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SUMMARY

The condyle has a special multidirectional capacity for the growth and adaptive remodeling
of temporomandibular joint (TMJ). Being  part of TMJ  structure,  it  plays an important  role
in the stability of long-term treatment results for orthodontic and orthognatic patients with
Class II division 1 subdivision malocclusions. Several computed tomography (CT) investigation
modes have been used to evaluate the craniofacial morphology and particularly, for TMJ.
Dimensional images, acquired using  new generation multislice CT (MSCT) and cone beam
CT scanning  data,  are becoming increasingly popular   in the clinical work and research.
The aim of the study was to develop a new CT investigation protocol for the quantification
of morphological structures and skeletal landmarks of condyle, procesus condylaris and
mandible. For this purpose we created two dimensional (2D) and  three dimensional (3D)
reconstruction images  from primary  axial MSCT scans using IAC review and Transparent
bone programms and acquired accordant measurements of condylar and mandibular structures.
This technic allowed to get truly volumetric  reflexion of the joint components in its real
anatomical size and avoided the bony superimpositions. Our material included 12 patients
with skeletal Class II division 1 subdivision malocclusion who had indications for combined
orthodontic and orthognatic treatment. CT examination was performed before the start of
treatment. For statistical analysis paired Student t-tests were applied to test the diferences
of mean values and correlation coefficients were calculated to assess possible interrelations
between measurements. The preliminary results showed weak corrrelation between condylar
and mandibular measurements. More significant correlation was observed between procesus
condylaris and mandible. It was a significant difference between right and left side in the
height of procesus condylaris in patients without clinicaly relevant  facial asymetry which
could be considered in the individual planning of orthognatic treatment.

Conclusion. The developed combined 2D and 3D MSCT investigation protocol for
condylar and mandibular measurements  provides  precise  and demonstrative quantitative
images of  condylar and mandibular structures and its dimensional relationships., which
could be qualified as informative criteria for the individual treatment planning for patients
with Class II division 1 subdivision malocclusion.
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INTRODUCTION

The condyle has a special multidirectional
capacity for the growth and adaptive remodeling in
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selective response to varied mandibular displacement
movement and rotations. The adaptive capacity of

mailto:krisjane.zane@inbox.lv


6 8 Stomatologija, Baltic Dental and Maxillofacial Journal, 2007, Vol. 9, No. 3

condyle involves the entire ramus.  The ramus is an
important anatomic part directly involved in growth
compensations [1].

During the growth and in response to orthodontic
treatment the mandibular rami and condyle develop
in many directions relative to all possible individual
variations. The evidence that rami and condyles
might play adaptive role in the skeletal growth and
response to treatment comes from the findings of
implant studies [2].

Changes in occlusion (orthodontics, orthognatic
surgery) could contribute to remodeling of the
articular structures of the TMJ and could be a reason
for condylar resorption and changes in the
mandibular structure [3, 4].

Previously morphological characteristics of
temporomandibular joint and particularly condyle and
mandible in association with malocclusion have been
studied with various imaging modalities. Several
studies have been conducted for the examination of
condyle and fossa articulare morphology using
panoramotomography and standardized lateral
tomogram [5, 6, 7, 8, 9, 10]. Nevertheless, quantitative
measurements of this structure on conventional
radiological images are difficult because of
magnification differences, topography of adjacent
anatomical structures and image distortions [8, 9, 11,
12].

The diagnostic accuracy with conventional 2D
radiography is limited because of difficulties in
imaging of the point – the location of condyle within
cranial base results in bony superimpositions and
structural distortions in film techniques [13].

2D and 3D CT craniofacial imaging techniques
are becoming increasingly popular and have opened
new possibilities in orthodontics. New generation
3D method based on MSCT scanning have been
recently introduced and have already made a
distribution to dentofacial imaging [14, 15]. It’s
proposed that 3D imaging could be an effective
method for assessment of condylar and mandibular
morphology in the predicting of mandibular rotation
and quantifying outcomes of orthodontic treatment
and orthognathic surgery [16, 17].

Aim
The aim of our study was to develop a new

MSCT investigation protocol with appropriate 2D
and 3D images reconstructions and measurements
algorithm, valid for the quantification of
morphological structure and skeletal landmarks of
the condyle, processus condylaris and mandible in
patients with Class II division 1 subdivision
malocclusion.

MATERIAL AND METHOD

Twelve patients (9 women and 3 men) with mean
age 18.2 years were included in the study group. All
subjects had skeletal Class II division 1 subdivision
malocclusion, with overjet more than 6 mm, increased
ANB angle and with indications for combined
orthodontic treatment and orthognathic surgery. They
had no evident facial asymmetry, no functional
mandibular deviations nor rheumatoid or traumatic
symptoms. Symptoms of temporomandibular disorders
were not considered in selecting these subjects and
they had not undergone previous orthodontic treatment.
Conventional clinical and radiological examination of
occlusion and TMJ was used. Before starting
preorthognathic orthodontic treatment, CT investigation
was performed using GE Medical Systems Light Speed
Pro 16CT99_Oc0 system. All the measurements were
automatized and standardized according to parameters
of the equipment.  The position of the patient was lying
on the back, head positioned in the middle of
orbitomeatal plane, closed mouth position – direct touch
of molar teeth in habitual occlusion. Axial scanning was
done from soft tissue point Glabella down to upper
margin of C6. CT scan protocol – helical full 1.0 s,
slice thickness 0.625 mm, pitch 0.625 mm. 2D and 3D
reconstrution images – bone and soft tissue using IAC
Review and Transparent bone programs on the
workstation were acquired.

Following measurements were done: height of
condyle – linear distance between the top of condyle
and crossectional line that goes from the most
prominent point of condyle and is perpendicular to
the tangent of ramus mandibulae (Fig. 1); length of
condyle – linear distance between the anterior and
posterior point of condyle in sagittal plane (Fig. 2);
height of processus condylaris – linear distance
between the highest point of condyle and line that
goes through incisura mandibulae and is
perpendicular to the tangent of ramus mandibulae
(Fig. 3); length of mandibula – distance between the
most distal point of  condyle and Gnathion (Fig. 4);
height of mandibular ramus – distance between the
highest point of condyle and Gonion (Fig. 5);
mandibular body length – distance between points
Gonion and Gnathion (Fig. 6).

Study was approved by Rigas Stradins
University Ethical committee.

Statistical analysis
All the measurements were done by the one

operator three times. Intraobserver measurement error
was 0.8. The mean value of these three
measurements was used for the statistical analysis.
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Fig. 2. 2D MSCT reconstruction image. Length of condyle

Fig. 1. 2D MSCT reconstruction image. Height of condyle

Fig. 3. 2D MSCT reconstruction image. Height of condylar
process

Fig. 4. 3D MSCT reconstruction image. Length of
mandibulae

Fig. 5. 3D MSCT reconstruction image. Height  of mandibular
ramus

Fig. 6. 3D MSCT reconstruction image. Length of man-
dibular body

processus condylaris measurements are given in
Table 1.

Mean values of the length of mandibulae and
the height of processus condylaris on the right and
left side were different with statistical significance
(Table 1).

Association between condylar height and
mandibular measurements has not been confirmed
with remarkable correlations (Table 2). However,
association between condylar length and mandibular
measurements was characterized with mainly
negative and more significant correlations (Table
2). By analysing the correlations between processus

Mean values of condylar and mandibular
measurements were calculated separately for the  left
and right side. Differences of mean values were
tested using paired t-test. Correlation coefficients
were calculated to assess possible interrelation
between mandibular, condylar  and processus
condylaris  measurements. Mean values of
measurements and correlation coefficients were
calculated separately for left and right side.

RESULTS

The average values of mandibular, condylar and
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condylaris height and mandibular measurements,
we found strong association between all variables.
On the right side there was correlation between
processus condylaris height and the length of
mandible (r=0.85), mandibular body length (r=0.96)
and the height of mandibular ramus (r=0.49). These
correlations were also established on the left side
but they were very homogenous – respectively
r=0.67; r=0.6; r=0.61 (Table 2).

DISCUSSION

The development of 3D CT digital modeling of
patient’s craniofacial structure greatly improve the
ability to determine the true anatomical structure
and to quantify precisely located and measured
skeletal landmarks comparing with traditional 2D
imaging [16, 18, 21] 3D MSCT avoids the
superimposition of adjacent structure and allows bone
details to be displaced at high resolution – it allows
for a unique appreciation of the intercorrelations
between structures [19, 20, 21]. Recently 3D
cephalometry was developed and validated by using
spiral MSCT data  [19, 20].

A new generation of dentofacial imaging
systems based on cone-beam CT (CBCT) scanning,
was introduced and it has made contribution to
dentofacial imaging [22, 23].

Swennen and Schutyser [19, 20] specify at several
advantages of MS-CT 3D cephalometry that could  be
refer to condyle and mandible imaging : truly volumetric
3D depiction of hard and soft tissue of the skull, real-
size 1:1 scale, no superimposition of anatomic structures,
high accuracy and reliability. However, MSCT 3D data
acquisition has some drawbacks: limited access for the
routine craniofacial patient because of high cost and

high radiation exposure than other craniofacial x-ray
acquisition systems [19, 20].

The 2D and 3D MSCT protocol used in our
study for determination of condylar  height, condylar
length (A-P dimension) and height of mandibular
ramus values was created with the meaning to find
precise criter ia for quantified evaluation of
morphological structures.

Our preliminary results revealed some
relationships in the morphology of mandible and
processus condylaris. Insignificant results in
asymmetry between right and left side were
obtained when comparing the height and length of
condyle, as well as the length of mandibular ramus
and mandibular body.

 Statistically significant difference was found
between the right and left side in the height of
processus condylaris in patients without clinically
evident asymmetry which could be considered in
the individual planning of orthodontic and orthognatic
patients that means that 2D and 3D CT
reconstruction images data are especially helpful in
the assessment of asymmetry [21].

Thus, we could assume that more adaptive
remodeling has been in the structures of processus
condylaris. Enlow [1] indicated that condyle
functions, as a regional field of growth provide an
adaption for its own localized growth circumstances,
just like all the other regional fields accommodate
their own particular localized growth circumstances.
Although correlated of condyle there are two regional
growth sites that are essentially separate and develop
under different regional conditions and control [1].

It could be an explanation why we did not find
consistent correlation between condylar height and
mandibular ramus height; however more significant

Table 1. Mean values of condylar and mandibular measurements between right and left side (in mm)

Measurement Right side Left side P value 
Mean SD Mean SD 

Height of condyle 3.7 0.83 3.6 0.56 ns 
Length of condyle 7.9 0.85 8.3 1.56 ns 
Height of processus condylaris 18.7 3.54 17.1 3.96 0.057 
Length of mandibulae 107.4 7.89 106. 8.34 0.05 
Height of mandibular ramus 57.7 6.23 56.3 6.98 ns 
Mandibular body length 66.9 6.09 66.6 5.93 ns 

Ns – the difference is not statistically significant 

Table 2. Correlation coefficients between condylar and mandibular measurements

 
Measurements 

Condylar height Condylar length Processus condylaris height 
Right side Left side Right side Left side Right side Left side 

Length of mandibulae 0.02 0.22 -0.36 -0.53 0.85 0.67 
Height of mandibular 
ramus 

-0.14 0.16 -0.5 -0.58 0.49 0.61 

Mandibular body length 0.32 0.43 -0.07 -0.28 0.69 0.6 
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negative correlation has been observed in the
interrelation between condylar length and mandibular
ramus, whereas correlation between processus
condylaris height and mandibular body length
confirms significant positive interrelation. Although
sexual dimorphism is known to be significant in
condylar and mandibular measurements, in our study
no attempt to evaluate females and males separately
was performed because of the limited number of
individuals in collect sample [24; 25]. Nevertheless,
our results could be interpreted only as a tendency.

In general, further research on the application of
2D and 3D CT images in the assessment of condyle

and changes in mandibular morphology as part of
craniofacial structure investigation is necessary.

CONCLUSION

The developed combined 2D and 3D MSCT
investigation protocol for condylar and mandibular
measurements  provides  precise  and demonstrative
quantitative images of  condylar and mandibular
structures and its dimensional relationships, which
could be qualified as informative criteria for the
individual treatment planning for patients with Class
II division 1 subdivision malocclusion.
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