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Condylar Size and Position, Comparison among Different
Sagittal Skeletal Relationships: A CBCT Study
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ABSTRACT
Objective:  To  compare  the  size  and  spatial  position  of  mandibular  condyles  among  different  sagittal  skeletal  patterns  using  CBCT
imaging.
Study Design: A cross-sectional study.
Place and Duration of the Study: Department of Orthodontics, Armed Forces Institute of Dentistry, Rawalpindi, Pakistan, from 20th

March 2021 to 4th January 2022.
Methodology: CBCT scans of 66 subjects (33 males, 33 females) were divided into three equal groups on basis of sagittal skeletal rela-
tionships (Class I, Class II, and Class III). Condylar size and position were determined using the method described by Hilgers et al. and
Ricketts et al. respectively. Independent samples t-test was applied to compare condylar size and position variables between the right
and left condyles and between male and female subjects. All study groups were compared using ANOVA and Post Hoc Tukey's test.
Results: In males, the condylar size was larger and condyles were slightly more anteriorly positioned. Condylar width and height were
smallest in skeletal Class II relation and largest in skeletal Class III relation. Regarding the condylar position, the anterior distance was
investigated to be the smallest in Class II. The posterior distance was lesser in skeletal Class I subjects whereas the superior distance
was lesser in Class III subjects. Angle of articular eminence was greater in class I, intermediate in class II, and lower in class III. Height of
articular eminence was the lowest in Class III subjects.
Conclusion:  Statistically  significant  differences  existed  for  the  size  and  position  of  mandibular  condyles  among  different  sagittal
skeletal relationships.
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INTRODUCTION

The  knowledge  of  morphology  and  position  of  mandibular
condyle  improves  the  understanding  of  normal  craniofacial
growth as well as temporomandibular joint pathology. A thor-
ough evaluation of temporomandibular joints is essential from a
clinical perspective and is necessary for the establishment of
functional occlusion and a balanced stomatognathic system.1

Therefore, in patients with a history of signs and symptoms of
TMDs, caution is required when planning and executing ortho-
dontics.

Morphology  and  position  of  TMJs  are  important  features
regarding the stability of orthodontic treatment2 and can be
affected  by  several  factors  including  age,  gender,  growth
pattern, functional loading, masticatory and muscular activity,
and occlusal alterations.3,4
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Mechanical and functional alterations can lead to remodelling of
TMJ bony surfaces and condyle behaves as a site of compensa-
tory growth under functional loading. Type of malocclusion can
also affect the morphology and position of temporomandibular
joint.5,6 Park et al. showed that condylar morphology and position
alter in different vertical facial patterns and found statistically
significant  variation  between  hypodivergent  and  hyperdiver-
gent groups.7 Discrepancies in the sagittal skeletal pattern might
affect  the  morphology  and  spatial  position  of  adjacent  hard
tissue structures such as temporomandibular joints and can lead
to its alteration.

Various methods have been used to analyse the morphology of
temporomandibular joints such as the study of autopsy human
skulls,  histology  and  microscopy,  radiographic  techniques,
computed tomography, and magnetic resonance imaging. Two-
dimensional radiography has limitations as compared to three-di-
mensional imaging such as distortion, magnification, superimpo-
sitions of multiple osseous structures, and lack of ability to view
three-dimensional changes in size and shape.8 CBCT provides
multiplanar high-resolution images with low radiation exposure
and is an investigation of choice for the assessment of temporo-
mandibular osseous structures. The development of three-di-
mensional imaging has contributed to the diagnosis, treatment
planning, management, and prognosis of disease processes.9
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The objective of this study was to compare the size and spatial
position of condyles among different sagittal skeletal patterns
using CBCT imaging.

METHODOLOGY
This cross-sectional study was undertaken at the Orthodontics
Department,  Armed  Forces  Institute  of  Dentistry  (AFID),
Rawalpindi after taking ethical approval from the Ethical Review
Committee of the Institute (Ref. Letter No. 905/Trg-ABP1K2). A
total sample size of 66 subjects was determined using the G
Power software, keeping the value of effect size as 0.40, alpha
error as 0.05 and power as 0.80.

Based on the sagittal skeletal relationship determined by Stein-
er’s ANB angle, the sample was divided into three equal groups
with 22 subjects each having skeletal class I (ANB: 0° to 4°),
skeletal class II (ANB: 5° to 10°), and skeletal class III (ANB: −1° to
−6°).

The sample was selected using the non-probability consecutive
sampling method and included adult patients with ages ranging
from 18 to 35 years, subjects having a full set of permanent denti-
tions with teeth in maximum intercuspation, subjects with no
history of temporomandibular joint dysfunction and mandibular
deformity and subjects without any history of previous ortho-
dontic or orthopaedic treatment.

Exclusion criteria consisted of subjects with a history of systemic
diseases, congenital syndromes, craniofacial deformities, cleft
lip  and  palate,  subjects  with  condylar  abnormalities  such  as
hyperplasia, elongation, resorption, erosions or osteophytes and
subjects with facial asymmetry.

CBCT images used for the study were taken from available diag-
nostic records of patients currently under treatment at the Ortho-
dontic Department. CBCT images were taken using the Care-
stream imaging system (CS 9000 3D imaging system, New York,
USA) with a tube voltage of 85kV, tube current of 12mA, and expo-
sure time was 10.8 seconds and voxel size was 76 x 76 x 76 μm.

The CBCT image of the skull was oriented parallel to the Frank-
furt plane (Orbitale- Porion). ANB angle was measured in the
sagittal view at the midsagittal plane cut. Using a custom TMJ
slicing option on axial view scan at the same level, 3D image
slices of right and left condyles were obtained in anteroposte-
rior and coronal views keeping zoom at 1.5 mm and slice thick-
ness  of  300  µm (Figure  1).  Linear  distances  and  angles  for
condylar size and position were measured on anteroposterior
and coronal 3D cropped condylar images.

Superior mandibular condyle point (SC) was the most superior
point on the convexity of condylar head in the sagittal view. Ante-
rior mandibular condyle point (AC) was the most anterior extent
of condylar head located 4 mm inferior to superior condyle point
in the sagittal view. Posterior mandibular condyle point (PC) was
the most posterior extent of condylar head located 4mm inferior
to superior condyle point in sagittal view. Lateral mandibular
condyle point (LC) was the most lateral extent condylar head
viewed coronally. Medial mandibular condyle point (MC) was

the most medial extent of condylar head viewed coronally. Infe-
rior  sigmoid  notch  (InfSig)  was  the  most  inferior  apex  on
concavity between coronoid and condylar process of mandible
in sagittal view. Superior glenoid fossa point (SG) was the point
of greatest concavity of the glenoid fossa. Anterior glenoid fossa
point (AG) was the point on the anterior wall of glenoid fossa
closest  to  the  anterior  mandibular  condyle  point.  Posterior
glenoid fossa point (PG) was the point on the posterior wall of
glenoid fossa closest to the posterior mandibular condyle point.
Tangent  to  posterior  slope  of  eminence  (PE´)  was  the  line
tangential  to  the  posterior  wall  of  the  articular  eminence.
Tangent to inferior edge of eminence (IE´) was the line parallel
to the Frankfurt plane passing through the lower edge of the
articular eminence.

The condylar size was evaluated using landmarks described
above. Linear distances used to determine the condylar size are
described  in  Figure  2  as  proposed  by  Hilgers  et  al.10  The
condylar position was evaluated using the landmarks described
above. Linear distances and angular measurements were used
to establish the spatial position of the condyle as proposed by
Ricketts (Figure 2).11

Figure 1: TMJ custom slicing using CBCT to obtain anteroposterior and
coronal three-dimensional views of mandibular condyles.

Figure  2:  Schematic  diagram to  depict  measurements  used  to
determine condylar size and position on sagittal view (1) Posterior
Distance PC-PG, (2) Superior Distance SC-SG, (3) Anterior Distance
AC-AG, (4) Angle of Eminence PE’-IE’, (5) Height of Eminence SG-
IE’, (6) Condylar length PC-AC, (7) Condylar height SC-InfSig).
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Table I: The difference in condylar size and position variables between male and female subjects.

Variables Gender N Mean Std. Deviation t p-value
Condylar Width Male 33 15.48 1.8 4.020 <0.001*

Female 33 13.70 1.6
Condylar Length Male 33 8.02 0.4 6.693 <0.001*

Female 33 7.34 0.4
Condylar Height Male 33 21.03 2.6 2.837 0.006*

Female 33 19.01 3.1
Anterior Distance Male 33 2.71 0.5 -2.926 0.005*

Female 33 3.05 0.4
Posterior Distance Male 33 11.09 1.1 0.427 0.671

Female 33 10.97 1.1
Superior Distance Male 33 6.14 0.9 0.225 0.822

Female 33 6.06 1.7
Angle of Eminence Male 33 35.33 3.9 0.934 0.354

Female 33 34.18 5.8
Height of Eminence Male 33 6.77 0.8 -0.338 0.736

Female 33 6.85 1.1
Independent samples t-test. *p-value ≤0.05.

Table II: ANOVA analysis for comparison of mandibular condylar size and position among various sagittal skeletal patterns.

Condylar Size and Position Class I
n= 22

Class II
n= 22

Class III
n= 22

Minimum Maximum F p-value

Condylar Width 14.79 ± 1.1 12.83 ± 1.5 16.16 ± 1.7 10.4 19.4 28.828 <0.001*
Condylar Length 7.75 ± 0.6 7.77 ± 0.6 7.54 ± 0.2 6.8 8.7 1.307 0.278
Condylar Height 19.65 ± 2.4 17.93 ± 2.0 22.47 ± 2.8 15.4 26.9 19.675 <0.001*
Anterior Distance 3.09 ± 0.4 2.61 ± 0.6 2.96 ± 0.3 1.7 3.7 6.048 0.004*
Posterior Distance 10.5 ± 1.4 11.29 ± 0.6 11.31± 0.8 7.4 12.9 4.500 0.015*
Superior Distance 6.69 ± 1.2 6.19 ± 1.0 5.43 ± 1.7 1.8 8.5 5.001 0.010*
Angle of Eminence 38.45 ± 4.4 34.55 ± 4.1 31.27 ± 3.7 26 45 16.916 <0.001*
Height of Eminence 7.06 ± 0.7 7.31± 0.6 6.08 ± 1.2 4.0 8.0 12.150 <0.001*
ANOVA test.  *p-value ≤0.05.

Condylar  length  (PC-AC):  The  linear  distance  between  the
posterior mandibular condyle point and the anterior mandible
condyle point in the sagittal plane.

Condylar  width  (MC-LC):  The  linear  distance  between  the
medial  mandibular  condyle  point  and  the  lateral  mandible
condyle point in the coronal plane.

Condylar height (SC-InfSig): Perpendicular linear distance from
superior mandible condyle point (SC) to tangent constructed
from the most inferior point of coronoid sigmoid notch (InfSig)
parallel to the true horizontal line.

Superior distance (SC-SG): Upper distance from the highest
part of the condyle to the deepest part of the glenoid fossa.

Posterior distance (PC-PG): Posterior distance from the most
convex part of the posterior wall of the condyle to line PG on
posterior wall of glenoid fossa.

Anterior distance (AC-AG): Anterior distance joining the most
convex point on the anterior wall of the condyle with point AG
on anterior wall of glenoid fossa.

Angle of Eminence (PE’-IE’): The angle between the tangent
passing through the posterior wall of the articular eminence
and the IE’ plane parallel to the Frankfurt plane

Height of Eminence (SG-IE’): Height of the eminence from the
deepest part of the glenoid fossa SG to the IE′ plane parallel to
the Frankfurt plane.

Statistical analysis was carried out using SPSS statistics (ver-
sion  25.0).  To  assess  the  interobserver  variation,  fifteen
CBCT images were randomly selected and condylar size, and
position variables were re-measured at two weeks intervals
by the same observer. Normality of the data was assessed
using the Shapiro-Wilk test (p-value >0.05), indicating that
the  data  was  normally  distributed.  Descriptive  statistics
were used to analyse qualitative and quantitative variables.
Quantitative variables like age, ANB, and condylar size and
position variables  were measured as  mean and standard
deviation. Qualitative variables like gender were measured
as frequency.  Independent  samples t-test  was applied to
evaluate  the  difference  in  size  and  position  of  mandibular
condyles between the right and left sides. Male and female
subjects  were  compared  for  differences  between  the
condylar  size  and  position  variables  using  independent
samples t-test. Comparison of condylar size and position vari-
ables  among  sagittal  skeletal  patterns  was  done  using
ANOVA  and  Post  Hoc  Tukey's  test.  Statistical  significance
was  defined  at  p-value  ≤0.05.

RESULTS

Mean age of the sample was 25.8 ± 5 years. A total sample
of 66 subjects was equally divided into three study groups
consisting of 22 subjects each. An equal number of male and
female subjects (11 males and 11 females) were included in
each study group.
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Table III: Tukey Post HOC for multiple comparisons.

Dependent Variable (I) Sagittal
Skeletal
Relationship

(J) Sagittal
Skeletal
Relationship

Mean Difference
(I-J)

Std. Error Sig.

Condylar Width Class I Class II 1.9545* .4410 <0.001*
Class III -1.3773* .4410 .008*

Class II Class III -3.3318* .4410 <0.001*
Condylar Length Class I Class II -.0273 .1599 .984

Class III .2091 .1599 .396
Class II Class III .2364 .1599 .308

Condylar Height Class I Class II 1.7182 .7310 .056*
Class III -2.8227* .7310 .001*

Class II Class III -4.5409* .7310 <0.001*
Anterior Distance Class I Class II .4773* .1421 .004*

Class III .1273 .1421 .645
Class II Class III -.3500* .1421 .043*

Posterior Distance Class I Class II -.7818* .3036 .033*
Class III -.7955* .3036 .029*

Class II Class III -.0136 .3036 .999
Superior Distance Class I Class II .5000 .4009 .430

Class III 1.2591* .4009 .007*
Class II Class III .7591 .4009 .149

Angle of Eminence Class I Class II 3.909* 1.236 .007*
Class III 7.182* 1.236 <0.001*

Class II Class III 3.273* 1.236 .027*
Height of Eminence Class I Class II -.2500 .2631 .611

Class III .9773* .2631 .001*
Class II Class III 1.2273* .2631 <0.001*

Tukey Post Hoc test . *The mean difference is significant at the 0.05 level.

No statistically significant differences were found in condylar
size and position variables between the right and left sides.

Statistically  significant  gender  differences  (p  <0.05)  were
found in condylar size variables and anterior distance of
condyle from wall of glenoid fossa (Table I). The condylar
size was larger in males in all three dimensions i.e., width,
length,  and  height.  Condyles  in  males  were  positioned
slightly anteriorly as compared to females (Table I).

Table  II  shows  ANOVA  analysis  for  the  comparison  of
mandibular condylar size and position among study groups.
The difference in condylar width and height was statistically
significant in sagittal skeletal patterns (p<0.001). Condylar
width  and height  were  smallest  in  Class  II  relation  and
largest in Class III relation. No statistically significant differ-
ences in condylar length were shown (p >0.05).

Anterior distance from condyle to articular eminence was
significantly  different  among  study  groups  (p  <0.05).  The
anterior  distance  was  investigated  to  be  the  smallest  in
Class II subjects. Tukey’s post hoc test (Table III) suggested
statistically  significant  differences  when  comparing  class  I
with class II (p = 0.004) and class III with class II (p = 0.043).
No  statistically  significant  differences  were  found  when
comparing  class  I  with  class  III  (p  =  0.645).

The posterior distance was significantly different (p = 0.015)
among the three skeletal classes. On comparing, class I with
class  II  and class  III  statistically  significant  differences were
found in the posterior distance (p = 0.033 and 0.029, respec-

tively).  However,  no  significant  differences  were  found
between skeletal class II  and III  subjects (p = 0.99). The
posterior distance was lesser in skeletal class I subjects as
compared to skeletal class II and class III.

The  superior  distance  is  significantly  different  among  the
three skeletal classes (p = 0.010). The superior distance was
smallest in class III subjects and largest in class I subjects. A
statistically  significant  difference  of  superior  distance  was
observed  between  I  and  III  cases  (p  =  0.007).

Statistically  significant  differences  (p  <0.001)  among  the
study groups were seen in the articular eminence angle as it
was higher in sagittal skeletal class I, intermediate in class II
and lower in skeletal class III.

Statistically  significant  differences  (p  <0.001)  were  seen  in
height of articular eminence. It was the smallest in class III
subjects.  Significant  differences  were  found  in  the
comparison of class III with class I and II (p = 0.001 and
<0.001,  respectively).  However,  there  were  no  statistical
differences reported between skeletal class I and II cases (p
= 0.61).

DISCUSSION

The  morphology  and  spatial  position  of  the  mandibular
condyle are essential features of TMJ-oriented diagnosis and
treatment planning.  A sound understanding of  TMJ physi-
ology and function is  required to diagnose and treat the
dysfunction of the masticatory system.
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The volume, shape, and size of the mandibular condyle can
be affected by resorption, hyperplasia, osteophytes, erosions
or  sclerosis.12  The  condylar  size  was  reported  to  vary
according to the functional loading of the condyle and was
larger in hypodivergent subjects as compared to hyperdiver-
gent subjects.13

The contribution of condylar position in the functioning of
the masticatory system is a topic of vast research and may
be related to malocclusion or temporomandibular dysfunc-
tion. Pullinger et al.  concluded the presence of both concen-
tric  and  eccentric  condyles  in  asymptomatic  subjects;14

however, Insecu et al.  related posteriorly placed condyles
with internal joint derangements.15

The  present  study  investigated  the  differences  in  both
condylar  size  and  position  variables  of  right  and  left
mandibular condyles among various sagittal skeletal dimen-
sions  using CBCT images.  Knowledge of  normal  condylar
morphology  and  position  is  helpful  in  the  identification  of
joint disease and its relationship with skeletal patterns is of
utmost importance for accurate diagnosis in various maloc-
clusions.

The  present  study  suggests  gender  differences  in
mandibular condylar size. Condylar size in all three dimen-
sions  i.e.,  height,  width,  and length  were  larger  in  male
subjects.  Similar results of  larger condylar sizes in males
were reported by Hasebe et al.  using CBCT imaging and
Coogan et al. using cadaveric mandibular condyles.13,16 This
difference  in  condylar  size  is  explained  by  sexual  dimor-
phism in skeletal size as growth continues for a longer dura-
tion in males and they achieve larger bone sizes. Moreover,
on comparing the condylar position between genders, anteri-
orly positioned condyles in males were seen. Various studies
show the same trend of anterior positioning of condyles in
males as compared to females.14,17 A possible reason for the
anterior  positioning of  condyles  is  a  tendency towards  a
straight  facial  profile  and  anteriorly  placed  mandible  in
males,  and  a  more  convex  profile  with  posteriorly  placed
mandible  in  females.

The  condylar  size  was  compared  among  various  sagittal
skeletal  patterns  using  CBCT.  Condylar  width  and height
varied significantly among study groups, however, no differ-
ence was found in  condylar  length.  Class II  malocclusion
cases had the smallest condylar sizes while class III malocclu-
sion cases had the largest condylar size. Similar results were
obtained in the South East Asian population in the study of
condyle morphology using CBCT.18

Statistically  significant  differences  in  the  anterior  distance
among  different  anteroposterior  skeletal  patterns  were
found.  Mean anterior  distances  show that  condyles  were
placed most anteriorly in skeletal class II cases and most
posteriorly  positioned in  class  I.  Various  studies  reported
similar  results  with  anteriorly  placed  condyles  in  class  II

cases.14,19  The  greatest  decentralisation  of  condyle  was
reported in class II malocclusion.20

On comparing posterior distances, condyles were positioned
most posteriorly in class I whereas there were no significant
differences  in  posterior  distance  observed  between  class  III
and class II subjects. Similar results were concluded by Rick-
etts when analysing condylar position using TMJ laminog-
raphy.11

In this study, condyles in skeletal Class III cases were found
to have smaller superior distances and positioned superiorly
placed  as  compared  to  class  I.  No  significant  differences  in
superior  distances  were  reported  between  class  I  and  II
study  groups.  Ricketts  and  Katsavrias  also  confirmed  more
superiorly placed condyles in class III subjects.11,21 The clin-
ical  importance  of  superior  distance  is  that  it  indicates
morphological  changes  of  condyle  as  an  increase  or
decrease in distance may be caused by condylar resorption
or hyperplasia, respectively.

With regard to articular eminence angle and height, it was
suggested  that  variation  in  morphology  of  articular
eminence  may  affect  TMJ  function.22  The  steepness  of
eminence was investigated to be a predisposing factor for
internal  derangements  such  as  disc  displacements.23  The
present study revealed that the class III pattern had shallow
slopes of articular eminence whereas the class I pattern had
the most inclined slopes.

Articular eminence height was smaller in class III malocclu-
sion than other sagittal  skeletal  patterns whereas no differ-
ence in articular eminence height was found between class I
and II cases. Similar results regarding the angle and height
of eminence were described by Miranda et al.24

The  clinical  importance  of  the  present  study  is  that  the
optimal position of condyle in various sagittal skeletal rela-
tionships can be identified and mean values for condylar size
and  spatial  position  variables  can  be  defined.  Identification
of normal size and position of condyle is essential to differen-
tiate  from  pathological  alterations  such  as  degenerative
diseases  of  TMJ.  CBCT  is  an  effective  tool  for  assessing
normal  anatomy  and  establishing  diagnosis  of  temporo-
mandibular disorders.25

The limitations  of  this  study are  that  the  relationship  of
condylar  size and position with vertical  facial  dimensions
was not studied and condylar position in dynamic relation of
condyle to glenoid fossa was not observed.

CONCLUSION

Condylar sizes were larger in males than in females. Slightly
anterior position of condyles observed in males as compared
to females. Condylar size was smallest in the class II pattern
group, intermediate in class I,  and largest in the skeletal
Class III pattern.
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In skeletal class II cases, condyles were most anteriorly posi-
tioned, whereas in skeletal class I cases condyles were most
posteriorly positioned. Most superiorly positioned condyles
were found in skeletal class III cases. The slope of articular
eminence was shallow in class III cases and steep in class I
cases. Lower height of articular eminence was found in class
III sagittal skeletal pattern.

ETHICAL APPROVAL:
Ethical  Approval  was  received  from  the  ethical  review
committee  of  AFID,  Rawalpindi  (Ref  Letter  No:  905/Trg-
ABP1K2) on 02-03-2020.

PATIENTS’ CONSENT:
Patient’s consent was obtained prior to acquiring and repro-
ducing diagnostic records and that no identifying information
will be disclosed while publishing data.

COMPETING INTEREST:
All  authors  certify  that  they  have  no  affiliations  with  or
involvement in any organisation or entity with any financial
or  non-financial  interest  in  the  subject  matter  or  materials
discussed in this manuscript. No funding was received for
conducting this study.

AUTHORS’ CONTRIBUTION:
QAT, AJ: Conceptualisation, data acquisition, analysis, inter-
pretation, revision and editing.
QAT: Writing original draft of the manuscript.
AJ: Supervision.
All  the  authors  have  approved  the  final  version  of  the
manuscript  to  be  published.

REFERENCES

Okeson JP.  Management  of  temporomandibular  disorders1.
and occlusion.  8th  ed.  St.  Louis,  MO:  Mosby;  2019.  doi:
books. google.at/books?id=RxmGDwAAQBAJ.
Saccucci  M,  Polimeni  A,  Festa  F,  Tecco  S.  Do  skeletal2.
cephalometric  characteristics  correlate  with  condylar
volume, surface and shape? A 3D analysis. Head Face Med
2012; 8(1):15. doi: 10.1186/1746-160X-8-15.
Ishibashi H, Takenoshita Y, Ishibashi K, Oka M. Age-related3.
changes in the human mandibular condyle: A morphologic,
radiologic, and histologic study. J Oral Maxillofac Surg 1995;
53(9):1016-23.  doi:  dx.doi.org/10.1016/0278-2391(95)90
117-5.
Kurusu  A,  Horiuchi  M,  Soma  K.  Relationship  between4.
occlusal force and mandibular condyle morphology. Angle
Orthod 2009; 79(6):1063-9. doi: /10.2319/120908-620R.1.
Vitral  RWF,  Telles  C  de S,  Fraga MR,  de Oliveira  RSMF,5.
Tanaka OM. Computed tomography evaluation of temporo-
mandibular joint alterations in patients with class II division
1 subdivision malocclusions: Condyle-fossa relationship. Am
J Orthod Dentofacial Orthop  2004; 126(1):48–52. doi.org/
10.1016/j.ajodo.2003.06.012.
Rodrigues AF, Fraga MR, Vitral RWF. Computed tomography6.
evaluation of the temporomandibular joint in Class I maloc-
clusion patients: Condylar symmetry and condyle-fossa rela-

tionship.  Am J  Orthod Dentofacial  Orthop  2009;  136(2):
192-8. dx.doi.org/10.1016/j.ajodo.2007.07.032.
Park  IY,  Kim  JH,  Park  YH.  Three-dimensional  cone-beam7.
computed tomography based comparison of condylar posi-
tion  and  morphology  according  to  the  vertical  skeletal
pattern.  Korean  J  Orthod  2015;  45(2):66-73.  dx.doi.org/
10.4041/kjod.2015.45.2.66.
Kim JJ, Nam H, Kaipatur NR, Major PW, Flores-Mir C, Lagra-8.
vere MO, et al. Reliability and accuracy of segmentation of
mandibular  condyles  from  different  three-dimensional
imaging modalities: A systematic review. Dentomaxillofac
Radiol  2020;  49(5):20190150.  dx.doi.org/  10.1259/dm-
fr.20190150.
Honey OB, Scarfe WC, Hilgers MJ, Klueber K, Silveira AM,9.
Haskell BS, et al. Accuracy of cone-beam computed tomog-
raphy imaging of the temporomandibular joint: Comparisons
with  panoramic  radiology  and  linear  tomography.  Am  J
Orthod Dentofacial Orthop 2007; 132(4):429-38. dx.doi.org/
10.1016/j.ajodo.2005.10.032.
Hilgers ML, Scarfe WC, Scheetz JP, Farman AG. Accuracy of10.
linear  temporomandibular  joint  measurements  with  cone
beam  computed  tomography  and  digital  cephalometric
radiography.  Am  J  Orthod  Dentofacial  Orthop  2005;
128(6):803-11. dx.doi.org/10.1016/j.ajodo.2005.08.034.
Ricketts RM. Variations of the temporomandibular joint as11.
revealed  by  cephalometric  laminagraphy.  Am  J  Orthod
1950;  36(12):877-98.  http://dx.doi.org/10.1016/0002-9416
(50)90055-8.
Liu Q, Wei X, Guan J, Wang R, Zou D, Yu L. Assessment of12.
condylar morphology and position using MSCT in an Asian
population.  Clin  Oral  Investig  2018;  22(7):2653-61.  doi:
http://dx.doi.org/10.1007/s00784-018-2364-7.
Hasebe A, Yamaguchi T, Nakawaki T, Hikita Y, Katayama K,13.
Maki K. Comparison of condylar size among different antero-
posterior  and vertical  skeletal  patterns  using cone-beam
computed tomography. Angle Orthod 2019; 89(2): 306-11.
doi: dx.doi.org/10.2319/032518-229.1.
Pullinger AG, Hollender L, Solberg WK, Petersson A. A tomo-14.
graphic study of mandibular condyle position in an asympto-
matic  population.  J  Prosthet  Dent  1985;  53(5):  706-13.
dx.doi.org/10.1016/0022-3913 (85)90029-0.
Incesu L, Taşkaya-Yilmaz N, Oğütcen-Toller M, Uzun E. Rela-15.
tionship  of  condylar  position  to  disc  position  and
morphology. Eur J  Radiol  2004; 51(3):269-73. doi: http://
dx.doi.org/10.1016/S0720-048X(03)00218-3.
Coogan JS, Kim D-G, Bredbenner TL, Nicolella DP. Determina-16.
tion  of  sex  differences  of  human  cadaveric  mandibular
condyles using statistical shape and trait modeling. Bone
2018;  106:35-41.  doi:  http://dx.doi.org/  10.1016/j.bone.
2017.10.003.
Paknahad M, Shahidi S, Iranpour S, Mirhadi S, Paknahad M.17.
Cone-beam  computed  tomographic  assessment  of
mandibular  condylar  position  in  patients  with  temporo-
mandibular joint dysfunction and in healthy subjects. Int J
Dent  2015; 2015:1-6.  doi:  http://dx.doi.org/10.1155/2015/
301796.
Al-koshab M, Nambiar P, John J. Assessment of condyle and18.
glenoid Fossa morphology using CBCT in south-east Asians.
PLoS One 2015; 10(3):e0121682. doi: dx.doi.org/10.1371/



Condylar  size and position,  comparison among different  sagittal  skeletal  relationships

Journal  of  the College of  Physicians and Surgeons Pakistan 2023,  Vol.  33(05):  509-515 515

journal.pone.0121682.
Rivero-Millán  P,  Barrera-Mora  JM,  Espinar-Escalona  E,19.
González-Del Pino CA, Martín-Salvador D, Llamas-Carreras
JM. Comparison of  condylar  position in normal occlusion,
Class II Division 1, Class II Division 2 and Class III malocclu-
sions  using  CBCT  imaging.  J  Clin  Exp  Dent  2021;
13(12):e1216-26. doi.org/10.4317/jced.58970.
Fraga MR, Rodrigues AF, Ribeiro LC, Campos MJ da S, Vitral20.
RWF.  Anteroposterior  condylar  position:  A  comparative
study between subjects with normal occlusion and patients
with Class I, Class II Division 1, and Class III malocclusions.
Med  Sci  Monit  2013;  19:903-7.  doi:  http://dx.doi.org/
10.12659/MSM.889528.
Katsavrias EG, Halazonetis DJ. Condyle and fossa shape in21.
Class II and Class III skeletal patterns: A morphometric tomo-
graphic  study.  Am  J  Orthod  Dentofacial  Orthop  2005;
128(3):337-46. dx.doi.org/10.1016/j.ajodo.2004.05.024.
Verner FS, Roque-Torres GD, Ramírez-Sotello LR, Devito KL,22.
Almeida SM. Analysis of the correlation between dental arch
and  articular  eminence  morphology:  A  cone  beam

computed  tomography  study.  Oral  Surg  Oral  Med  Oral
Pathol  Oral  Radiol  2017;  124(4):420-31.  doi:  http://dx.
doi.org/10.1016/j.oooo.2017.07.004.
Sulun T, Cemgil T, Duc JM, Rammelsberg P, Jager L, Gernet23.
W. Morphology of the mandibular fossa and inclination of
the articular eminence in patients with internal  derange-
ment and in symptom-free volunteers. Oral Surg Oral Med
Oral  Pathol  Oral  Radiol  Endod  2001;  92(1):  98-107.
dx.doi.org/10.1067/moe.2001.114621.
Arieta-Miranda  JM,  Silva-Valencia  M,  Flores-Mir  C,  Pare-24.
des-Sampen  NA,  Arriola-Guillen  LE.  Spatial  analysis  of
condyle position according to sagittal skeletal relationship,
assessed  by  cone  beam  computed  tomography.  Prog
Orthod  2013;  14(1):36.  dx.doi.org/10.1186/2196-1042-
14-3.
Muqeet A, Shami A, Mahmood A, Saadullah M, Naz S, Sajid25.
M.  Assessment  of  Distance  between  glenoid  fossa  and
condyle in the coronal plane using cone-beam computed
tomography in Pakistani population. Pak J Med Health Sci
2020;  14(4).  doi:  http://pjmhsonline.com/2020/oct_dec/
826.pdf.

••••••••••


