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Abstract
Objectives This study assessed the incidence of postfracture radiological temporomandibular joint (TMJ) degeneration in 
patients with different types of mandibular fractures, focusing on the impact of condylar fractures.
Methods This retrospective review included patients diagnosed as having mandibular fractures from 2016 to 2020 who had 
undergone initial computed tomography (CT) and a follow-up CT scan at least 1-month postfracture. Patient demographics, 
fracture details, treatment methods, and radiological signs of TMJ degeneration on CT were analyzed to identify risk factors 
for postfracture TMJ degeneration, with a focus on condylar head fracture and non-head (condylar neck or base) fractures.
Results The study included 85 patients (mean age: 38.95 ± 17.64 years). The per-patient analysis indicated that the incidence 
of new radiologic TMJ degeneration on CT was significantly the highest (p < 0.001) in patients with condylar head fractures 
(90.91%), followed by those with non-head condylar fractures (57.14%), and those without condylar involvement (24.49%). 
The per-joint analysis indicated nearly inevitable degeneration (93.94%) in 33 TMJs with ipsilateral condylar head fractures. 
For the remaining 137 TMJs, multivariate logistic regression revealed that other patterns (ipsilateral non-head, contralateral, 
or both) of condylar fractures (odds ratio (OR) = 3.811, p = 0.007) and the need for open reduction and internal fixation 
(OR = 5.804, p = 0.005) significantly increased the risk of TMJ degeneration.
Conclusions Ipsilateral non-head condylar fractures and contralateral condylar fractures are associated with a high risk of 
postfracture TMJ degeneration. Indirect trauma plays a vital role in postfracture TMJ degeneration.

Keywords Temporomandibular joint disorders · Mandibular fractures · Computed tomography · Intracapsular fractures · 
Extracapsular fractures

Introduction

Mandibular fractures are a common type of craniofacial 
injury [1]. Their epidemiology and etiology vary across 
regions, being influenced largely by economic, social, 

cultural, and traffic conditions [1–3]. They are most com-
monly noted in people aged 20–30 years, with a male-to-
female ratio of 1.25:1–6.1:1 [4–8]. In some areas, assault 
injuries are the primary cause of mandibular fractures, most 
commonly at the mandibular angle [4, 5]. Motorcycle acci-
dents have also been cited as a major cause, with the sym-
physis/parasymphysis and condyle being the most frequently 
involved sites [2, 3, 8–10]. Computed tomography (CT) is 
routinely employed for the diagnosis of mandibular frac-
tures because it can clearly detect both bony destruction and 
concurrent head and neck injuries [11]. The management 
of mandibular fractures primarily depends on the fracture 
pattern; the two prevalent approaches are closed reduction 
and surgical reduction with internal fixation [12]. Complica-
tions associated with mandibular fractures include wound 
infection, nonunion, malocclusion, temporomandibular joint 
(TMJ) dysfunction, and TMJ degeneration [13–15].
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TMJ degeneration is characterized by chronic degenera-
tive changes, including osteophyte formation, subchondral 
sclerosis, and joint space narrowing [16, 17]. Its etiology is 
multifactorial, with prominent risk factors including age; 
sex; genetics; and mechanical stress, such as parafunction, 
joint overload, and trauma [18]. Mandibular fractures are 
often considered to be associated with the onset of TMJ 
degeneration [19]. Although many patients with TMJ 
degeneration remain asymptomatic, chronic pain and joint 
dysfunction are the two most prevalent symptoms of TMJ 
degeneration, and they significantly impair the patient’s 
quality of life [7, 20]. Conventional CT or cone-beam CT 
is often used to assess bone changes in TMJ degeneration, 
whereas magnetic resonance imaging (MRI) is commonly 
used to evaluate injuries to soft tissue, such as the articular 
disc [21–24].

The aetiological mechanisms of TMJ injury following 
mandibular fracture can be categorized into direct trauma 
(condylar head fracture or contusion of the TMJ) and indi-
rect trauma (non-head condylar or contralateral mandibular 
fractures) [25]. The effects of indirect injury, as analyzed 
in animal models, remain a subject of ongoing debate [26, 
27]. As suggested by Ku, degenerative changes can mani-
fest in the TMJ within one month after condylar fractures 
[28]. Although these degenerative changes have been dem-
onstrated histologically and radiologically in case series, no 
large clinical study has compared the incidence of radio-
logical TMJ degeneration across the different patterns of 
mandibular fracture [29, 30].

In this study, we analyzed the effect of mandibular frac-
ture locations on the incidence of TMJ degeneration in post-
fracture CT scans, focusing on the different risks of TMJ 
degeneration caused by condylar head, neck, and base frac-
tures. We also explored correlations between basic patient 
characteristics and TMJ degeneration.

Material and methods

This retrospective study was conducted at a level 1 trauma 
center and was approved by our Institutional Review Board 
(no. 202300954B0). This study was designed and conducted 
following the Helsinki Declaration. We searched our hos-
pital’s radiological reporting system for patients admitted 
with mandibular fractures between January 1, 2016, and 
December 31, 2020. The inclusion criteria were as follows: 
(1) being ≥ 18 years of age, (2) having a new diagnosis of 
mandibular fracture in the study period, (3) having initial 
craniofacial bone CT images within 24 h of trauma, and (4) 
having follow-up CT scans including the TMJ taken at least 
one month after trauma. Patients with mandibular fractures 
at our hospital underwent CT scans using an Aquilion One 
320-row (Toshiba, Tokyo, Japan) and a BrightSpeed 16-row 

(GE, Milwaukee, USA) scanner. Images were scanned in the 
axial plane at 120 kVp and 100 mAs, with a field of view of 
25 × 25 cm and a matrix size of 512 × 512. The slice thick-
ness for axial bone window images was set at 1.0 mm with 
no inter-slice gapping. Coronal and sagittal reformatting 
was performed at a slice thickness of 3.0 mm, also with-
out inter-slice gapping. Intravenous contrast medium was 
not routinely administered. To minimize the confounding 
of potential condyle remodeling on the assessment of con-
dyle degenerative changes, patients under the age of 18 were 
excluded. Patients with marked motion or metallic artifacts 
on CT images that could affect assessments were excluded 
from subsequent analysis.

We reviewed the patient’s electronic medical records 
and obtained data on their age, sex, treatment methods for 
mandibular fractures, and follow-up duration. Poor clinical 
outcome was defined as persistent maximal mouth opening 
(MMO) < 35 mm in postfracture follow-up. Treatment meth-
ods were divided into two categories: conservative treatment 
(either no treatment or maxillomandibular fixation) and open 
reduction and internal fixation (ORIF). Images from the ini-
tial CT scan obtained at the time of trauma and follow-up CT 
scans were retrieved from the Picture Archiving and Com-
munication System. The reports and images of the initial 
CT scans were reviewed to evaluate the fracture pattern, 
displacement, presence of TMJ dislocation, and any preex-
isting TMJ degeneration. The fracture sites were categorized 
into eight regions: symphysis/parasymphysis, body, angle, 
ramus, coronoid process, condylar base, condylar neck, and 
condylar head [30–32]. For clarity in statistical presentation, 
we defined “non-head condylar fractures” as those involving 
either the neck or the base of the mandibular condyle. Image 
interpretation for newly identified TMJ degeneration on the 
follow-up CT scan was conducted independently by a head-
neck radiology specialist with 11 years of experience and a 
fourth-year radiology resident. Discrepancies in interpreta-
tion were resolved through discussion. On CT images, the 
presence of bony cortex erosion, sclerotic changes, osteo-
phyte formation, or subchondral cysts at the condylar head 
were defined as indications of TMJ degenerative changes 
[21].

The interrater agreement for TMJ degeneration was 
assessed using Cohen's kappa statistic. Subsequent analyses 
were performed at the patient and joint levels, referred to as 
per-patient and per-joint analyses, respectively. For the per-
patient analysis, patients were stratified into three groups: 
(1) Patients with mandibular fractures that do not involve 
the condyle, (2) patients with mandibular fractures including 
non-head condylar fractures but not the condylar head, and 
(3) patients with any mandibular fractures involving either 
a unilateral or bilateral condylar head. The prevalence of 
post-mandibular fracture TMJ degeneration was assessed 
using a chi-square test. For the per-joint analysis, TMJs with 



387Oral Radiology (2024) 40:385–393 

ipsilateral condylar head fractures were excluded from sub-
sequent analyses because they almost inevitably developed 
degenerative changes and showed potential remodeling in 
our study. This exclusion aimed to prevent class imbalance 
and separation issues in logistic regression [33, 34]. The 
association between patient demographic characteristics and 
the newly developed TMJ degeneration observed on follow-
up CT scans was assessed using univariate binary logistic 
regression, and variables with p < 0.05 (which indicated 
significance in this study) were included in a multivariate 
binary logistic regression model. For the per-patient and per-
joint analyses, we employed ANOVA and the independent 
t-test to examine any differences in CT follow-up durations 
between groups. Additionally, we used the chi-square test to 
assess the relationship between postfracture TMJ degenera-
tion on CT and poor clinical outcomes (MMO < 35 mm). All 
statistical analyses were conducted using RStudio version 
2023.06.0 (Boston, MA, USA).

Results

Between 2016 and 2020, 832 patients were identified as 
having mandibular fractures on CT scans, 197 of whom 
were diagnosed as having new-onset mandibular fractures. 
After excluding 79 patients without follow-up CT scans, 6 
with previously healed mandibular fractures, 10 who were 

under 18 years of age at the time of the fracture, and 17 
with inadequate baseline or follow-up CT scans for evalu-
ation of TMJ, 85 patients (mean age at the time of trauma: 
38.95 ± 17.64 years) were included in this study. The male-
to-female ratio was 1.66:1. The average follow-up interval 
for CT scans was 12.79 ± 12.24 months. On the initial CT 
images, 57 (67.06%) patients had displacement of the man-
dibular fractures, 33 (38.82%) had TMJ dislocation, and 14 
(16.47%) had preexisting TMJ degenerative changes. In all, 
51 (60.00%) patients underwent ORIF for mandibular frac-
tures. ORIF was utilized for the fixation of non-condylar 
mandibular fractures in 34 patients, condylar fractures in 3 
patients, and both condylar and non-condylar mandibular 
fractures in 14 patients. The patients’ demographic charac-
teristics and details of the mandibular fractures are summa-
rized in Table 1. The Cohen’s kappa values were 0.835 for 
the per-patient analysis and 0.873 for the per-joint analysis, 
indicating strong interobserver agreement.

Per‑patient analysis

Of the 85 patients, 49 (57.65%) had mandibular fractures not 
involving the condyle (Group 1), 14 (16.47%) had mandibu-
lar fractures involving non-head condylar fractures but not 
the condylar head (Group 2), and 22 (25.88%) had mandibu-
lar fractures involving either a unilateral or bilateral con-
dylar head (Group 3). We identified new radiological signs 

Table 1  Demographics of 85 
enrolled patients

#  TMJ temporomandibular joint
$  MMO maximal mouth opening
&  ORIF open reduction and internal fixation

Characteristics Number (%) or mean ± SD

Right Left Total

Gender (Male/Female) 53 (62.35) / 32 (37.65)
Age (years) 38.95 ± 17.64
Duration of CT follow-up (months) 12.79 ± 12.24
Fracture site displacement 57 (67.06)
ORIF& for mandible fracture 51 (60.00)
Pre-existing  TMJ# degeneration 10 (11.76) 8 (9.41) 14 (16.47)
TMJ dislocation 26 (30.59) 25 (29.41) 33 (38.82)
Fracture site
Symphysis/parasymphysis 52 (61.18)
Body 12 (14.12) 14 (16.47) 23 (27.06)
Angle 7 (8.24) 5 (5.88) 10 (11.76)
Ramus 4 (4.71) 4 (4.71) 8 (9.41)
Coronoid 8 (9.41) 7 (8.24) 17 (17.65)
Condylar base 7 (8.24) 13 (15.29) 16 (18.82)
Condylar neck 8 (9.41) 7 (8.24) 13 (15.29)
Condylar head 19 (22.35) 14 (16.47) 22 (25.88)
New TMJ degeneration post fracture 33 (38.82) 27 (31.76) 40 (47.06)
Poor clinical outcome  (MMO$ < 35 mm) 17 (20.00)
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of TMJ degeneration on follow-up CT scans in 40 patients 
(47.06%). These included bony cortex erosion in 30 patients, 
osteophyte formation in 29 patients, subchondral cysts in 
15 patients, and sclerotic changes in 11 patients. The per-
patient analysis revealed a nonrandom distribution of new 
TMJ degeneration among the three groups, with the risk 
being lowest in Group 1 (24.49%) and highest in Group 3 
(90.91%). Among the 22 patients in Group 3, all 11 patients 
with bilateral condylar head fractures and 9 of 11 patients 
with unilateral condylar head fractures had new TMJ degen-
eration. In Group 2, new TMJ degeneration was observed in 
8 of 14 patients (57.14%), which was higher than in Group 
1 (Table 2). The chi-square test results revealed significant 
differences among the groups (p < 0.001). Among the 51 
patients who received ORIF treatment, 30 (58.82%) were 
found to have postfracture TMJ degeneration. In contrast, 
among the 34 patients who underwent conservative treat-
ment, only 10 (29.41%) exhibited such degeneration. For the 
CT follow-up duration, there was no significant difference 
among the three patient groups as determined by ANOVA 
(p = 0.405). For the clinical outcome, postfracture new TMJ 
degeneration on CT was significantly correlated with persis-
tent MMO < 35 mm (p = 0.001).

Per‑joint analysis

As many as 31 of 33 TMJs (93.94%) with ipsilateral con-
dylar head fracture exhibited TMJ degeneration on the 
follow-up CT scan. Because of this high risk, these 33 
TMJs were excluded from the subsequent per-joint regres-
sion analysis. Of the remaining 137 sides of TMJs, 10 were 
associated with ipsilateral non-head condylar fractures, 19 
with any (base, neck, or head) contralateral condylar frac-
tures, and another 10 sides were associated with both ipsi-
lateral non-head condylar fracture and any contralateral 
condylar fractures. In total, 39 (28.47%) TMJs were asso-
ciated with ipsilateral and/or contralateral condylar frac-
tures, whereas 98 (71.53%) TMJs did not have a coexist-
ing condylar fracture. The results of the per-joint analysis, 
which investigated the association between demographic 

characteristics, condylar fracture, fracture instability, treat-
ment methods, and the risk of ensuing TMJ degenerative 
changes on follow-up CT scans, are presented in Table 3. 

Univariate logistic regression analysis revealed that 
ipsilateral and/or contralateral condylar fractures [odds 
ratio (OR) = 3.458, p = 0.004], displacement at the frac-
ture site (OR = 2.673, p = 0.038), TMJ dislocation on 
the initial CT (OR = 3.174, p = 0.027), and the need for 
ORIF for mandibular fractures (OR = 6.145, p = 0.001) 
were significantly associated with new postfracture TMJ 
degeneration. The patients’ age (OR = 0.966, p = 0.022) 
and the duration of CT follow-up (OR = 0.905, p = 0.005) 
were other significant factors; however, their ORs were 
very close to 1, indicating a relatively small effect size. By 
contrast, sex (p = 0.179) and preexisting TMJ degeneration 
(p = 0.972) were not significant in the univariate analy-
sis. Subsequently, we conducted a multivariate logistic 
regression analysis using 4 significant factors noted in the 
prior univariate analysis: patients’ age, the duration of CT 
follow-up, the presence of ipsilateral and/or contralateral 
condylar fractures, and the need for ORIF. Because of the 
association between displacement at the fracture site, TMJ 
dislocation on initial CT images, and the need for ORIF, 
we only selected the necessity for ORIF, which exhibited 
the highest OR and smallest p-value among these three 
factors, in the multivariate analysis. All these 4 factors 
remained significant, with the adjusted ORs for ipsilat-
eral and/or contralateral condylar fracture (OR = 3.811, 
p = 0.007) and ORIF (OR = 5.804, p = 0.005) suggesting 
a significant increase in the risk of new radiologic TMJ 
degeneration when these factors were present. However, 
the patients’ age (OR = 0.962, p = 0.036) and the duration 
of follow-up (OR = 0.925, p = 0.021) remained associated 
with borderline significance (ORs close to 1) after adjust-
ment. Regarding the CT follow-up duration between the 
TMJs with and without associated condylar fracture, the 
t-test showed no significant difference (p = 0.462). Addi-
tionally, postfracture TMJ degeneration on CT was also 
correlated with poor clinical outcomes in the per-joint 
analysis (p = 0.005).

Table 2  Facture types 
and their association with 
temporomandibular joint (TMJ) 
degeneration in per-patient 
analysis

Data was presented as number (%)
$  “Non-head condylar fractures” were defined as fractures involving either condylar neck or condylar base
#  Patients with both head and non-head condylar fractures were categorized in the third group
*  Indicating p-value < 0.005

Condylar involvement in mandible fracture Total Postfracture TMJ degeneration p-value

(+) (−)

Not involving condyle 49 (57.65) 12 (30.00) 37 (82.22)  < 0.001*

With non-head condylar  fracture$ 14 (16.47) 8 (20.00) 6 (13.33)
With condylar head  fracture# 22 (25.88) 20 (50.00) 2 (4.44)
Total 85 40 45
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Discussion

In our cohort of patients with mandibular fractures, most 
were men and young adults. Moreover, the most frequent 
fracture site was the symphysis/parasymphysis, followed by 
the condyle. Despite this being a retrospective single-center 
study including only patients with both initial and follow-up 
CT images, our cohort is comparable to those in previous 
studies [2, 7–9]. Therefore, we believe that our results can be 
representative of general patients with mandibular fractures.

Estimating the incidence of TMJ degeneration following 
mandibular fractures is challenging due to its complex and 
multifactorial etiology [35]. A study involving 165 patients 
revealed histological TMJ degeneration in 38.3% of patients 
with a history of mandibular trauma [36]. Another study 
involving 99 patients with mandibular fractures reported 
a > 10% incidence of TMJ pain and clicking [25]. Instead of 
assessing TMJ degeneration based on patients’ symptoms, 
we focused on radiologically indicated changes in TMJ 
degeneration in follow-up CT images. We identified new 
TMJ degeneration in 47.06% of patients after mandibular 
fracture, which was higher than the incidence reported in 
the other studies. The discrepancy between the clinical and 
radiological incidences of TMJ degeneration might be due to 
the presence of asymptomatic TMJ degeneration. In asymp-
tomatic sides of the temporomandibular joint (TMJ), the 
proportion of abnormal condyle morphology on CT scans 
can reach up to 24.9%, while the proportion of abnormal 
disc position on MRI scans can be as high as 58.2% [37]. 
Although radiological findings correlate with symptoms, 

whether patients with asymptomatic TMJ degeneration will 
eventually develop symptomatic temporomandibular disease 
remains uncertain. Further studies should explore the rela-
tionships between radiological findings and symptoms of 
TMJ postfracture TMJ degeneration.

The incidence of TMJ degeneration in our patients with 
condylar head fractures (Fig. 1) was significantly higher 
than in those without condylar involvement (Fig. 2). Sev-
eral case series have also suggested the development of TMJ 
degeneration following condylar head fracture; however, in-
depth investigation into this phenomenon with radiological 
images has been lacking [38, 39]. Our findings support the 
claim that direct trauma caused by condylar head fractures 
can precipitate joint degeneration, with a high incidence 
(90.91% in our per-patient analysis and 93.94% in our per-
joint analysis). Soft tissue injury induced by condylar head 
fractures, such as disc perforation or displacement, can allow 
the condylar head to be in direct contact with the glenoid 
fossa; moreover, the fragmented condylar head can lead to 
the formation of an irregular joint surface [19, 40–42]. These 
changes can exacerbate intra-articular friction, subsequently 
leading to TMJ degeneration.

The per-joint analysis, in which we excluded TMJs with 
ipsilateral condylar head fractures, still indicated other 
condylar involvement as a significant risk factor for TMJ 
degeneration in patients with mandibular fractures (Fig. 3). 
These findings suggest that an ipsilateral non-head condy-
lar fracture, regardless of the presence of a simultaneous 
contralateral condylar fracture, can increase the likelihood 
of new TMJ degenerative changes on follow-up CT scans. 

Table 3  Per-joint analysis of univariate and multivariate logistic regression of 137 temporomandibular joints (TMJ) after excluding ipsilateral 
condylar head fracture

Data was presented as mean ± SD or number
*  Indicating p-value < 0.05
**  Indicating p-value < 0.005

All TMJ Postfracture TMJ degenera-
tion

Univariate analysis p-value Multivariate analysis p-value

(+) (−) Odds ratio (95% CI) Odds ratio (95% CI)

Age (years) 37.84 ± 17.18 31.30 ± 14.06 39.67 ± 17.58 0.966 (0.938–0.995) 0.022* 0.962 (0.924–0.995) 0.036*

CT follow-up (months) 12.14 ± 11.54 6.80 ± 6.48 13.64 ± 12.21 0.905 (0.838–0.963) 0.005** 0.925 (0.859–0.982) 0.021*

Male patients 83 15 68 0.574 (0.253–1.298) 0.179
Condylar fracture 39 15 24 3.458 (1.482–8.072) 0.004** 3.811 (1.463–10.301) 0.007*

Contralateral condyle 19 3 16
Ipsilateral condyle 10 3 7
Bilateral condyle 10 9 1
Old TMJ degeneration 18 4 14 1.022 (0.310–3.370) 0.972
Fracture site displacement 82 24 58 2.673 (1.057–6.761) 0.038*

TMJ dislocation 19 8 11 3.174 (1.142–8.817) 0.027*

ORIF treatment 81 26 55 6.145 (2.007–18.813) 0.001** 5.804 (1.887–22.697) 0.005**

Total 137 30 107
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Studies have investigated the effect of indirect trauma on 
the pathogenesis of subsequent TMJ degeneration. In a case 
series involving arthroscopy examination of 20 patients 
with new condylar neck fractures, 38 of 40 TMJs exhibited 
intra-articular damage, such as hemarthrosis or disc shred-
ding [43]. Such damage can precipitate biochemical changes 
within the TMJ, leading to disc degeneration and joint adhe-
sion, consistent with the findings of animal studies [26]. The 
present study focused on the detection of TMJ degenerative 
changes on CT images and provides radiological evidence 
of TMJ degeneration following indirect trauma. Because of 
the small study sample, we did not perform subgroup analy-
ses comparing the incidences of TMJ degeneration among 
TMJs associated with contralateral, ipsilateral, and bilateral 
condylar fractures. However, the incidence was highest in 
TMJs associated with bilateral condylar fractures, followed 
by those associated with ipsilateral non-head condylar 
involvement (Table 3).

Although we did not assess soft tissue injuries within the 
TMJ, MRI studies may offer some insight in this regard. 
Although MRI is not as effective as CT for detecting bony 
degenerative changes of the mandibular condyle, it is more 
sensitive in examining intra-articular soft tissues, particu-
larly for identifying injuries and degeneration of the disc, as 

demonstrated in Fig. 4 [44]. A study including 19 patients 
with different degrees of condylar trauma with and without 
fractures reported that patients with condylar head fractures 
or TMJ dislocations had a higher incidence of capsular tear 
and hemarthrosis [45]. These findings emphasize that direct 
and indirect trauma exert different effects on the TMJ, poten-
tially leading to differences in the degree of degenerative 
changes. Another study that focused on TMJ disc changes 
recruited 100 patients with mandibular fractures and per-
formed initial and follow-up MRIs 5 years after the frac-
ture. The results revealed anterior disc displacement in all 
20 patients with bilateral condylar fractures but only in 2 of 
20 patients without condylar involvement. Moreover, 7 of 20 
patients with unilateral condylar fractures exhibited anterior 
disc displacement over contralateral TMJ involvement [30]. 
Although anterior disc displacement is generally considered 
to precede TMJ degeneration, TMJ degeneration can also 
occur without disc displacement [19]. Combining the find-
ings from these MRI studies with those from our study, we 
speculate that non-head condylar fractures, despite not caus-
ing direct osseous damage within the TMJ, may pose a risk 
of subsequent joint degeneration through indirect injuries to 
the intra-articular soft tissues, such as the disc or ligament.

In our study, univariate logistic regression analy-
ses revealed that displacement at the fracture site, TMJ 

Fig. 1  Initial CT scans in coronal (A) and sagittal (B) planes of a 
49-year-old woman revealed a right mandibular condylar head frac-
ture with fracture site displacement and right temporomandibular 
joint (TMJ) subluxation. No apparent fracture in the left mandibular 
condyle is shown in (C). Coronal (D) and sagittal (E) reformatted 
images of the follow-up CT scan, taken 10 months after conservative 
treatment, showed condylar deformity, marked osteophyte formation, 
and potential remodeling. In contrast, no degenerative changes were 
observed in the left TMJ on the follow-up CT (F)

Fig. 2  Initial CT images of a 38-year-old man showed mandibular 
symphysis and left body fracture in the axial plane (A). No fracture, 
dislocation, or pre-existing degeneration was noted in the right (B) 
and left (C) temporomandibular joints (TMJ) on sagittal reformation 
of the initial CT. The patient underwent surgical fixation for the man-
dible fracture (D). Follow-up CT images 9 months after the fracture 
showed no apparent degenerative changes in the right (E) and left (F) 
TMJ
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dislocation on initial CT images, and the need for ORIF 
were significantly associated with an increased risk of TMJ 
degeneration. Displacement at the fracture site and TMJ 
dislocation may suggest a relatively high-energy and com-
plex fracture mechanism, postfracture skeletal instability, 
impaired masticatory function, and a need for ORIF [1, 7]. 

During the surgical treatment of non-head condylar frac-
tures, it’s also possible to alter the TMJ disc position, leading 
to disc displacement and subsequently causing TMJ degen-
eration [45]. For example, CT images of the patient in Fig. 3 
show that the joint space in both TMJs became narrower 
on follow-up CT, which might be due to disc displacement 
following the operation. To avoid confounding effects, we 
selected the necessity for ORIF, which exhibited the high-
est OR and smallest p-value among these three factors in 
the multivariate analysis. We found that it was a significant 
independent risk factor for TMJ degeneration.

This study has several limitations. First, this was a single-
center retrospective study. Future large-scale prospective 
studies are warranted to mitigate selection bias and validate 
our findings. Second, we did not control for differences in 
CT scan protocols, which might have introduced bias due 
to inconsistent imaging parameters. However, this inherent 
drawback of a retrospective study may have been somewhat 
mitigated by having two dedicated readers reviewing the CT 
images, thus offering a degree of reliability in the results. 
Third, the timing of CT follow-up for enrolled patients was 
inconsistent, representing another intrinsic limitation of a 
retrospective study. Patients with more complex diseases or 
complications may have been examined more often. Indeed, 
our study results indicate a relatively small and negative 
OR regarding the effect of the duration of CT follow-up on 
postfracture TMJ degeneration. Fourth, we did not exclude 
patients with preexisting TMJ degeneration because we 
aimed to investigate whether a preexisting condition can 
exacerbate postfracture TMJ degeneration. The results 
indicated that it did not. Finally, we relied solely on CT for 
detecting radiological TMJ degenerative changes, which is 
limited in distinguishing soft tissue changes such as disc 
degeneration and ligament injury. Further research that 
involves a larger patient population and incorporating both 
standardized CT and MRI evaluations can provide better 
sensitivity for clarifying the mechanism of indirect trauma 
in the TMJ following mandibular fracture.

Conclusion

Our data indicated that ipsilateral condylar head fractures 
are associated with a near-certain onset of radiologic TMJ 
degeneration. This risk is also higher with other patterns of 
condylar fractures and the need for ORIF. These findings 
jointly suggest that both direct and indirect trauma follow-
ing fracture play a vital role in TMJ degeneration. Clinicians 
should carefully evaluate patients with mandibular fractures 
displaying symptoms of TMJ degeneration during follow-up, 
and timely and appropriate treatment should be initiated to 
mitigate the subsequent joint degeneration and its effects on 
masticatory function.

Fig. 3  A 21-year-old man had mandibular symphysis (not shown), 
right condylar base (B), and left (C) condylar base fractures. The cor-
onal reformatted image of the initial CT showed displacement at the 
right condylar fracture site and angulation at the left condylar fracture 
site (A). However, no condylar head fracture or pre-existing condylar 
degeneration was detected on the initial CT scan. The patient under-
went surgical treatment for his bilateral mandibular fractures (D). A 
follow-up CT scan 4 months later revealed newly developed postfrac-
ture condylar degeneration with bony cortex erosion on the sagittal 
planes of the right (E) and left (F) temporomandibular joints

Fig. 4  A The initial CT of a 35-year-old female with mandibular 
fractures at the right condylar base and left parasymphysis showed 
no evident bony deformity in the left TMJ. B The 12-month follow-
up CT revealed left condylar head bony cortex erosion. A 9-month 
follow-up TMJ MRI showed significant thinning and suspected per-
foration in the intermediate zone of the left TMJ disc, as well as ante-
rior disc displacement with reduction on closed-mouth (C) and open-
mouth (D) sagittal proton density-weighted images



392 Oral Radiology (2024) 40:385–393

Acknowledgements Not applicable.

Author contributions CLS: Conceptualization; Data curation; Formal 
analysis; Methodology; Resources; Software; Visualization; Writ-
ing—original draft. ACS: Data curation; Formal analysis; Methodol-
ogy; Software; Supervision; Writing—review & editing. CCC: Con-
ceptualization; Methodology; Resources; Supervision; Validation; 
Writing—review & editing. AYL: Conceptualization; Methodology; 
Resources; Supervision; Validation; Writing—review & editing. CHY: 
Conceptualization; Formal analysis; Investigation; Methodology; Pro-
ject administration; Resources; Software; Supervision; Validation; 
Writing—review & editing.

Funding The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest

Ethics approval All procedures followed were in accordance with the 
ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2008. Approval was granted by the Institutional 
Review Board (IRB) of the Chang Gung Medical foundation (IRB No.: 
202300954B0). The IRB reviewed and determined that it is expedited 
review according to case research or cases treated or diagnosed by 
clinical routines.

Informed consent The IRB approves the waiver of the participants' 
consent.

References

 1. Iida S, Kogo M, Sugiura T, Mima T, Matsuya T. Retrospective 
analysis of 1502 patients with facial fractures. Int J Oral Maxil-
lofac Surg. 2001;30:286–90. https:// doi. org/ 10. 1054/ ijom. 2001. 
0056.

 2. Chen Y-T, Chiu Y-W, Chang Y-C, Lin C-W. Ten-year retrospective 
study on mandibular fractures in central Taiwan. J Int Med Res. 
2020;48:0300060520915059. https:// doi. org/ 10. 1177/ 03000 60520 
915059.

 3. Lin FY, Wu CI, Cheng HT. Mandibular fracture patterns at a med-
ical center in central Taiwan: A 3-Year Epidemiological Review. 
Medicine (Baltimore). 2017;96:e9333. https:// doi. org/ 10. 1097/ 
md. 00000 00000 009333.

 4. Afrooz PN, Bykowski MR, James IB, Daniali LN, Clavijo-Alvarez 
JA. The epidemiology of mandibular fractures in the united states, 
Part 1: a review of 13,142 cases from the us national trauma data 
bank. J Oral Maxillofac Surg. 2015;73:2361–6. https:// doi. org/ 10. 
1016/j. joms. 2015. 04. 032.

 5. Czerwinski M, Parker WL, Chehade A, Williams HB. Identifi-
cation of mandibular fracture epidemiology in Canada: Enhanc-
ing injury prevention and patient evaluation. Can J Plast Surg. 
2008;16:36–40. https:// doi. org/ 10. 1177/ 22925 50308 01600 107.

 6. Dongas P, Hall GM. Mandibular fracture patterns in Tasmania, 
Australia. Aust Dent J. 2002;47:131–7. https:// doi. org/ 10. 1111/j. 
1834- 7819. 2002. tb003 16.x.

 7. Fridrich KL, Pena-Velasco G, Olson RA. Changing trends with 
mandibular fractures: a review of 1,067 cases. J Oral Maxillo-
fac Surg. 1992;50:586–9. https:// doi. org/ 10. 1016/ 0278- 2391(92) 
90438-6.

 8. Krishnaraj S, Chinnasamy R. A 4-year retrospective study of 
mandibular fractures in a South Indian city. J Craniofac Surg. 
2007;18:776–80. https:// doi. org/ 10. 1097/ scs. 0b013 e3180 69005d.

 9. Fang C-Y, Tsai H-Y, Yong C-Y, Ohiro Y, Chang Y-C, Teng N-C. 
A 10-year retrospective study on mandibular fractures in Northern 
Taiwan. J Dental Sci. 2023;18:1330–7. https:// doi. org/ 10. 1016/j. 
jds. 2023. 04. 010.

 10. Lin KC, Peng SH, Kuo PJ, Chen YC, Rau CS, Hsieh CH. Patterns 
associated with adult mandibular fractures in southern Taiwan-
a cross-sectional retrospective study. Int J Environ Res Public 
Health. 2017;14:821. https:// doi. org/ 10. 3390/ ijerp h1407 0821.

 11. Roth FS, Kokoska MS, Awwad EE, et al. The identification of 
mandible fractures by helical computed tomography and panorex 
tomography. J Craniofac Surg. 2005;16:394–9. https:// doi. org/ 10. 
1097/ 01. scs. 00001 71964. 01616. a8.

 12. Serebrakian A, Maricevich R, Pickrell B. Mandible Fractures. 
Semin Plast Surg. 2017;31:100–7. https:// doi. org/ 10. 1055/s- 0037- 
16013 74.

 13. Furr AM, Schweinfurth JM, May WL. Factors associated with 
long-term complications after repair of mandibular fractures. 
Laryngoscope. 2006;116:427–30. https:// doi. org/ 10. 1097/ 01. Mlg. 
00001 94844. 87268. Ed.

 14 Lamphier J, Ziccardi V, Ruvo A, Janel M. Complications of man-
dibular fractures in an urban teaching center. J Oral Maxillofac 
Surg. 2003;61:745–9. https:// doi. org/ 10. 1016/ s0278- 2391(03) 
00147-2.

 15. Leuin SC, Frydendall E, Gao D, Chan KH. Temporomandibu-
lar joint dysfunction after mandibular fracture in children. Arch 
Otolaryngol Head Neck Surg. 2011;137:10–4. https:// doi. org/ 10. 
1001/ archo to. 2010. 237.

 16. Nitzan DW, Svidovsky J, Zini A, Zadik Y. Effect of arthrocente-
sis on symptomatic osteoarthritis of the temporomandibular joint 
and analysis of the effect of preoperative clinical and radiologic 
features. J Oral Maxillofac Surg. 2017;75:260–7. https:// doi. org/ 
10. 1016/j. joms. 2016. 08. 017.

 17. Abrahamsson AK, Kristensen M, Arvidsson LZ, Kvien TK, Lar-
heim TA, Haugen IK. Frequency of temporomandibular joint oste-
oarthritis and related symptoms in a hand osteoarthritis cohort. 
Osteoarthritis Cartilage. 2017;25:654–7. https:// doi. org/ 10. 1016/j. 
joca. 2016. 12. 028.

 18. Kalladka M, Quek S, Heir G, Eliav E, Mupparapu M, Viswa-
nath A. Temporomandibular joint osteoarthritis: diagnosis and 
long-term conservative management: a topic review. J Indian 
Prosthodont Soc. 2014;14:6–15. https:// doi. org/ 10. 1007/ 
s13191- 013- 0321-3.

 19. Delpachitra SN, Dimitroulis G. Osteoarthritis of the temporo-
mandibular joint: a review of aetiology and pathogenesis. Br J 
Oral Maxillofac Surg. 2022;60:387–96. https:// doi. org/ 10. 1016/j. 
bjoms. 2021. 06. 017.

 20. Krisjane Z, Urtane I, Krumina G, Neimane L, Ragovska I. The 
prevalence of TMJ osteoarthritis in asymptomatic patients with 
dentofacial deformities: a cone-beam CT study. Int J Oral Maxil-
lofac Surg. 2012;41:690–5. https:// doi. org/ 10. 1016/j. ijom. 2012. 
03. 006.

 21. Ahmad M, Hollender L, Anderson Q, et al. Research diagnostic 
criteria for temporomandibular disorders (RDC/TMD): develop-
ment of image analysis criteria and examiner reliability for image 
analysis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2009;107:844–60. https:// doi. org/ 10. 1016/j. tripl eo. 2009. 02. 023.

 22. Lim MJ, Lee JY. Computed tomographic study of the patterns of 
oesteoarthritic change which occur on the mandibular condyle. 
J Craniomaxillofac Surg. 2014;42:1897–902. https:// doi. org/ 10. 
1016/j. jcms. 2014. 07. 009.

 23. Walewski L, Tolentino ES, Yamashita FC, Iwaki LCV, da Silva 
MC. Cone beam computed tomography study of osteoarthritic 
alterations in the osseous components of temporomandibular 

https://doi.org/10.1054/ijom.2001.0056
https://doi.org/10.1054/ijom.2001.0056
https://doi.org/10.1177/0300060520915059
https://doi.org/10.1177/0300060520915059
https://doi.org/10.1097/md.0000000000009333
https://doi.org/10.1097/md.0000000000009333
https://doi.org/10.1016/j.joms.2015.04.032
https://doi.org/10.1016/j.joms.2015.04.032
https://doi.org/10.1177/229255030801600107
https://doi.org/10.1111/j.1834-7819.2002.tb00316.x
https://doi.org/10.1111/j.1834-7819.2002.tb00316.x
https://doi.org/10.1016/0278-2391(92)90438-6
https://doi.org/10.1016/0278-2391(92)90438-6
https://doi.org/10.1097/scs.0b013e318069005d
https://doi.org/10.1016/j.jds.2023.04.010
https://doi.org/10.1016/j.jds.2023.04.010
https://doi.org/10.3390/ijerph14070821
https://doi.org/10.1097/01.scs.0000171964.01616.a8
https://doi.org/10.1097/01.scs.0000171964.01616.a8
https://doi.org/10.1055/s-0037-1601374
https://doi.org/10.1055/s-0037-1601374
https://doi.org/10.1097/01.Mlg.0000194844.87268.Ed
https://doi.org/10.1097/01.Mlg.0000194844.87268.Ed
https://doi.org/10.1016/s0278-2391(03)00147-2
https://doi.org/10.1016/s0278-2391(03)00147-2
https://doi.org/10.1001/archoto.2010.237
https://doi.org/10.1001/archoto.2010.237
https://doi.org/10.1016/j.joms.2016.08.017
https://doi.org/10.1016/j.joms.2016.08.017
https://doi.org/10.1016/j.joca.2016.12.028
https://doi.org/10.1016/j.joca.2016.12.028
https://doi.org/10.1007/s13191-013-0321-3
https://doi.org/10.1007/s13191-013-0321-3
https://doi.org/10.1016/j.bjoms.2021.06.017
https://doi.org/10.1016/j.bjoms.2021.06.017
https://doi.org/10.1016/j.ijom.2012.03.006
https://doi.org/10.1016/j.ijom.2012.03.006
https://doi.org/10.1016/j.tripleo.2009.02.023
https://doi.org/10.1016/j.jcms.2014.07.009
https://doi.org/10.1016/j.jcms.2014.07.009


393Oral Radiology (2024) 40:385–393 

joints in asymptomatic patients according to skeletal pattern, 
gender, and age. Oral Surg Oral Med Oral Pathol Oral Radiol. 
2019;128:70–7. https:// doi. org/ 10. 1016/j. oooo. 2019. 01. 072.

 24. Li L, Shi H, Xie H, Wang L. MRI assessment and histopathologic 
evaluation of subchondral bone remodeling in temporomandibular 
joint osteoarthritis: a retrospective study. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2018;126:355–62. https:// doi. org/ 10. 1016/j. 
oooo. 2018. 05. 047.

 25. Tabrizi R, Bahramnejad E, Mohaghegh M, Alipour S. Is the fre-
quency of temporomandibular dysfunction different in various 
mandibular fractures? J Oral Maxillofac Surg. 2014;72:755–61. 
https:// doi. org/ 10. 1016/j. joms. 2013. 10. 018.

 26. Luz JGC, Jaeger RG, de Araújo VC, de Rezende JRV. The effect 
of indirect trauma on the rat temporomandibular joint. Int J Oral 
Maxillofac Surg. 1991;20:48–52. https:// doi. org/ 10. 1016/ S0901- 
5027(05) 80697-6.

 27. Goss AN, Bosanquet AG. The arthroscopic appearance of 
acute temporomandibular joint trauma. J Oral Maxillofac Surg. 
1990;48:780–3. https:// doi. org/ 10. 1016/ 0278- 2391(90) 90330-5.

 28. Ku JK, Baik SH, Kim JY, Huh JK. Follow-up evaluation of tem-
poromandibular joints using magnetic resonance imaging after 
mandibular trauma: case series analysis of young adult males. 
Dent Traumatol. 2022;38:136–42. https:// doi. org/ 10. 1111/ edt. 
12719.

 29. Wu X-G, Hong M, Sun K-H. Severe osteoarthrosis after fracture 
of the mandibular condyle: a clinical and histologic study of seven 
patients. J Oral Maxillofac Surg. 1994;52:138–42. https:// doi. org/ 
10. 1016/ 0278- 2391(94) 90395-6.

 30. Nabil Y. Evaluation of the effect of different mandibular frac-
tures on the temporomandibular joint using magnetic resonance 
imaging: five years of follow-up. Int J Oral Maxillofac Surg. 
2016;45:1495–9. https:// doi. org/ 10. 1016/j. ijom. 2016. 05. 002.

 31. Cornelius C-P, Audigté L, Kunz C, et al. The comprehensive 
AOCMF classification system: mandible fractures—level 2 tuto-
rial. Craniomaxillofac Trauma Reconstr. 2014;7:S015–30. https:// 
doi. org/ 10. 1055/s- 0034- 13895 57.

 32. Neff A, Cornelius CP, Rasse M, Torre DD, Audigé L. The com-
prehensive AOCMF classification system: condylar process 
fractures—level 3 tutorial. Craniomaxillofac Trauma Reconstr. 
2014;7:S044–58. https:// doi. org/ 10. 1055/s- 0034- 13895 59.

 33. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events 
per variable in logistic and Cox regression. Am J Epidemiol. 
2007;165:710–8. https:// doi. org/ 10. 1093/ aje/ kwk052.

 34. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A 
simulation study of the number of events per variable in logistic 
regression analysis. J Clin Epidemiol. 1996;49:1373–9. https:// 
doi. org/ 10. 1016/ s0895- 4356(96) 00236-3.

 35. Giannakopoulos HE, Quinn PD, Granquist E, Chou JC. Post-
traumatic temporomandibular joint disorders. Craniomaxillofac 

Trauma Reconstr. 2009;2:91–101. https:// doi. org/ 10. 1055/s- 0029- 
12158 72.

 36. Norman JE. Post-traumatic disorders of the jaw joint. Ann R Coll 
Surg Engl. 1982;64:29–36.

 37. Li C, Zhang Q. Comparison of imaging findings of 714 sympto-
matic and asymptomatic temporomandibular joints: a retrospec-
tive study. BMC Oral Health. 2023;23:79. https:// doi. org/ 10. 1186/ 
s12903- 023- 02783-9.

 38. Gola R, Chossegros C, Waller PY, Delmar H, Cheynet F. Frac-
tures of the condylar region. Rev Stomatol Chir Maxillofac. 
1992;93:70–5.

 39. Cascone P, Leonardi R, Marino S, Carnemolla ME. Intracapsu-
lar fractures of mandibular condyle: diagnosis, treatment, and 
anatomical and pathological evaluations. J Craniofacial Surg. 
2003;14:184–91.

 40. Machon V, Levorova J, Hirjak D, Drahos M, Foltan R. Temporo-
mandibular joint disc perforation: a retrospective study. Int J Oral 
Maxillofac Surg. 2017;46:1411–6. https:// doi. org/ 10. 1016/j. ijom. 
2017. 05. 008.

 41. Yang X, Yao Z, He D, Cai Y, Dong M, Yang C. Does soft tissue 
injury affect intracapsular condylar fracture healing? J Oral Maxil-
lofac Surg. 2015;73:2169–80. https:// doi. org/ 10. 1016/j. joms. 2015. 
05. 030.

 42. Li Z, Djae KA, Li ZB. Post-traumatic bifid condyle: the pathogen-
esis analysis. Dent Traumatol. 2011;27:452–4. https:// doi. org/ 10. 
1111/j. 1600- 9657. 2011. 01035.x.

 43 Goss AN, Bosanquet AG. The arthroscopic appearance of 
acute temporomandibular joint trauma. J Oral Maxillofac Surg. 
1990;48:780–3. https:// doi. org/ 10. 1016/ 0278- 2391(90) 90330-5.

 44 Kiliç SC, Kiliç N, Güven F, Sümbüllü MA. Is magnetic resonance 
imaging or cone beam computed tomography alone adequate for 
the radiological diagnosis of symptomatic temporomandibular 
joint osteoarthritis? A retrospective study. Int J Oral Maxillofac 
Surg. 2023. https:// doi. org/ 10. 1016/j. ijom. 2023. 04. 005.

 45. Gerhard S, Ennemoser T, Rudisch A, Emshoff R. Condylar injury: 
magnetic resonance imaging findings of temporomandibular joint 
soft-tissue changes. Int J Oral Maxillofac Surg. 2007;36:214–8. 
https:// doi. org/ 10. 1016/j. ijom. 2006. 09. 013.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.oooo.2019.01.072
https://doi.org/10.1016/j.oooo.2018.05.047
https://doi.org/10.1016/j.oooo.2018.05.047
https://doi.org/10.1016/j.joms.2013.10.018
https://doi.org/10.1016/S0901-5027(05)80697-6
https://doi.org/10.1016/S0901-5027(05)80697-6
https://doi.org/10.1016/0278-2391(90)90330-5
https://doi.org/10.1111/edt.12719
https://doi.org/10.1111/edt.12719
https://doi.org/10.1016/0278-2391(94)90395-6
https://doi.org/10.1016/0278-2391(94)90395-6
https://doi.org/10.1016/j.ijom.2016.05.002
https://doi.org/10.1055/s-0034-1389557
https://doi.org/10.1055/s-0034-1389557
https://doi.org/10.1055/s-0034-1389559
https://doi.org/10.1093/aje/kwk052
https://doi.org/10.1016/s0895-4356(96)00236-3
https://doi.org/10.1016/s0895-4356(96)00236-3
https://doi.org/10.1055/s-0029-1215872
https://doi.org/10.1055/s-0029-1215872
https://doi.org/10.1186/s12903-023-02783-9
https://doi.org/10.1186/s12903-023-02783-9
https://doi.org/10.1016/j.ijom.2017.05.008
https://doi.org/10.1016/j.ijom.2017.05.008
https://doi.org/10.1016/j.joms.2015.05.030
https://doi.org/10.1016/j.joms.2015.05.030
https://doi.org/10.1111/j.1600-9657.2011.01035.x
https://doi.org/10.1111/j.1600-9657.2011.01035.x
https://doi.org/10.1016/0278-2391(90)90330-5
https://doi.org/10.1016/j.ijom.2023.04.005
https://doi.org/10.1016/j.ijom.2006.09.013

	Temporomandibular joint degenerative changes following mandibular fracture: a computed tomography-based study on the role of condylar involvement
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Results
	Per-patient analysis
	Per-joint analysis

	Discussion
	Conclusion
	Acknowledgements 
	References




