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Abstract: Background: Little is known about the clinical characteristics of idiopathic condylar
resorption (ICR). The aim of this study was to examine the signs and symptoms of temporomandibular
dysfunction (TMD) and evaluate the morphological characteristics of the condyles in patients with
ICR. Methods: Sixty patients with ICR (41 in the bilateral ICR group and 19 in the unilateral ICR
group) and forty-one healthy controls were examined. Signs and symptoms of TMD were described,
and three-dimensional models of the condyles were measured and analyzed. Results: In total,
81.7% of ICR patients had self-reported symptoms and 78.3% of ICR patients had objective-found
signs. The anteroposterior diameter, transverse diameter, height, maximal sectional area, volume of
the condyles, axial angle, and the distance from the posterior point of the condyle to the Saggittal
standard line were significantly smaller in the ICR condyles compared with the controls (p < 0.05).
The condylar neck angle was significantly larger in the ICR condyles compared with the controls
(p < 0.05). Conclusions: Most patients with ICR had signs and symptoms of TMD. The prevalence
of clicking and opening–closing deviation was significantly different between the bilateral and the
unilateral ICR groups. In patients with ICR, the size of the condyles decreased significantly; the
condyles also rotated inward, moved forward, and inclined posteriorly.

Keywords: idiopathic condylar resorption; signs and symptoms; cone beam computed tomography;
condylar morphology

1. Introduction

Idiopathic condylar resorption (ICR) manifests as progressive condylar resorption with
an unknown cause, which results in pain, malocclusion, and esthetic changes. Previous
studies have shown that ICR predominantly affects women in their second to third decades
of life [1,2], especially during the pubertal growth spurt [3,4]. ICR is usually bilateral but
can also be unilateral. In bilateral ICR, the jaw exhibits a decreased vertical ramus height,
a retruded mandible, and an increased mandibular plane angle and anterior face height,
resulting in an anterior open bite or class II malocclusion [5]. In patients with unilateral ICR,
the vertical heights of the mandibular body and ramus and the occlusal plane on each side
are different; these patients present with mandibular deviation and facial asymmetry [6].

Many possible pathogenic factors of ICR have been proposed previously. A study
by Arnett et al. in 1996 reported that the mechanism of ICR was condylar dysfunctional
remodeling [5,7]. They speculated that the primary causes of ICR were reduced self-
remodeling capacity and increased mechanical stress. Sex hormones, such as 17 β-estradiol
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(E2), are one of the factors of reduced self-healing ability of the condyles [7]. Mechanical
stress of the condyle could increase due to factors such as internal joint derangement,
trauma, parafunctional habits, orthodontics, orthognathic surgery, and other occlusal
therapies [8].

It is difficult to diagnose and treat ICR. Previous studies have reported that the most
common symptoms of ICR are joint clicking, pain, and restricted mouth opening. One-
quarter (25%) of the patients with ICR exhibited no symptoms of temporomandibular
dysfunction (TMD) [6], and little is known about the clinical characteristics of ICR. There-
fore, further research about the signs and symptoms of ICR is necessary.

CBCT and MRI are valuable for TMJ evaluation. MRI remains as the gold standard
examination for TMJ features analysis due to its high-contrast sensitivity to tissue dif-
ferences and the absence of ionizing radiation. MRI was most specific and sensitive for
the interpretation of soft tissue and inflammatory conditions in the joint, whereas CBCT
examination produced excellent images for osseous morphology and pathology [9].The
joint space, sclerosis, flattening margins, and bony collapse at articular surfaces are seen
clearly on CBCT images [10]. CBCT can also be used to analyze a 3D configuration of the
TMJ [10–12]; the condylar head volume and the extent of bone loss can be quantified with
CBCT [10,12]. CBCT images obtained in series can be used to assess whether ICR is active
or arrested. Loss of condyle volume means ICR was active between two capture dates.
If no volume was further lost, one can conclude that ICR is no longer active [12]. This is
particularly important for the treatment of ICR.

The aim of this study was to examine the clinical features of ICR such as susceptible
population, the signs and symptoms of TMD and the detailed changes of condylar mor-
phology in patients with ICR. We hypothesized that ICR has characteristic clinical and
imaging manifestations.

2. Materials and Methods
2.1. Participants

This retrospective observational study was approved by the Medical Ethics Committee
of Stomatology Hospital, Zhejiang University School of Medicine (Approval No. 07). The
archives of the patients from the Department of Orthodontics and TMJ specialist clinic
of Stomatology Hospital, Zhejiang University were screened by an experienced doctor
from 2014 to 2020, and all eligible patients were included in the study. The patients were
diagnosed with ICR according to the recommended diagnostic criteria proposed by Peck
et al. [13] The patients reported to our hospital with malocclusion, maxillofacial aesthetic
changes, and TMD, and they had short-term progressive occlusal and facial aesthetic
changes. Cone-beam computed tomography (CBCT) imaging showed significant condylar
bone destruction with an unknown cause. The exclusion criteria for the ICR group were
(1) rheumatoid diseases, (2) developmental malformation, (3) history of craniofacial trauma
or surgery, and (4) previous orthodontic treatment. The control group included patients
scheduled for general orthodontic treatment in the Department of Orthodontics. Only
patients whose CBCT records showed normal condylar images were included. CBCT
imaging was used to evaluate the root bone relationship and perform three-dimensional
(3D) cephalometric analysis. The exclusion criteria for the control group were (1) signs and
symptoms of TMD, (2) rheumatoid diseases, (3) developmental malformation, (4) history
of craniofacial trauma or surgery, and (5) previous orthodontic treatment. The partici-
pants included 60 Chinese patients with ICR (the ICR group: mean age, 20.9 ± 4.3 years;
57 females, 3 males) and 41 age- and gender-matched healthy controls (the control group:
mean age, 20.4 ± 4.5 years; 39 females, 2 males). The ICR group was divided into two
subgroups: 41 bilateral ICR cases were assigned to the bilateral ICR group (mean age,
20.9 ± 4.4 years; 39 females, 2 males) and 19 unilateral ICR cases were assigned to the
unilateral ICR group (mean age, 21.1 ± 4.2 years; 18 females, 1 male).
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2.2. Signs and Symptoms

Signs and symptoms of ICR were obtained through clinical consultation and examina-
tion [14] performed by an experienced doctor within one month after CBCT examination.
Patients without any signs and symptoms of TMD were recruited into the control group.
The symptoms of TMD include (1) joint sounds: clicking and crepitation, (2) orofacial
pain: temporomandibular joint (TMJ) and masticatory muscle pain, and (3) TMJ function:
joint locking and limited mouth opening. The signs of TMD include (1) joint sounds:
clicking and crepitation; (2) orofacial pain: TMJ and masticatory muscle pain on palpation,
and (3) TMJ function: maximal opening and deviation during jaw opening and closing.
Maximum interincisal opening less than 35 mm was defined as limited mouth opening.

2.3. CBCT Images

All CBCT images were obtained using the New Tom VGI device (Quantitative Radi-
ology, Verona, Italy) with the following parameters: 110 kVp, 2.0 mA, 15 × 15 cm field of
view, 0.3 mm voxel size, and 40 s scanning time. The participants stood and bit their teeth
into the maximum intercuspal position. Their heads were positioned with the Frankfort
horizontal (FH) plane parallel to the floor.

2.4. Image Measurements

All image processing and measurements were completed by one examiner who can
use the Dophin software skillfully.

Raw CBCT data were exported in the Digital Imaging and Communications in
Medicine (DICOM) format and reconstructed by the Dolphin Imaging program (version
11, Dolphin Imaging and Management Solutions, Chatsworth, CA, USA). Image orienta-
tion was conducted by rotating the 3D reconstructed image to align with the FH plane
horizontally and both midsagittal and transporionic planes vertically (Figure 1). Condylar
characteristics were evaluated using axial and sagittal reconstructions. The axial slice of
the maximum mediolateral view of the condyle was selected for measurement (the interval
between the slices was 0.5 mm). The measurement parameters included anteroposterior
diameter, transverse diameter, axial angle, axial distance (the distance from the center of
the condylar axis (the intersection of LCo-MCo and ACo-PCo) to the midsagittal line), and
maximal sectional area (Smax) (Figure 2).
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reconstruction. (B): Alignment of the FH plane and the midsagittal plane from the front view.
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Figure 2. Measurements in the axial view of the condyle. (A): Anteroposterior diameter—the distance
from ACo to PCo; transverse diameter—the distance from LCo to MCo; the axial angle (∠α: the
angle between the line connecting LCo to MCo and the midsagittal line); the axial distance (EF)—the
perpendicular distance from the condylar axial center point E (the intersection of LCo-MCo and
ACo-PCo) to midsagittal line. (B): Maximal sectional area (Smax)—the axial condylar area in this
axial slice. (ACo: Most anterior point of the condyle; PCo: Most posterior point of the condyle on
axial plane; LCo: Most lateral point of the condyle; MCo: Most medial point of the condyle).

Two-dimensional radiographic images were created from the 3D data using the “Build
X-ray” function. Lateral cephalometric radiographs were constructed from the left and
right sides of the 3D images (Figure 3). The measurement parameters of the sagittal plane
included the height of the condyle, the angle of the condylar neck, and the distance from
the posterior point of the condyle (Pcd) to the line perpendicular to the FH plane, passing
through the sella point (Pcd-FH-p(S)) (Figure 4). The measurements of condylar neck angle
were performed according to the study by Soon-Jung H et al. [15].
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Figure 4. Measurements in the sagittal view of the condyle. (A): Condylar height—the distance
from Co to the line perpendicular to the R-tan line and passing the deepest point of the sigmoid
notch (R-tan-p). (B): Pcd-FH-p(S)—the distance from Pcd to the line perpendicular to FH plane and
passing S point. (C): Condylar neck angle—the center of the widest width of the condyle (F point)
and the center of the middle part between the top and the widest width of the condyle were marked
(E point); a line was drawn through these two points. The midpoints of the width of the superior
border (G point) and the inferior border (H point) of the middle third of the ascending ramus were
determined. Another line was drawn through these two midpoints. The angle between these two
lines was defined as condylar neck angle. The angle was defined as positive if two lines intersected
below the condyle and negative if they intersected above the condyle. (Co: Most superior point of
the condyle; R-tan line: Tangent to the posterior border of the ramus; Pcd: Most posterior point of
the condyle on sagittal plane; FH plane: Frankfort-horizontal plane; S point: Sella point; Po: The
uppermost point of external auditory canal; Or: The lowest point of orbital margin.)

To eliminate the interference caused by the inclination of the ramus, the 3D skull
image was reoriented before condylar volume measurement. The 3D image was rotated to
align the mandibular ramus vertically. The inferior limit of the condyle was determined
by passing the horizontal plane through the deepest point of the sigmoid notch. The
condyles were delimited and cropped. Semi-automated segmentation of the 3D model was
established. The reorientation and condylar cropping methods were performed according
to the study by Silva et al. [16]. The volume of each condyle was displayed in cubic
millimeters (mm3) (Figure 5).

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 5 of 12 
 

 

 
Figure 4. Measurements in the sagittal view of the condyle. (A): Condylar height—the distance from 
Co to the line perpendicular to the R-tan line and passing the deepest point of the sigmoid notch (R-
tan-p). (B): Pcd-FH-p(S)—the distance from Pcd to the line perpendicular to FH plane and passing S 
point. (C): Condylar neck angle—the center of the widest width of the condyle (F point) and the 
center of the middle part between the top and the widest width of the condyle were marked (E 
point); a line was drawn through these two points. The midpoints of the width of the superior bor-
der (G point) and the inferior border (H point) of the middle third of the ascending ramus were 
determined. Another line was drawn through these two midpoints. The angle between these two 
lines was defined as condylar neck angle. The angle was defined as positive if two lines intersected 
below the condyle and negative if they intersected above the condyle. (Co: Most superior point of 
the condyle; R-tan line: Tangent to the posterior border of the ramus; Pcd: Most posterior point of 
the condyle on sagittal plane; FH plane: Frankfort-horizontal plane; S point: Sella point; Po: The 
uppermost point of external auditory canal; Or: The lowest point of orbital margin.) 

To eliminate the interference caused by the inclination of the ramus, the 3D skull 
image was reoriented before condylar volume measurement. The 3D image was rotated 
to align the mandibular ramus vertically. The inferior limit of the condyle was determined 
by passing the horizontal plane through the deepest point of the sigmoid notch. The con-
dyles were delimited and cropped. Semi-automated segmentation of the 3D model was 
established. The reorientation and condylar cropping methods were performed according 
to the study by Silva et al. [16]. The volume of each condyle was displayed in cubic milli-
meters (mm3) (Figure 5). 

 
Figure 5. Condylar volume measurements. (A,B) Reorientation of the CBCT image before the meas-
urements of condylar volume. The 3D image was rotated to align the mandibular ramus vertically. 
The inferior limit of the condyle was determined by the horizontal plane passing the deepest point 
of the sigmoid notch. (C,D): Condyles were delimited and cropped. The volume of each condyle 
was displayed in cubic millimeters (mm3). 

Definition of landmarks and measurement items are shown in Table 1. 
  

Figure 5. Condylar volume measurements. (A,B) Reorientation of the CBCT image before the
measurements of condylar volume. The 3D image was rotated to align the mandibular ramus
vertically. The inferior limit of the condyle was determined by the horizontal plane passing the
deepest point of the sigmoid notch. (C,D): Condyles were delimited and cropped. The volume of
each condyle was displayed in cubic millimeters (mm3).

Definition of landmarks and measurement items are shown in Table 1.
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Table 1. Definition of landmarks and measurement items.

Landmarks, Constructed Lines and
Measurement Items Abbreviation Definition

Lateral condylar point LCo Most lateral point of the condyle
Medial condylar point MCo Most medial point of the condyle

Anterior condylar point ACo Most anterior point of the condyle
Superior condylar point Co Most superior point of the condyle
Posterior condylar point PCo Most posterior point of the condyle on axial plane

Posterior condylar border point Pcd Most posterior point of the condyle on sagittal plane
Sella S The center of sella on the median sagittal plane of skull

Porion Po The uppermost point of external auditory canal
Orbitale Or The lowest point of orbital margin

Ramus tangent line R-tan Tangent to the posterior border of the ramus
Ramus tangent line

perpendicular R-tan-p Line perpendicular to R-tan and tanging the
deepest point of the sigmoid notch

Frankfort horizontal plane FH plane Line from Po to Or
Anteroposterior diameter ACo-PCo Distance from ACo to PCo

Transverse diameter LCo-MCo Distance from LCO to MCo
Condylar height - Vertical distance from Co to R-tan-p

Maximal sectional area Smax Maximal sectional area of the condyle
Axial angle - Angle between LCo-MCo and midsagittal line

- FH-p(S) Line perpendicular to FH plane and through the sellar point
- Pcd-FH-p(S) Vertical distance from Pcd to FH-p(S)

2.5. Statistical Analysis

To assess the reliability of the measurements, 25 patients with 50 TMJs were randomly
selected for repeated measurements. To ensure intraobserver reliability, the measurements
were repeated by the same examiner after 2 weeks, and for interobserver reliability, another
investigator performed the same measurements after 2 weeks. The intraobserver (correla-
tion coefficients range, 0.926–0.987) and interobserver reliabilities (correlation coefficients
range, 0.924–0.985) were excellent (all, >0.90). Statistical analyses were performed using
SPSS software, version 26 (IBM Co., Armonk, NY, USA). Descriptive statistics are presented
as mean ± standard deviation. The distribution of each data set was analyzed using the
Shapiro–Wilk test. An independent T-test was used to analyze normally distributed data,
while the Mann–Whitney U-test was used to analyze non-normally distributed data. The
Chi-square and Fisher exact tests were used to determine the statistical differences in
signs and symptoms prevalence between the two groups, and p < 0.05 was considered
statistically significant.

3. Results
3.1. Bilateral ICR Group

The proportion of patients with ICR who self-reported their symptoms or had a history
of self-reporting their symptoms were 82.9% in the bilateral ICR group. Clicking, TMJ pain,
joint locking, crepitation, and limited mouth opening were the common TMD symptoms.
Clicking was found in 78.0% of the patients and 69.5% of the joints in the bilateral ICR
group. TMJ pain was found in 36.6% of the patients and 30.5% of the joints in the bilateral
ICR group. Joint locking was found in 19.5% of the patients and 15.9% of the joints in the
bilateral ICR group (Table 2). Our data showed that 73.2% of the patients with ICR had
objective-found signs in the bilateral ICR group. The common signs were opening–closing
deviation, crepitation, clicking, maximum opening limitation, and TMJ tenderness. In the
bilateral ICR group, 48.8% of the patients had opening–closing deviation. Crepitation was
identified in 56.1% of the patients and 46.3% of the joints in the bilateral ICR group. Most
of the measurements variables of the condyle were normally distributed (Shapiro–Wilk
test, p > 0.05) except for the data on axial angle in the bilateral ICR group and on condylar
neck angle in the control group (p < 0.05) (Table 3).
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Table 2. Frequencies and percentages of self-reported symptoms in the ICR group.

Joints Patients

ICR Group Bilateral ICR
Group

Unilateral
ICR Group p ICR Group Bilateral ICR

Group
Unilateral ICR

Group p

Clicking 76/120 (63.3%) 57/82 (69.5%) 19/38 (50.0%) 0.039 * 46/60 (76.7%) 32/41 (78.0%) 14/19 (73.7%) 0.965
TMJ pain 35/120 (29.2%) 25/82 (30.5%) 10/38 (26.3%) 0.640 22/60 (36.7%) 15/41 (36.6%) 7/19 (36.8%) 0.985

Joint locking 22/120 (18.3%) 13/82 (15.9%) 9/38 (23.7%) 0.302 14/60 (23.3%) 8/41 (19.5%) 6/19 (31.6%) 0.484
Crepitation 16/120 (13.3%) 13/82 (15.9%) 3/38 (7.9%) 0.233 10/60 (16.7%) 8/41 (19.5%) 2/19 (10.5%) 0.620

Limited
mouth-

opening
- - 7/60 (11.7%) 5/41 (12.2%) 2/19 (10.5%) 1.000

Symptoms - - 49/60 (81.7%) 34/41 (82.9%) 15/19 (78.9%) 0.990

ICR: Idiopathic condylar resorption; TMJ: Temporomandibular joint. * Bilateral ICR group vs. unilateral ICR
group p < 0.05.

Table 3. Frequencies and percentages of objective-found signs in ICR group.

Joints Patients

ICR Group Bilateral ICR
Group

Unilateral
ICR Group Sig ICR Group Bilateral ICR

Group
Unilateral
ICR Group Sig

Opening–closing
deviation - - - 35/60 (58.3%) 20/41 (48.8%) 15/19 (78.9%) 0.027 *

Crepitation 51/120 (42.5%) 38/82 (46.3%) 13/38 (34.2%) 0.211 32/60 (53.3%) 23/41 (56.1%) 9/19 (47.4%) 0.528
Clicking 13/120 (10.8%) 11/82 (13.4%) 2/38 (5.3%) 0.307 9/60 (15.0%) 7/41 (17.1%) 2/19 (10.5%) 0.786

Maximum opening
limitation - - - 3/60 (5.0%) 2/41 (4.9%) 1/19 (5.3%) 1.000

TMJ and muscle
tenderness 1/120 (0.8%) 0 (0.0%) 1/38 (2.6%) 0.317 1/60 (1.7%) 0 (0.0%) 1/19 (5.3%) 0.317

Signs - - - 47/60 (78.3%) 30/41 (73.2%) 17/19 (89.5%) 0.276

ICR: Idiopathic condylar resorption; TMJ: Temporomandibular joint. * Bilateral ICR group vs. unilateral ICR
group p < 0.05.

The anteroposterior diameter, transverse diameter, height, maximal sectional area,
condyle volume, axial angle, and Pcd-FH-p(S) were significantly smaller, and the condylar
neck angle was significantly larger in the bilateral ICR group compared with the control
group (p < 0.05) (Table 4).

Table 4. Measurements of condylar size, morphology and position in ICR group and control group.

Control Group (n = 41) Bilateral ICR Group
(n = 41)

Resorption Side in
Unilateral ICR Group

(n = 19)

Healthy Side in
Unilateral ICR Group

(n = 19)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Anteroposterior
diameter (mm) 8.07 ± 0.87 6.43 ± 1.11 *** 6.27 ± 1.06 *** 7.51 ± 1.13 *

Transverse diameter
(mm) 18.70 ± 1.97 15.44 ± 2.99 *** 14.81 ± 1.84 *** 16.93 ± 1.90 **

Condylar height (mm) 21.22 ± 3.19 15.89 ± 2.86 *** 15.34 ± 1.39 *** 21.06 ± 3.47
Smax (mm2) 127.67 ± 18.27 88.72 ± 19.03 *** 83.07 ± 13.66 *** 107.77 ± 21.19 ***

Condylar volume
(mm3) 1626.74 ± 406.71 977.49 ± 302.50 *** 893.74 ± 209.87 *** 1442.79 ± 459.13

Axial angle (◦) 71.85 ± 6.18 54.60 ± 10.53 *** 55.58 ± 5.33 *** 68.97 ± 6.83
Condylar neck angle (◦) 0.99 ± 7.38 20.18 ± 7.13 *** 18.34 ± 8.53 *** 4.25 ± 7.29

Axial distance (mm) 51.30 ± 2.40 51.30 ± 2.40 52.51 ± 1.94 53.71 ± 2.19
Pcd-FH-p(S) (mm) 17.11 ± 2.41 13.87 ± 3.14 *** 12.67 ± 2.54 *** 15.84 ± 3.33

vs. control group *** p < 0.001; ** p < 0.01; * p < 0.05.

3.2. Unilateral ICR Group

The proportion of patients with ICR who self-reported their symptoms or had a history
of self-reporting their symptoms was 78.9% in the unilateral ICR group. Clicking was found
in 73.7% of the patients and 50% of the joints in the unilateral ICR group. The prevalence
of clicking in the joints was significantly higher in the bilateral ICR group than in the
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unilateral ICR group (p < 0.05). TMJ pain was found in 36.8% of the patients and 26.3%
of the joints in the unilateral ICR group. Joint locking was found in 31.6% of the patients
and 23.7% of the joints in the unilateral ICR group. However, there was no statistically
significant difference in the overall prevalence of these two symptoms between the bilateral
and unilateral ICR groups (p > 0.05) (Table 2). Our data showed that 89.5% of the patients
with ICR had objective-found signs in the unilateral ICR group. In the unilateral ICR group,
78.9% of the patients had opening–closing deviation. The prevalence of opening–closing
deviation was significantly higher in the unilateral ICR group than in the bilateral ICR
group (p < 0.05). Crepitation was identified in 47.4% of the patients and 34.2% of the joints
in the unilateral ICR group. This result was not significantly different between the groups
(p > 0.05) (Table 3).

In the unilateral ICR group, the anteroposterior diameter, transverse diameter, condy-
lar height, maximal sectional area, condyle volume, axial angle, and Pcd-FH-p(S) were
smaller, and the condylar neck angle was larger on the side with ICR compared with the
control group; the difference was significant (p < 0.05). When the healthy side of patients
in the unilateral ICR group was compared with the control group, the anteroposterior
diameter, transverse diameter, and maximal sectional area were significantly smaller in the
unilateral ICR group (p < 0.05) (Table 4).

4. Discussion

Previous studies have found that ICR was common in females aged 10–40 years [6].
Condylar resorption has always been associated with cosmetic problems, and a large
portion of patients with ICR visited the hospital to improve their appearance but not to
improve the function of the condyle. Considering the extended time it takes for esthetic
changes caused by condylar resorption to begin manifesting, the real age at TMD onset
might probably be earlier than the age at which it is mostly calculated. In our study, 31
out of 60 patients with ICR could provide information on the accurate age at which TMD
symptoms occurred, and the average age was 16.8 ± 3.4 years (range, 12 to 26 years). This
information is important for the clinical characteristics of ICR.

There have been few previous studies on the signs and symptoms of TMD in patients
with ICR. Kristensen et al. [17] found that 20% of patients with ICR had no TMJ arthralgia,
myalgia, or TMJ sounds. Wolford et al. [6] reported that 25% of patients with ICR had no
signs or symptoms of TMD. In this study, we found that 81.7% and 78.3% of the patients
with ICR had self-reported symptoms and objective-found signs, respectively. These results
are consistent with previous studies. Most of the patients with ICR had signs and symptoms
of TMD.

There are many etiologies of joint sounds such as disc displacement, cavitation, re-
duced synovial fluid within the joint, infrequent joint mobilization, and others. However,
the most common cause of joint clicking is disc displacement. Kristensen et al. [14] studied
the signs and symptoms of 25 patients with ICR and found that 52% of the patients and
42% of the joints had the clicking symptom. Previous studies have reported that the preva-
lence of TMJ sounds in patients with progressive condylar resorption (PCR) was 38% to
76% [15,18,19]. Our results showed that clicking prevalence in joints in the bilateral ICR
group was higher than that in the unilateral ICR group (p < 0.05). We found that some pa-
tients with bilateral ICR had unilateral joint clicking, and some patients with unilateral ICR
had bilateral joint clicking. Interestingly, 76.7% of the patients with ICR reported a history
of clicking, but only 15.0% of the patients reported that the sign of clicking was identified
by examination. This may be due to condyle/fossa remodeling during the development of
ICR, which may have improved the disc–condyle relationship.

In our study, about 30% of the patients with ICR suffered from TMJ pain. This result
is similar to those of previous studies. Kristensen et al. [15] reported that TMJ pain was
found in 40% of the patients with ICR. The findings by Handelman and Greene [20]
showed that one-third of the patients with ICR (30.8%) had TMJ pain. The pain intensity is
usually approximately 3–4 out of 10 [6,8]. The main reason for TMJ pain was probably the
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irritation to the nerves caused by abnormal TMJ structure and the dysfunction of relevant
muscles. Patients with ICR were very sensitive to pain, although pain was not the most
common symptom.

TMJ locking was reported in 28% of patients with ICR in the study by Kristensen
et al. [17]. Kerstens et al. [18] reported that 22% of the patients with PCR had the TMJ
locking symptom. Our results showed that 19.5% of the patients and 15.9% of the joints in
the bilateral ICR group had joint locking, while 31.6% of the patients and 23.7% of the joints
had joint locking in the unilateral ICR group. However, the difference between the two
groups was not statistically significant (p > 0.05). We also found that 16.7% of the patients
with ICR self-reported that they had crepitation and 11.7% of the patients had reduced
mouth opening, which are consistent with the results of Kristensen et al. [17], reporting
that 16% of the patients with ICR had reduced mouth opening.

In our study, the prevalence of opening–closing deviation in the unilateral ICR group
was obviously higher than that in the bilateral group (p < 0.05). The reason for opening–
closing deviation could be the difference in joint mobility, especially in the patients with
unilateral ICR, and the proportion of objective-found crepitation was 53.3% in the patients
with ICR, which was extremely higher than the 28% reported in Kristensen et al.’s study [17].
Crepitation indicates bony destruction [21].

The transverse diameter, anteroposterior diameter, and the condylar height were
obviously smaller in the ICR condyles compared to the healthy condyles, which suggests
that resorption occurred in the vertical, sagittal, and horizontal directions. The most
significant reduction was a reduction in condylar height. We found that the average height
of the ICR condyles in the bilateral and unilateral ICR groups was 5.33 mm and 5.88 mm
lower than that of condyles in the control group. Meanwhile, we found that the average
Smax in the bilateral ICR group and unilateral ICR group was 38.95 mm2 and 44.60 mm2

smaller than that in the controls, and the average condylar volume in the bilateral ICR
group and unilateral ICR group was 649.25 mm3 and 733.00 mm3 smaller than that in the
controls, respectively. Yi fan et al. [22] studied the condylar Smax and volume and reported
similar findings. However, the results were not comparable due to different measuring
methods. Clinically, excessive mechanical loading on the condylar tissues leads to the
condylar resorption, and subsequently, the decreased condylar area and volume might
lead to excessive mechanical loading on the condylar tissues, which would cause further
condylar resorption [17,23].

Interestingly, we found that the anteroposterior diameter, transverse diameter, and
maximal sectional area were significantly smaller on the healthy side of the condyle of
the patients in the unilateral ICR group compared with the control group (p < 0.05). We
speculated that systemic pathogenic factors of ICR can influence the development and
remodeling of condyles on the healthy side. Another possible reason was that ICR was
more likely to occur in patients with smaller condyles.

Many morphological variations of the condyle were found in the patients with ICR in
this study. Park et al. [24] reported a mean decrease of 5.7◦ in the condylar axial angle in
patients undergoing orthognathic surgery for condylar remodeling. Kristensen et al. [17]
reported a mean decrease of 10.6 degrees in the condylar axial angle of patients with ICR.
Anatomically, the condylar head emerges from the ramus and rotates outward in a superior
direction, so the change in axial angle may be an index to evaluate the severity of condylar
resorption. Few previous studies have been published on the changes in condylar neck
angle in patients with ICR. Yi fan et al. [22] measured condylar neck angles and reported
similar findings. The results of this study suggested that the condyle rotates inward and
inclined posteriorly after resorption. Such morphological variations of the condyle will
probably change the direction of stress on the condyles and subsequently influence its
growth and remodeling.

The results of the Pcd-FH-p(S) were significantly smaller in the ICR condyles compared
with the condyles of the controls. There was no significant difference in axial distance
between the ICR group and the control group. Previous studies [25,26] have reported



J. Clin. Med. 2022, 11, 4289 10 of 12

that the mandible exhibits decreased vertical ramus height and posterior facial height and
backward rotation in patients with ICR. In the development of ICR, the morphological
and size changes of the mandible and condyle as well as the breaking and reconstruction
of muscle balance moves the condyle to a relatively anterior position. The mechanism is
extremely complicated and needs further research.

As indicated above, ICR is a well-known but poorly understood syndrome with multi-
factorial etiology that predominantly affect young women. The diagnosis and treatment of
ICR is challenging. The results of this study provide a deeper understanding of the clinical
characteristics of ICR. The characteristics of the signs and symptoms of TMD, the real
age at TMD symptom onset, the most common signs and symptoms, the male-to-female
ratio of ICR, and others are helpful for the early diagnosis and risk assessment of high-risk
populations. The results of 3D morphological study of the condyles are helpful for imaging
diagnosis and determination of absorption severity.

We comprehensively evaluated the morphological and positional characteristics of
the condyles in patients with ICR in this study. We are the first to study the different
manifestations of symptoms and signs of bilateral ICR group and unilateral ICR group
separately. However, there were some limitations in this study. (1) There was possible
selection bias: patients attending the hospital might have had a higher prevalence of the
symptoms of TMD than that observed in patients with ICR in a population. (2) Signs and
symptoms of ICR were obtained from clinical consultation and examination, but condylar
resorption may have been static when some of the patients visited the hospital, which may
have led to obtaining incomplete information from the consultation. (3) The sample size is
not large enough for epidemiological analysis. (4) Most of the measurements in this study
were 2D data; condylar morphology should be deeply studied with 3D data. More clinical
and scientific research about ICR should be performed in the future to better understand
ICR and identify appropriate diagnosis and optimal treatment.

5. Conclusions

Most of the patients with ICR had signs and symptoms of TMD. Clicking, TMJ pain and
joint locking were the common TMD symptoms. Opening–closing deviation, crepitation,
and clicking were the common TMD signs. The prevalence of clicking and opening–closing
deviation were significantly different between the bilateral and the unilateral ICR groups.
The size of ICR condyles decreased significantly in patients with ICR compared with
controls. The most significant reduction was the condylar height. The condyles rotate
inward, moved forward, and inclined posteriorly in patients with ICR.

Author Contributions: Y.Y.: Conceptualization, Methodology, Software, Formal analysis, Investi-
gation, Resources; S.W.: Validation, Data curation, Writing—Original draft; M.W.: Investigation,
Data curation, Funding acquisition; X.C.: Supervision, Funding acquisition, Writing—Reviewing and
Editing, Visualization; F.H.: Project administration, Funding acquisition, Writing—Reviewing and
Editing. All authors have read and agreed to the published version of the manuscript.

Funding: This study was partially supported by grants from the National Natural Science Foundation
of China (No. 81970956), Key Research and Development Program of Science and Technology De-
partment of Zhejiang Province (No. 2019C03081), and Zhejiang Province Natural Science Foundation
of China (No. LY19H140002).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Medical Ethics Committee of Stomatology Hospital, Zhejiang
University school of Medicine (Approval No. 07).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data available on request due to restrictions, e.g., privacy or ethical.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2022, 11, 4289 11 of 12

References
1. Gunson, M.J.; Arnett, G.W.; Milam, S.B. Pathophysiology and pharmacologic control of osseous mandibular condylar resorption.

J. Oral Maxillofac. Surg. 2012, 70, 1918–1934. [CrossRef]
2. Gunson, M.J.; Arnett, G.W.; Formby, B.; Falzone, C.; Mathur, R.; Alexander, C. Oral contraceptive pill use and abnormal menstrual

cycles in women with severe condylar resorption: A case for low serum 17beta-estradiol as a major factor in progressive condylar
resorption. Am. J. Orthod. Dentofac. Orthop. 2009, 136, 772–779. [CrossRef]

3. Wolford, L.M. Idiopathic condylar resorption of the temporomandibular joint in teenage girls (cheerleaders syndrome). Proc.
Bayl. Univ. Med. Cent. 2001, 14, 246–252. [CrossRef]

4. Posnick, J.C.; Fantuzzo, J.J. Idiopathic condylar resorption: Current clinical perspectives. J. Oral Maxillofac. Surg. 2007, 65,
1617–1623. [CrossRef]

5. Arnett, G.W.; Milam, S.B.; Gottesman, L. Progressive mandibular retrusion—Idiopathic condylar resorption. Part II. Am. J. Orthod.
Dentofac. Orthop. 1996, 110, 117–127. [CrossRef]

6. Wolford, L.M.; Cardenas, L. Idiopathic condylar resorption. Diagnosis, treatment protocol, and outcomes. Am. J. Orthod. Dentofac.
Orthop. 1999, 116, 667–677. [CrossRef]

7. Arnett, G.W.; Milam, S.B.; Gottesman, L. Progressive mandibular retrusion—Idiopathic condylar resorption. Part I. Am. J. Orthod.
Dentofac. Orthop. 1996, 110, 8–15. [CrossRef]

8. Mehra, P.; Nadershah, M.; Chigurupati, R. Is alloplastic temporomandibular joint reconstruction a viable option in the surgical
management of adult patients with idiopathic condylar resorption? J. Oral Maxillofac. Surg. 2016, 74, 2044–2054. [CrossRef]

9. Sinha, V.P.; Pradhan, H.; Gupta, H.; Mohammad, S.; Singh, R.K.; Mehrotra, D.; Pant, M.C.; Pradhan, R. Efficacy of plain
radiographs, CT scan, MRI and ultra sonography in temporomandibular joint disorders. Natl. J. Maxillofac. Surg. 2012, 3, 2–9.
[CrossRef]

10. Young, A. Idiopathic condylar resorption. The current understanding in diagnosis and treatment. J. Indian Prosthodont. Soc. 2017,
17, 128–135. [CrossRef]

11. Ahmad, M.; Hollender, L.; Anderson, Q.; Kartha, K.; Ohrbach, R.; Truelove, E.L.; John, M.T.; Schiffman, E.L. Research diagnostic
criteria for temporomandibular disorders (RDC/TMD): Development of image analysis criteria and examiner reliability for
image analysis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2009, 107, 844–860. [CrossRef] [PubMed]

12. Xi, T.; Schreurs, R.; van Loon, B.; de Koning, M.; Bergé, S.; Hoppenreijs, T.; Maal, T. 3D analysis of condylar remodeling and
skeletal relapse following bilateral sagittal split advancement osteotomies. J. Cranio-Maxillofac. Surg. 2015, 43, 462–468. [CrossRef]
[PubMed]

13. Peck, C.C.; Goulet, J.P.; Lobbezoo, F.; Schiffman, E.L.; Alstergren, P.; Anderson, G.C.; Leeuw, R.; Jensen, R.; Michelotti, A.; Ohrbach,
R.; et al. Expanding the taxonomy of the diagnostic criteria for temporomandibular disorders. J. Oral Rehabil. 2014, 41, 2–23.
[CrossRef] [PubMed]

14. Schiffman, E.; Ohrbach, R.; Truelove, E.; Look, J.; Anderson, G.; Goulet, J.P.; List, T.; Svensson, P. Diagnostic criteria for tem-
poromandibular disorders (DC/TMD) for clinical and research applications: Recommendations of the International RDC/TMD
Consortium Network and Orofacial Pain Special Interest Group. J. Oral Facial Pain Headache 2014, 28, 6. [CrossRef] [PubMed]

15. Soon-Jung, H.; Piet, E.H.; Burkhardt, S.; Hermann, F.S. Non-surgical risk factors for condylar resorption after orthognathic surgery.
J. Cranio-Maxillofac. Surg. 2004, 32, 103–111.

16. Silva, R.J.; Valadares Souza, C.V.; Souza, G.A.; Ambrosano, G.M.B.; Freitas, D.Q.; Sant’Ana, E.; Oliveira Santos, C. Changes in
condylar volume and joint spaces after orthognathic surgery. Int. J. Oral Maxillofac. Surg. 2018, 47, 511–517. [CrossRef]

17. Kristensen, K.D.; Schmidt, B.; Stoustrup, P.; Pedersen, T.K. Idiopathic condylar resorptions: 3-dimensional condylar bony
deformation, signs and symptoms. Am. J. Orthod. Dentofac. Orthop. 2017, 152, 214–223. [CrossRef]

18. Kerstens, H.C.; Tuinzing, D.B.; Golding, R.P.; van der Kwast, W.A. Condylar atrophy and osteoarthrosis after bimaxillary surgery.
Oral Surg. Oral Med. Oral Pathol. 1990, 69, 274–280. [CrossRef]

19. Hoppenreijs, T.J.; Freihofer, H.P.; Stoelinga, P.J.; Tuinzing, D.B.; van’t Hof, M.A. Condylar remodelling and resorption after Le
Fort I and bimaxillary osteotomies in patients with anterior open bite. A clinical and radiological study. Int. J. Oral Maxillofac.
Surg. 1998, 27, 81–91. [CrossRef]

20. Handelman, C.S.; Greene, C.S. Progressive/idiopathic condylar resorption: An orthodontic perspective. Semin. Orthod. 2013, 19,
55–70. [CrossRef]

21. Hajati, A.K.; Nasstrom, K.; Alstergren, P.; Bratt, J.; Kopp, S. Temporomandibular joint bone tissue resorption in patients with
early rheumatoid arthritis can be predicted by joint crepitus and plasma glutamate level. Mediat. Inflamm. 2010, 2010, 627803.
[CrossRef] [PubMed]

22. He, Y.; Lin, H.; Lin, Q.; Lu, L.; Li, M.; Li, Q.; Xue, J.; Xu, Y. Morphologic changes in idiopathic condylar resorption with different
degrees of bone loss. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2019, 128, 332–340. [CrossRef] [PubMed]

23. Kajii, T.S.; Fujita, T.; Sakaguchi, Y.; Shimada, K. Osseous changes of the mandibular condyle affect backward-rotation of the
mandibular ramus in Angle Class II orthodontic patients with idiopathic condylar resorption of the temporomandibular joint.
Craniomandibular 2019, 37, 264–271. [CrossRef] [PubMed]

24. Park, S.B.; Yang, Y.M.; Kim, Y.I.; Cho, B.H.; Jung, Y.H.; Hwang, D.S. Effect of bimaxillary surgery on adaptive condylar head
remodeling: Metric analysis and image interpretation using cone-beam computed tomography volume superimposition. J. Oral
Maxillofac. Surg. 2012, 70, 1951–1959. [CrossRef]

http://doi.org/10.1016/j.joms.2011.07.018
http://doi.org/10.1016/j.ajodo.2009.07.011
http://doi.org/10.1080/08998280.2001.11927772
http://doi.org/10.1016/j.joms.2007.03.026
http://doi.org/10.1016/S0889-5406(96)70099-9
http://doi.org/10.1016/S0889-5406(99)70203-9
http://doi.org/10.1016/S0889-5406(96)70081-1
http://doi.org/10.1016/j.joms.2016.04.012
http://doi.org/10.4103/0975-5950.102138
http://doi.org/10.4103/jips.jips_60_17
http://doi.org/10.1016/j.tripleo.2009.02.023
http://www.ncbi.nlm.nih.gov/pubmed/19464658
http://doi.org/10.1016/j.jcms.2015.02.006
http://www.ncbi.nlm.nih.gov/pubmed/25779607
http://doi.org/10.1111/joor.12132
http://www.ncbi.nlm.nih.gov/pubmed/24443898
http://doi.org/10.11607/jop.1151
http://www.ncbi.nlm.nih.gov/pubmed/24482784
http://doi.org/10.1016/j.ijom.2017.10.012
http://doi.org/10.1016/j.ajodo.2016.12.020
http://doi.org/10.1016/0030-4220(90)90286-2
http://doi.org/10.1016/S0901-5027(98)80301-9
http://doi.org/10.1053/j.sodo.2012.11.004
http://doi.org/10.1155/2010/627803
http://www.ncbi.nlm.nih.gov/pubmed/20671920
http://doi.org/10.1016/j.oooo.2019.05.013
http://www.ncbi.nlm.nih.gov/pubmed/31253595
http://doi.org/10.1080/08869634.2017.1421446
http://www.ncbi.nlm.nih.gov/pubmed/29359644
http://doi.org/10.1016/j.joms.2011.08.017


J. Clin. Med. 2022, 11, 4289 12 of 12

25. Moore, K.E.; Gooris, P.J.; Stoelinga, P.J. The contributing role of condylar resorption to skeletal relapse following mandibular
advancement surgery: Report of five cases. J. Oral Maxillofac. Surg. 1991, 49, 448–460. [CrossRef]

26. Hwang, S.J.; Haers, P.E.; Sailer, H.F. The role of a posteriorly inclined condylar neck in condylar resorption after orthognathic
surgery. J. Cranio-Maxillofac. Surg. 2000, 28, 85–90. [CrossRef]

http://doi.org/10.1016/0278-2391(91)90166-J
http://doi.org/10.1054/jcms.2000.0129

	Introduction 
	Materials and Methods 
	Participants 
	Signs and Symptoms 
	CBCT Images 
	Image Measurements 
	Statistical Analysis 

	Results 
	Bilateral ICR Group 
	Unilateral ICR Group 

	Discussion 
	Conclusions 
	References

