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Morphologic change
s in idiopathic condylar resorption
with different degrees of bone loss

Yifan He, BS,a,# Han Lin, DDS, PhD,b,# Qiuping Lin, MD,c Lin Lu, BS,a Mingyu Li, BS,d Qianli Li, BS,a

Jingyi Xue, BS,a and Yue Xu, DDS, PhDa
Objective. The aim of this case control study was to investigate the sizes, shapes, and articular surface a
ngles of condyles

exhibiting idiopathic condylar resorption (ICR) with different degrees of condylar bone loss and to provide additional information

for the diagnosis of ICR.

Study Design. In total, 154 condyles from patients with ICR and 42 healthy condyles were included. The ICR group was

further divided into 3 subgroups (ICR I, ICR II, and ICR III) based on the morphology of the condyle. Three-dimensional

(3-D) models of the condyles were measured and analyzed by using the Mimics software based on cone beam computed

tomography data.

Results. The condylar anteroposterior diameter, transverse diameter, height, superficial area, volume, articular surface angles,

condylar neck angle, maximal sectional area, and condylar neck sectional area were all significantly different between the ICR

group and the control group (P < .05). There were also significant differences among the 3 subgroups in many of these parameters

(P < .05).

Conclusions. Morphologic changes in ICR become worse as the disease progresses, with significant differences between

diseased and normal condyles. There were many significant differences among the subgroups. Posteriorly inclined condy-

lar neck and slender condylar neck may be associated with ICR. (Oral Surg Oral Med Oral Pathol Oral Radiol

2019;128:332�340)
Idiopathic condylar resorption (ICR), an irreversible

disease with a low incidence,1 is characterized by pro-

gressive and extensive condylar resorption and loss of

ramus height with or without temporomandibular joint

(TMJ) symptoms. If ICR is not treated in a timely

manner, it can eventually bring about a series of

complications, including severe malocclusion, facial

malformation, and irreversible joint dysfunction.

When abnormal joint loading or sustained physical

stress to the articular structures of the TMJ exceeds the

normal adaptive capacity, dysfunctional remodeling

changes occur in the mandible. These changes result in

a series of morphologic abnormalities, such as decreased

condylar volume and ramus height, progressive mandib-

ular retrusion, or decreased mandibular growth.2�4 A
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relatively rapid loss of condylar volume and decrease in

height are common clinical presentations of ICR. As

condylar resorption progresses in the ICR process, the

mandible becomes retruded, and the mandibular plane

angle and the anterior face height increase, resulting in

anterior open bite or class II malocclusion.5 Clinically,

the most common initial symptom in patients with ICR

is alteration of masticatory function.6 Other clinical

symptoms, such as facial deformity (e.g., skeletal class

II malocclusion and mandibular deviation), or typical

TMJ symptoms, such as joint clicking, pain, and limited

mouth opening capacity, may also exist. In the early

stage of ICR, 25% of patients may not exhibit any TMJ

symptoms.7 For this reason, early diagnosis and inter-

vention for ICR are difficult. Moreover, because the eti-

ology and classification of ICR are not fully

understood,8 generally accepted treatment guidelines for

this disease are not available.

Historically, condylar resorption has been classified

mainly on the basis of clinical manifestations. For

example, Hoppenreijs divided condylar resorption into

2 types—the open bite type and the deep overbite

type—and found that the risk of condylar resorption
Statement of Clinical Relevance

This study provides an important addition to the

current diagnosis and classification system for idio-

pathic condylar resorption. The 3-dimensional mor-

phologic changes of the condyle reflect the severity

of disease. The condylar neck plays an important

role in condylar resorption.
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increased with the severity of open bite.9 With the

development of radiologic technology, ICR is now

mainly classified on the basis of alterations in condylar

morphology. Krajenbrink et al. evaluated ICR on the

basis of the condylar contour and axis by using

2-dimensional (2-D) images.10 Gomes et al. identified

different condyle types according to the similarity of

the condylar surface using 3-dimensional (3-D) mesh

models.11 However, neither of these methods precisely

evaluates the severity of bone loss in condylar resorp-

tion. Therefore, a strong demand exists for a more

practical ICR classification as well as for a comprehen-

sive description of the condylar morphologic character-

istics of ICR.

In this study, the radiographic characteristics of ICR

with different degrees of condylar bone loss were

investigated by using a 3-D reconstruction technique.

Morphologic analysis was performed to identify the

sizes, shapes, and articular surface angles of the con-

dyles and to propose a classification approach based on

the severity of condylar bone loss.

MATERIALS ANDMETHODS
Patients
This study was approved by the Institutional Review

Board of Sun Yat-sen University. It included 82 Chi-

nese patients with ICR (the ICR group; mean age 30.3

§ 11.8 years) and 21 age-matched healthy controls

(the control group; mean age 29.1 § 8.5 years), who

visited the Hospital of Stomatology at Sun Yat-sen

University between June 2012 and June 2016. The

electronic medical records of the patients with ICR

were obtained from the digital database of the hospital.

Patients with ICR were included after a clinical diag-

nosis of ICR based on the patients’ clinical records and

radiographic images. The inclusion criteria were as fol-

lows12: (1) a history of progressive dental occlusal

changes; (2) anterior open bite with at least one of the

following progressive dental occlusal changes: (a)

occlusal facets that cannot be approximated, or (b)

changes in sequential dental occlusal measurements

over time (horizontal overjet, vertical overbite, or

intercuspal contacts); and (3) CT or cone beam com-

puted tomography (CBCT) evidence of resorption of

part or all of the condyle(s), or lateral cephalometric

change with sequential imaging over time (clockwise

mandibular rotation, i.e., increase in mandibular plane

angle; increase in ANB [A point, nasion, B point]).

Patients were excluded from the study if they had

rheumatologic disease, systemic joint diseases, devel-

opmental deformities, previous TMJ treatment, or a

history of craniofacial surgery or trauma. Of the

82 patients with ICR, 72 had bilateral condylar

involvement, and 10 had unilateral disease. All control

patients were orthodontic patients with healthy TMJs,
as confirmed through clinical and radiologic examina-

tions. All control patients were selected by using the

frequency matching method and were subject to the

same exclusion criteria as the patients with ICR.

Radiographic examination
CBCT was performed on all of the participants, using

the same unit (Vatech Co., Ltd., Hwasung, Korea).

Exposure parameters were 90 kVp, 4 mA, 24 seconds,

with a large field of view (at least 17£ 11 cm) includ-

ing both TMJs. The CBCT images were used for both

treatment planning and research. Mandibular models

were reconstructed from the CBCT images and ana-

lyzed by using the interactive medical image control

system Mimics 19.0 (Materialise, Leuven, Belgium).

Qualitative assessment of the condylar morphology
A total of 154 ICR condyles and 42 healthy condyles

were imaged. The 3-D models of the condyles were

reconstructed by using the threshold segmentation

function in the Mimics software based on the gradient

change of Hounsfield unit value. The anteroposterior

diameter, transverse diameter, height, superficial area,

and volume were measured on the 3-D models, as has

been described in previous studies.13,14 The definitions

of these measurements and their associated landmarks

are provided in Table I and Figure 1. First, all land-

marks and planes were located on the 3-D condylar

models by using the Mimics software. Then, the ante-

roposterior diameter, transverse diameter, and height

were calculated by using the “Measure and Analyse”

function as point�point distance or point�plane dis-

tance. The superficial area and volume were calculated

by using the “Property” function. The articular surface

angle a, articular surface angle b, and condylar neck

angle g of the condyles were measured on 2-D images,

as shown in Figure 2.

Sectional area measurements
To evaluate the subtle changes in condylar shape, the

ramus tangent of the condyle (a line tangent to the pos-

terior borders of the ramus and condyle) was drawn by

using the Mimics software (Figure 3). The sectional

area of all the cross profiles along this tangent were

created at 0.2-mm intervals.15 The maximal sectional

area (Smax) and the condylar neck sectional area (Sneck)

were measured and were used to describe the shape of

condyles (Figure 4).

Degrees of condylar bone loss in ICR
To further evaluate the morphologic modifications

observed in ICR with different degrees of bone loss,

the condyles with ICR were classified into 3 subgroups,

according to the contour of the condyles (Figure 5). In

the ICR I subgroup, the resorption did not reach the



Fig. 1. The landmarks of the condyle. A, The landmarks of the condyle in the sagittal view. B, The landmarks of the condyle in

the axial view. (The landmarks are defined in Table I.)

Table I. Definitions of the condylar 3-dimensional (3-D) landmarks and measurements

Landmarks Definition

Condylion (Co) Superior most point of each mandibular condyle in the sagittal plane

A-point (A) Anterior most point of each mandibular condyle in the sagittal plane

P-point (P) Posterior most point of each mandibular condyle in the sagittal plane

M-point (M) Interior most point of each mandibular condyle in the coronal plane

L-point (L) Exterior most point of each mandibular condyle in the coronal plane

C-point (C) Most caudal point of the sigmoid notch

Orbitale (Or) Inferior most point of each infraorbital rim

Porion (Po) Superior most point of each external acoustic meatus

Frankfort horizontal plane (FH plane) Plane passing through the bilateral orbitale and porion points

Measurements Definition

Anteroposterior diameter (A-P) Distance between A and P

Transverse diameter (M-L) Distance between M and L

Height (H) Difference between the distance of Co-FH and C-FH

Superficial area (S) Superficial area of the condyle

Volume (V) Volume of the condyle

Fig. 2. Measurements of condylar morphology. A, Articular surface angle a: the angle of the ramus tangent and the condylar

articular surface. B, Articular surface angle b: the angle of condylar axis and the condylar articular surface. C, Condylar neck

angle g: the angle of condylar axis and the ramus tangent.
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maximum transverse diameter of the condyle, and both

sides of the condylar lateral margins were, therefore,

S-shaped. In the ICR II subgroup, the resorption trans-

gressed the maximum transverse diameter, and both

sides of the condylar lateral margins were, therefore,
angular shaped. In the ICR III subgroup, the resorption

was severe, causing loss of normal condylar morphol-

ogy, and therefore, the contour of the sides was nearly

straight. In cases where one side of the lateral margin

was S-shaped and the other side was angular shaped,



Fig. 3. The ramus tangent using Mimics software. A, Ramus tangent of the condyle in the sagittal view. B, Ramus tangent of the

condyle in the coronal view.

Fig. 4. Measurements of the maximal sectional area (Smax) and the sectional area of the condylar neck (Sneck) along the tangents.

A, Smax and Sneck of the condyle in the sagittal view. B, Smax and Sneck of the condyle in the coronal view. C, Smax of the condyle

in the axial view.
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Fig. 5. Three-dimensional (3-D) modeling of idiopathic condylar resorption (ICR) subgroups. A, Normal condylar morphology.

B, Condylar morphology in the ICR I subgroup. The red dotted line indicates an S-shaped lateral margin, the green dotted line

indicates an angular-shaped lateral margin, and the black dotted line indicates the superior borders (the right border was larger).

C, Condylar morphology in the ICR II subgroup. D, Condylar morphology in the ICR III subgroup. The blue dotted line indicates

that the sides were nearly straight.

Table II. Characteristics of the study population

Characteristics ICR group Control group

Condyles 154 42
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the condyle was grouped according to the side of the

margin with a larger superior border. If the superior

borders were equal in size, the condyle was assigned to

the “more severe” subgroup.

Patients 82 21

Female (%) 75 (91.46%) 19 (90.48%)

Male (%) 7 (8.54%) 2 (9.52%)

Age (years, mean § SD) 30.3 § 11.8 29.1 § 8.5

ICR, idiopathic condylar resorption; SD, standard deviation.
Statistical analysis
Statistical analyses were performed with use of the SPSS

software, version 20.0 (SPSS Inc., Chicago, IL). All data

were expressed as mean § standard deviation. Indepen-

dent t tests were used to analyze the differences in meas-

urements between the ICR group and the control group

for the parameters listed in Table I. The least significant

difference t test was used to calculate the statistical differ-

ences between all of the measurements among the sub-

groups (ICR I, ICR II, and ICR III). All measurements

were performed by the same experienced dentist (Y.H.)

and repeated at 2-week intervals. The intraclass correla-

tion coefficients were all above 0.9, showing high reli-

ability of the results. The average of 10 measurements

was used for comparison. A P value less than .05 was

considered statistically significant.
RESULTS
Data distribution
This study included 154 condyles from 82 consecutive

patients with ICR and 42 condyles from 21 control

patients. In the ICR group, mean age was 30.3 §
11.8 years, and the male-to-female ratio was 7:75. In

the control group, mean age was 29.1 § 8.5 years, and

the male-to-female ratio was 2:19. Most of the patients

were females in both the ICR and control groups

(Table II). There were no significant differences with

regard to age or sex between the 2 groups. Of the 154

condyles in the ICR group, 61 were assigned to the

ICR I subgroup, 71 to the ICR II subgroup, and 22 to

the ICR III subgroup.
Condylar morphology of patients with ICR
Quantitative assessments of the condylar size, shape,

and articular surface angles were conducted. The antero-

posterior diameter, transverse diameter, height, superfi-

cial area, and volume were significantly smaller in the

ICR group compared with the control group (P < .001;

Table III). Articular surface angle a and articular sur-

face angle b were higher in the ICR group compared

with those in the control group (P = .007 and P = .022,

respectively; Table IV). The condylar neck angle was

significantly larger in all 3 subgroups than in the control

group (P < .05; Table V). Smax and Sneck were signifi-

cantly smaller in the ICR I, II, and III subgroups com-

pared with those in the control group (P < .001;

Table V), with the average area values getting progres-

sively lower from subgroup I through subgroup III.
Condylar morphology of the 3 ICR subgroups
The images of condyles of different groups are shown

in Figure 6. The condylar volume was significantly

lower in the ICR II and ICR III subgroups than in the

control group (P < .001; Table III). All other measure-

ments were significantly different between the ICR I,

II, and III subgroups and the control group. The antero-

posterior diameter, transverse diameter, height, and

superficial area were significantly reduced (P < .05;

Table III). The articular surface angles a and b were

significantly increased (P < .001; Table IV).



Table III. Measurements of the condylar shapes and sizes in the control group, idiopathic condylar resorption (ICR)

group, and different subgroups

Groups Anteroposterior diameter (mm) Transverse diameter (mm) Height (mm) Superficial area (mm2) Volume (mm3)

Control group 8.87 § 1.16 18.86§ 1.85 18.47§ 3.74 1305.66§ 264.71 1139.70§ 468.62

ICR group 7.14 § 1.71* 16.91§ 2.54* 14.79§ 3.18* 818.31§ 299.61* 798.80§ 350.76*

ICR I subgroup 7.36 § 1.67* 17.71§ 2.26* 16.33§ 2.73* 996.95§ 282.34* 1013.44§ 374.77

ICR II subgroup 7.29 § 1.63* 17.00§ 2.22* 14.62§ 2.67*,y 770.15§ 232.31*,y 731.62§ 233.83*,y

ICR III subgroup 6.05 § 1.71*,y,z 14.34§ 2.71*,y,z 11.11§ 2.72*,y,z 478.43§ 157.46*,y,z 420.45§ 117.48*,y,z

*P < .05 vs control group.

yP < .05 vs ICR I subgroup.

zP < .05 vs ICR II subgroup.

Table IV. Measurements of the articular surface angles in the control group, idiopathic condylar resorption (ICR)

group, and different subgroups

Groups Articular surface angle a (°) Articular surface angle b (°)

Control group 40.04§ 1.40 39.83§ 1.70

ICR group 47.23§ 4.04* 45.28§ 3.19*

ICR I subgroup 42.86§ 1.23* 42.25§ 1.96*

ICR II subgroup 49.80§ 2.56*,y 47.10§ 2.04*,y

ICR III subgroup 50.58§ 2.15*,y 47.78§ 2.23*,y

*P < .05 vs control group.

yP < .05 vs ICR I group.

Table V. Measurements of the condylar neck angles, maximal sectional areas, and condylar neck sectional areas in

the control group and different idiopathic condylar resorption (ICR) subgroups

Groups Condylar neck angle g (°) Smax (mm
2) Sneck (mm

2)

Control group 7.79 § 1.49 134.03§ 16.01 84.44§ 11.43

ICR I subgroup 8.78 § 1.32* 107.58§ 15.18* 68.49§ 8.87*

ICR II subgroup 9.87 § 1.58*,y 102.35§ 13.85* 64.69§ 8.71*,y

ICR III subgroup 11.65§ 0.91*,y,z 71.57§ 17.76*,y,z 52.94§ 11.55*,y,z

*P < .05 vs control group.

yP < .05 vs ICR I group.

zP < .05 vs ICR II group.
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The least significant difference t-tests were performed

to compare the values of the 3 ICR subgroups. Tables III

and IV show the measurements describing the morpho-

logic changes of the condylar head. The anteroposterior

diameter and transverse diameter in the ICR III subgroup

were significantly lower than those in the ICR I and II

subgroups (P � .001). Condylar height, superficial area,

and volume were significantly decreased when compar-

ing each subgroup (I vs II, I vs III, and II vs III; P� .001;

Table III). The articular surface angles a and b were sig-

nificantly increased in the ICR II and ICR III subgroups

compared with those in the ICR I subgroup (P < .001).

However, there were no significant differences in these

measurements between the ICR II and ICR III subgroups

(Pa = 0.266 and Pb = 0.164, respectively; Table IV).
Measurements of the condylar neck in the ICR
subgroups
Condylar neck angle g was significantly different

among the subgroups (I vs II, I vs III, and II vs III;
P � .001; Table V), with the average angle size becom-

ing progressively larger from subgroup I through III.

The differences in the mean articular surface angles a
and b were largest between the ICR I and II subgroups

(aI�II = 6.94˚, bI�II = 4.85˚), followed by those

between the control group and the ICR I subgroup

(ac�I = 2.82˚, bc�I = 2.42˚), and between the ICR II

and III subgroups (aII�III = 0.78˚, bII�III = 0.68˚).

The average area values of Smax and Sneck became pro-

gressively smaller from subgroup I through subgroup III.

Smax was significantly lower in the ICR III subgroup than

in the ICR I and II subgroups (P < .001), whereas Sneck
was significantly decreased when comparing the sub-

groups (I vs II, I vs III, and II vs III; P< .05; Table V).
DISCUSSION
In the present study, we found that the morphologic fea-

tures of the condyle differed significantly, depending on

the severity of condylar bone loss in ICR, and this may

provide additional information to aid in ICR diagnosis.



Fig 6. Cone beam computed tomography (CBCT) images in the control group and the idiopathic condylar resorption (ICR) sub-

groups. Coronal view of CBCT images of the condyle in the control group (A), ICR I (B), II (C), III (D) subgroups. Sagittal view

of CBCT images of the condyle in the control group (E) and the ICR I (F), II (G), and III (H) subgroups.

ORAL ANDMAXILLOFACIAL RADIOLOGY OOOO

338 He et al. September 2019
In this study, the subgroups of ICR represented dif-

ferent degrees of condylar bone loss. ICR I included

cases of relatively mild resorption, in which the maxi-

mum transverse diameter of the condyle was not

affected by the resorptive pattern; ICR II represented

cases of moderate resorption, which transgressed the

maximum transverse diameter; and ICR III was the

most severe type of resorption, in which the condylar

head showed alteration of normal morphology.

Because ICR is generally known to be an irreversible

disease, the significant differences in the measurements

from these 3 ICR subgroups suggest that the condylar

sizes, shapes, and angles are progressively altered in

the development of ICR.

Our results showed that articular surface angle a and

articular surface angle b were significantly larger in

the ICR condyles than in the healthy ones. This finding

may be explained by the downward and backward

movement of the condylion (Co-point) after the flatten-

ing of the anterior surface. These results are consistent

with previous studies that found that anterior surface

flattening is one of the features of ICR.16,17 Moreover,

the articular surface angles were significantly larger in

the ICR II and III subgroups than in the ICR I sub-

group, whereas there was no significant difference

between the ICR II and ICR III subgroups. This sug-

gests that the changes in the anterior surface mainly

occur during ICR stages I and II. In addition, the differ-

ence in the mean values of the articular surface angles
a and b was largest between the ICR I and II sub-

groups, followed by the difference between the healthy

control group and the ICR II subgroup, and between

the ICR II and III subgroups. These findings suggest

that the flattening of the anterior surface begins at ICR

stage I, accelerates in the next stage, and becomes sta-

ble after ICR stage II. This is consistent with the find-

ings of previous studies.2,18,19

In the present study, the anteroposterior diameter,

transverse diameter, and height of the condyles were

significantly smaller in the ICR condyles than in the

healthy ones, suggesting that resorption occurs in the

vertical, sagittal, and horizontal directions. This finding

is consistent with previous reports. It has been reported

that vertical resorption, such as severe flattening of the

anterosuperior surface, commonly occurs in ICR,

whereas resorption on the superior and posterior surfa-

ces occurs simultaneously.16,20,21 The superficial area

and condylar volume also decreased in patients with

ICR, suggesting that the condyles with ICR are reduced

in size. This finding is consistent with the findings of

previous studies.22,23 Furthermore, we found that the

anteroposterior diameter, transverse diameter, height,

superficial area, and volume decreased progressively in

the 3 subgroups. These findings suggest that the condy-

lar size becomes smaller with increasing severity of

bone loss in ICR. Moreover, ICR III may not be a

relatively stable phase. The disease involves lysis

and repair, in which more lysis may occur over time.
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This suggests that morphologic changes in the condyle

may become even worse than were observed in the

ICR III subgroup in this investigation.

In this study, we found that the condylar neck angle

g progressively enlarged as the severity of bone loss

increased. Condylar neck angle change and mandibular

ramus tangent change result from the posterior rota-

tional growth of the mandible, with seating of the

reduced condyle and remodeling of the ramus being

responses to the altered biomechanical status. The

transformation of the upper and superior parts of

the condylar head may result in posterior rotation of

the mandible and, therefore, an increase in the condylar

neck angle. In addition, a posteriorly inclined condylar

neck may, in turn, result in excessive mechanical load-

ing of the condylar tissues, thus causing further resorp-

tion.14,24 The posterior tangent of the condyle was used

to evaluate the condylar neck angle as the reference

line because it was relatively stable throughout the pro-

gressive stages of ICR and has previously been used to

identify the inclination of the condylar neck.25 Addi-

tionally, we found a tendency toward a reduction in the

sectional area of the condylar neck as the condylar

resorption severity increased. The reason for this is

that condylar bone remodeling occurs after condylar

height reduction, recortication, and seating in the fossa

and is an expected result of ICR. These results suggest

that the condylar neck also plays an important role in

the development of ICR.

Because of lack of long-term follow-up, the long-

term changes in condylar morphology during the

development of ICR could not be explored. Despite

this limitation, we identified the association between

the condylar shape and the severity of condylar resorp-

tion by using Mimics software. Further clinical studies

are required to validate our findings.

CONCLUSIONS
This report describes the morphologic characteristics

of ICR and 3 subgroups: ICR I, ICR II, and ICR III.

ICR I is the initial phase of ICR, in which flattening of

the anterior surface is observed, characterized by “S”

shaped lateral margins. ICR II is the phase in which

this flattening accelerates and angular-shaped lateral

margins are observed. ICR III is characterized by

severe condylar resorption, but flattening of the ante-

rior surface, which progresses through ICR I and II,

becomes relatively stable in ICR III. The anteroposte-

rior diameter, transverse diameter, height, superficial

area, and volume are related to the severity of bone

loss in ICR, and they decrease progressively as the

severity of ICR increases. Articular surface angles

were found to progressively increase with disease

severity and were significantly different from the meas-

urements in the control condyles. The maximum
transverse area of the condylar head was significantly

smaller in ICR than in the control condyles. A posteri-

orly inclined condylar neck is associated with idio-

pathic condylar resorption, and an increasingly slender

condylar neck is an expected result of ICR. The find-

ings of this study provide important information that

could be used to improve the current diagnosis and

classification system for ICR and to deepen the under-

standing of the development of ICR.
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