.8 s/ d, 2.7mm 0.95 s/ d and 2.7 mm 1.1 
s/ d. In a horizontal relationship, the external and internal articular 
spaces, had values of 2.2 mm 0.9 s/ d and 2.6 mm 1 s/ d, respectively.

Th e statistical evidence allowed retention of the mean equality 
hypothesis of the articular space in a coronal sense, showing that the 
position of the condyle was centered within the mandibular fossa. 
Th ese values may be referential to determine the position of the 
mandibular condyle in patients who initiate orthodontic treatments.

Owen [13], states that “In the ideal situation, every orthodontic 
case would be fi nished with optimal skeletal and soft  tissue balance, 
with adequate anterior guidance, and with the condyles positioned 
in a physiologically acceptable range”. For the author, the concentric 
position is ideal for the majority of patients. Th e treatment would be 
completed when the condyles are located in a therapeutic area, being 
Owen’s description their posterior limit, and Geld’s [49,50] their 
anterior limit.

Ricketts refers to the correct functional position as the 
physiological centric positions i.e., when maximum inter cuspation 
occurs with the centric condylar position: the centric condylar 
position and centric occlusion coincide [51].

Th e results of our investigation are validated by Dalili Z [29], who 
studied the three-dimensional condyle position in CBCT images of 
40 patients with normal temporomandibular joint and class I skeletal 
pattern. Th e condylar position was analyzed in the sagittal plane, 
studying the superior, anterior and posterior articular space. In a 
coronal plane, the medial and lateral articular space was analyzed. 
Research has shown that the centric condylar position in the fossa 
is the most common position in patients with normal function. 
Alterations of the condylar position in sagittal and coronal planes are 
interpreted as pathologies.

Mazzetto MO, et al. [52], analyzed the condylar position within 
the fossa in patients with signs and symptoms of temporomandibular 
disorders through CBCT. He studied the position of the condyle 
in a sagittal view, making linear measurements of the anterior, 
superior and posterior articular spaces. Results showed that there 
was a great variation in the condylar position, with a predominance 

of the posterior position in patients with signs and symptoms of 
temporomandibular pathology.

Ikeda K, et al. [30], confi rmed that changes in disc position are 
represented by alterations in the condylar position, in both sagittal and 
coronal planes. Th e magnitude and direction of the disc displacement 
can be estimated from the distance of the articular space displayed in 
CBCT.

CONCLUSION
Th e use of cephalometry in sagittal and coronal planes, applied to 

a population of patients treated for temporomandibular pathologies, 
allowed a defi nition of the three-dimensional condylar position 
within the mandibular fossa. Results showed that in a sagittal plane 
the condylar axis was in mesial relation to the fossa, and in a coronal 
plane, statistical evidence confi rms the centric condylar position 
within the fossa. Th e present study provides information that may be 
considered as a criterion to complement the orthodontic diagnosis.
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