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Abstract
Background The relationship between joint effusion and temporomandibular disorders (TMD) remains unclear. 
The purpose of this study was to investigate the correlation among joint effusion, clinical features and MRI imaging 
features of TMD.

Methods A total of 1532 temporomandibular joints (TMJs) from 766 patients (605 females and 161 males) with the 
mean age of 31.68 ± 13.71 years from January 2022 to June 2023 were included in the study. Clinical and MRI features 
were collected and analyzed. Chi-Square test, Spearman correlation coefficient and binary logistic regression analysis 
were performed.

Results Patients with joint effusion were significantly older and had smaller value of MIO (p < 0.001). There 
were significant differences in the distribution of joint sounds (with or without), joint pain (with or without), disc 
morphology (biconcave, contracture, irregular and lengthened) and disc position between joint effusion group (JE) 
and non-joint effusion group (NA) (P < 0.05).The odds of having joint effusion were 1.726 higher in patients with joint 
sounds when compared to those without joint sounds. The odds of having joint effusion were 8.463 higher in patients 
with joint pain when compared to those without joint pain. The odds of having joint effusion were 2.277 higher in 
patients with contracture when compared to those with biconcave. The odds of having joint effusion were 1.740 
higher in patients with anterior disc displacement with reduction (ADDWR) when compared to those with normal 
disc position. The prediction accuracy of this model is 74.9%, and the area under curve (AUC) is 79.5%, indicating that 
it can be used for the prediction and the judgment effect is average.

Conclusions The results demonstrated that joint sounds, joint pain, contracture, and ADDWR are high risk factors for 
joint effusion, especially joint pain.

Trial registration This study was retrospectively registered on 28/03/2022 and endorsed by the Ethics Committee of 
Affiliated Stomatology Hospital of Guangzhou Medical University (LCYJ2022014).
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Background
Temporomandibular disorders (TMD) are a group of 
disorders involving the temporomandibular joint (TMJ), 
masticatory muscles, and related bone and soft tissues, 
usually characterized by clinical symptoms such as joint 
sounds, pain, and limited mouth opening. Standard clini-
cal examination and necessary imaging examination are 
the key to the diagnosis of TMD.

Magnetic resonance imaging (MRI) of the temporo-
mandibular joint (TMJ) is a well-established diagnostic 
imaging technique that can provide detailed anatomi-
cal information, such as disc morphology, disc position, 
condylar morphology and joint effusion, and is currently 
considered as a important complementary exam for the 
diagnosis of TMD [1].

In consideration that some patients with abnormal 
MRI images have no obvious clinical symptoms, or some 
patients with obvious TMD symptoms have no obvious 
imaging changes, scholars have carried out several stud-
ies on the correlation between clinical manifestations and 
imaging features. Among them, many studies focused on 
the correlation between disc morphology, disc position 
or condylar morphology and clinical symptoms, but few 
studies on joint effusion [2–5]. And our previous research 
suggested that the imaging findings of TMJs were signifi-
cantly different between symptomatic and asymptomatic 
TMJs [6].

Synovial fluid of TMJ is the dialysate of plasma, which 
can provide nutrients such as lipids, cholesterol, phos-
pholipids and hyaluronic acid for TMJs, help remove the 
waste products [7], lubricate the TMJs and also affect the 
pressure distribution. Many studies at the cellular and 
molecular level have demonstrated that synovial fluid 
plays an important role in the pathogenesis of TMD [8]. If 
a high signal intensity in the TMJ is seen in T2-weighted 
sequences of MRI, it is defined as a joint effusion [9]. The 
quantification of joint effusion in MRI is difficult, so the 
reliability and validity of the measurement is question-
able. The definition of joint effusion varies from study to 
study. Some are based on the number of high signal con-
tinuous layers involved, and some are based on the width 
of the fluid accumulation [10, 11]. Vogl et al. [3] divided 
the possible signals of fluid into no signals, signals of fluid 
and joint effusion.

The association among joint effusion, clinical symp-
toms of TMD and other MRI images of TMJ is con-
troversial. Although the classification of joint effusion 
varies, these studies all suggest that effusion was obvi-
ously related to ADDwoR [1, 12, 13]. In addition, the inci-
dence of joint effusion is significantly higher in patients 
suffering from the joint pain and TMJ arthritis than in 
healthy volunteers [14, 15]. However, Manfredini et al. 
[16] concluded that the relationship between the cause of 
disc displacement and joint effusion is not clear. Studies 

revealing the association among joint effusion, other clin-
ical manifestations and disc morphology, etc., are seldom 
and lack large sample sizes.

Since the relationship between joint effusion and TMD 
remains unclear, the main objective of this retrospective 
study was to investigate the correlation between joint 
effusion and clinical features and MRI imaging features 
of TMD patients, aiming to providing a reference for 
clinical treatment of TMJ effusion.

Methods
Study design
This study was endorsed by the Ethics Committee of the 
Affiliated Stomatology Hospital of Guangzhou Medi-
cal University (LCYJ2022014). The need for written 
informed consent was waived because of the retrospec-
tive nature of this study. Eligible patients admitted to 
the TMJ Diagnosis and Treatment Center from Janu-
ary 2022 to June 2023 were recruited in the study. MRI 
images of the TMJ region were accrued from consecutive 
new patients in the imaging center. Clinical data from the 
electronic health records of corresponding patients were 
retrieved to evaluate the relationship among joint effu-
sion, clinical symptoms and other MRI characteristics. 
All participants received clinical examination according 
to Diagnostic Criteria for TMDs (DC/TMD) methodol-
ogy. Cases with high-quality of MRI images and sufficient 
valid clinical data were included, and those with maxillo-
facial trauma and tumor, prior TMJ surgery, orthodontics 
treatment, ankylosis, severe morphological abnormalities 
of TMJ and poor quality scanning images were excluded.

Simple random sampling
Simple random sampling in IBM SPSS Statistics 23 soft-
ware was used to select participants for this study. The 
specific process is as follows: (1) Set random seeds: open 
the Random Number Generator and set the seed to 
20,230,914. (2) Set numeric expression: open the Com-
pute and set the Numeric Expression to RV.UNIFORM 
(0, 100). (3) All data generates a corresponding random 
number. (4) Random numbers are sorted from small to 
large. (5) According to the required sample size, select 
the corresponding research objects in front.

A total of 1532 TMJs from 766 participants (605 
females and 161 males) with the mean age of 31.68 ± 13.71 
years were brought into the study. The flow diagram of 
the case selection process was shown in Fig.  1. All the 
cases were divided into 2 groups: the joint effusion (JE) 
group and the non-joint effusion (NA) group.

Clinical examination
All patients underwent professional clinical examina-
tion according to DC/TMD Axis I. Clinical examina-
tion results like joint sounds, joint pain, and maximal 
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interincisal opening (MIO) are recorded in the elec-
tronic medical records. The clinical examination data 
obtained in this study are as the follows. Joint sounds 
and joint pain were recorded by palpation around the 
TMJ region. Patients were guided to perform jaw move-
ment, including opening and closing movement, forward 
and backward movement and lateral movement 3 times 
respectively. In terms of joint sounds, clicking, pop-
ping, and crepitation were recorded as abnormal. Cases 
with joint pain were recorded as abnormal. The distance 
between the upper and lower incisors when opening the 
mouth as wide as possible was recorded as MIO.

Magnetic resonance imaging
MRI images of bilateral TMJs were obtained at closed 
and wide open mouth positions by a 1.5T MR Imaging 
scanner (UNITED IMAGING uMR, China). The patients 
were supine and wore ear plugs to protect their ears. 
In the closed-mouth position, the TMJ oblique sagittal 
plane and the coronal plane were captured when patients 
were in the intercuspal position. In the open-mouth 
position, the TMJ oblique sagittal plane were captured 
when patients were asked to open the mouth as wide as 
possible and bite a mouth opener. T1 weighted images 

(T1WI), T2 weighted images (T2WI) and proton-density 
weighted images (PDWI) were scaned. The field-of-view 
(FOV) was set to 140 × 140 mm, with the section of thick-
ness (Thk) set to 2.5 mm. Averagely, 9 images each were 
taken for each TMJ, 30 min per patient.

MRI diagnosis
Disc morphology
Based on oblique sagittal PDWI at closed-mouth posi-
tion, the disc morphology was divided into four types 
according to the degree of folding [6]. (1) Biconcave: the 
normal articular disc with narrowed intermediate zone 
and fully visible posterior and anterior bands. (2) Length-
ened: the articular disc with equal thickness of the ante-
rior, intermediate, and posterior band. (3) Contracture: 
the articular disc with contracture shape. (4) Irregular: 
the articular disc with irregular strip or nodules disc 
shape, or the disc is missing in shape and the signal is 
discontinuous.

Disc position
Based on oblique sagittal adiposity-suppressed T2WI 
both at closed- and open-mouth position, the disc dis-
placement is divided into 5 types [6]. (1) The posterior 

Fig. 1 Flow diagram of the case selection process
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band of the disc located directly superior to the condylar 
head in the closed position (between 11 and 12 o’clock) is 
defined as the normal disc position (NA). (2) The poste-
rior band of the disc located anterior to the condylar head 
in the closed position (< 11 o’clock), and turned normal 
in the open position is defined as anterior disc displace-
ment with reduction (ADDWR). (3) The posterior band 
of the disc located anterior to the condylar head in the 
closed position (< 11 o’clock), and did not turn normal 
in the open position is defined as anterior disc displace-
ment without reduction (ADDWoR). (4) The posterior 
band of the disc located posterior to the condylar head 
in the closed position (> 1 o’clock), and turned normal in 
the open position is defined as posterior disc displace-
ment with reduction (PDDWR). (5) The posterior band 
of the disc located posterior to the condylar head in the 
closed position (> 1 o’clock), and did not turn normal in 
the open position is defined as posterior disc displace-
ment without reduction (PDDWoR).

Joint effusion
Based on oblique sagittal adiposity-suppressed T2WI 
at closed-mouth position, the joint effusion was divided 
into two types according to the liquid signal. (1) No joint 
effusion (NA). (2) The liquid signal involving more than 4 
consecutive layers of images is defined as joint effusion.

Condylar bone morphology
Based on oblique sagittal adiposity-suppressed T2WI at 
closed-mouth position, the condylar bone morphology is 
divided into normal and abnormal. The presence of ero-
sion, destruction, osteophyte, sclerosis or cystic changes 
on the articular surface was defined as the abnormal.

Bone marrow oedema
Bone marrow edema is diagnosed when condylar bone 
marrow exhibited hyperintense changes on oblique sagit-
tal PDWI and hypointense changes on T1WI at closed-
mouth position. The presence/absence of bone marrow 
oedema was recorded.

Establishment of binary logistic regression model
Since the Chi-square test of joint sounds, joint pain, disc 
morphology and disc position had statistical significance, 
a binary Logistic regression model was established for 
these four categories. The presence and absence of joint 

effusion were taken as the dependent variables, and the 
Logistic regression values were defined as no joint effu-
sion = 0 and joint effusion = 1, respectively. The following 
features were used as independent variables to establish a 
Logistic model (including criteria P < 0.05 and excluding 
criteria P > 0.1). The forward method was used for step-
wise regression. Criteria for assigning values: joint sounds 
(normal = 0 and abnormal = 1); joint pain (normal = 0 and 
abnormal = 1); disc morphology (biconcave = 0, length-
ened = 1, contracture = 2 and irregular = 3); disc position 
(normal = 0, ADDWR = 1, ADDWoR = 2, PDDWR = 3 and 
PDDWoR = 4).

Data analysis
SPSS Statistics 23.0 software was used for statistical 
analysis of the eligible data. The mean age and MIO were 
described by mean ± standard deviation. Chi-Square test 
was performed for the distribution of sex, joint sounds, 
joint pain, disc morphology, disc position, joint effusion, 
condylar bone morphology, and bone marrow oedema. 
Pearson Chi-Square test was performed for the expected 
frequency of less than 5. Spearman correlation coeffi-
cient was performed to assess the correlations between 
the study variables. Single-factor binary logistic regres-
sion analysis was used to initially screen out the variables 
that might be meaningful. The preliminary screening 
boundary value was P < 0.1. If the difference of the factor 
was statistically significant (P < 0.1), such indicator was 
included in multi-factor binary logistic regression analy-
sis to further verify the effect and estimate the effect size. 
The receiver operating curve (ROC) was used to assess 
the predicting accuracy of this model. P < 0.05 was con-
sidered statistically significant.

Results
Basic characteristics
In this study, 383 patients with joint effusion were 
included in joint effusion group (JE), and another 383 
eligible patients which were randomly selected by SPSS 
Statistics 23.0 software were included in non-joint effu-
sion group (NA). Secondly, as shown in Table 1, the 383 
patients with joint effusion were divided into two groups 
according to the joint effusion side: joint effusion on one 
side (1JE) group (n = 308) and joint effusion on two-side 
(2JE) group (n = 75). Female ratio, the mean age and MIO 
were studied among 1JE (n = 308), 2JE (n = 75), and NA 

Table 1 Basic characteristics of the included patients
1JE (n = 308) 2JE (n = 75) NA (n = 383) P value

Female n (%) 251 (81.5) 63 (84.0) 291 (76.0) χ2 = 4.388, P = 0.111
Age (mean ± SD) 32.98 ± 13.83 33.46 ± 16.78 30.18 ± 12.71 F = 116.651, P = 0.000
MIO (mean ± SD) 37.39 ± 9.10 36.98 ± 8.91 42.25 ± 7.55 F = 897.720, P = 0.000
Female ratio was obtained from Pearson Chi-Square test analysis and the mean age and MIO were obtained from one-way ANOVA. Where: MIO = maximal interincisal 
opening. Significant difference was set at P < 0.05.



Page 5 of 9Li et al. BMC Oral Health          (2024) 24:314 

(n = 383) (Table  1). There was no significant difference 
in gender distribution (χ2 = 4.388, P = 0.111). There were 
significant differences in age and MIO among the three 
groups (F = 116.651, P = 0.000 and F = 897.720, P = 0.000, 
respectively). Patients with joint effusion were older and 
had less mouth opening, especially in 2JE group.

Comparison between the JE side and NA side of TMJs
Firstly, we divided 1532 TMJs into 2 groups according to 
whether or not there was a joint effusion: JE side (n = 458) 
and NA side (n = 1074). The distribution and the indirect 
relation were performed by Pearson Chi-Square test and 
Spearman correlation coefficient respectively, as shown 
in Table 2.

There were significant differences in the distribu-
tion of joint sounds (χ2 = 22.351, P = 0.000), joint pain 
(χ2 = 345.874, P = 0.000), disc morphology (χ2 = 77.872, 
P = 0.000), disc position (χ2 = 75.319, P = 0.000) and con-
dylar bone morphology (χ2 = 10.063, P = 0.002) in the JE 
side group and NA side group (P < 0.05), and showed pos-
itively correlated with joint effusion (P < 0.05). There was 
no significant difference in the distribution of condylar 

bone marrow edema in the JE side group and NA side 
group (χ2 = 0.227, P = 0.634).

The proportion of joint sounds in the NA side group 
was higher than that in the JE side group. Patients with-
out joint pain ranked first in the NA side group, while 
patients with joint pain ranked first in the JE side group. 
Both in the NA side and JE side group, contracture 
ranked first followed by biconcave, irregular, length-
ened; and ADDWoR ranked first followed by ADDWR, 
NA, PDDWR, PDDWoR. Patients with normal condy-
lar bone morphology ranked first in the NA side group, 
while patients with abnormal condylar bone morphology 
ranked first in the JE side group.

In order to prevent errors caused by uneven sample 
sizes, another 458 TMJs were randomly selected from 
766 TMJs without joint effusion from NA side group 
by SPSS software as the control group, as shown in 
Table  3. The distribution and the indirect relation were 
performed by Pearson Chi-Square test and Spearman 
correlation coefficient respectively. There were sig-
nificant differences in the distribution of joint sounds 
(χ2 = 4.200, P = 0.040), joint pain (χ2 = 190.960, P = 0.000), 
disc morphology (χ2 = 70.635, P = 0.000) and disc position 
(χ2 = 53.983, P = 0.000) in the JE side group and NA side 
group (P < 0.05), and showed positively correlated with 
joint effusion (P < 0.05). There were no significant differ-
ences in the distribution of condylar bone morphology 
and condylar bone marrow edema in the JE side group 
and NA side group (χ2 = 1.262, P = 0.261 and χ2 = 0.227, 
P = 0.634).

Differences from the above statistical results include 
the followings: (1) In the NA side group, biconcave 
ranked first followed by contracture, irregular and 
lengthened. (2) In the JE side group, contracture ranked 
first followed by biconcave, irregular and lengthened. (3) 
In the NA side group, ADDWoR ranked first followed by 
NA, ADDWR, PDDWR and PDDWoR. (4) In the JE side 
group, ADDWoR ranked first followed by ADDWR, NA, 
PDDWR and PDDWoR.

In order to avoid the interference of non-joint effu-
sion TMJs from patients with unilateral joint effusion, 
we finally randomly selected 458 TMJs from 766 TMJs 
in patients without joint effusion as the control group for 
the follow-up study.

Risk factors for joint effusion of TMJs
Firstly, the single-factor binary logistic regression analy-
sis was conducted between the NA side and JE side 
group. The preliminary screening boundary value was 
P < 0.1. Statistical analysis of PDDWR and PDDWoR 
was not performed because of the small number of cases 
with PDD according to clinical knowledge. The overall 
differences of joint sounds, joint pain, disc morphology 
and disc position were statistically significant (P < 0.1) 

Table 2 Comparison between all the JE and NA TMJs
NA side
(n = 1074)

JE side
(n = 458)

P value r, P

Joint 
sounds

normal (%) 770 (71.7) 272 (59.4) χ2 = 22.351,
P = 0.000

r = 0.121,
P = 0.000abnor-

mal (%)
304 (28.3) 186 (40.6)

Joint 
pain

normal  (%) 889 (82.8) 158 (34.5) χ2 = 345.874,
P = 0.000

r = 0.475,
P = 0.000abnor-

mal  (%)
185 (17.2) 300 (65.5)

Disc 
mor-
phology

bicon-
cave (%)

389 (36.2) 84 (18.3) χ2 = 77.872,
P = 0.000

r = 0.154,
P = 0.000

length-
ened (%)

118 (11.0) 33 (7.2)

contrac-
ture (%)

415 (38.6) 285 (62.2)

irregular (%) 152 (14.2) 56 (12.2)
Disc 
position

NA (%) 282 (26.3) 46 (10.0) χ2 = 75.319,
P = 0.000

r = 0.216,
P = 0.000ADDWR (%) 323 (30.1) 111 (24.2)

AD-
DWoR (%)

452 (42.1) 291 (63.5)

PDDWR (%) 13 (1.2) 6 (1.3)
PD-
DWoR (%)

4 (0.4) 4 (0.9)

Condylar 
bone

normal (%) 606 (56.4) 218 (47.6) χ2 = 10.063,
P = 0.002

r = 0.081,
P = 0.001abnor-

mal (%)
468 (43.6) 240 (52.4)

Bone 
marrow 
oedema

absence (%) 1058 (98.5) 448 (97.8) χ2 = 0.926,
P = 0.336

-
pres-
ence (%)

16 (1.5) 10 (2.2)

Where: NA = normal; ADDWR = anterior disc displacement with reduction; 
ADDWoR = anterior disc displacement without reduction; PDDWR = posterior 
disc displacement with reduction; PDDWoR = posterior disc displacement 
without reduction. Significant difference was set at P < 0.05.
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(Table  4), such indicators were then included in multi-
factor binary logistic regression analysis to further verify 
the effect and estimate the effect size (Table 5). Hosmer-
Lemeshow (HL) test was performed for the model good-
ness of fit. The result was P = 0.231, which indicated that 
the data information was fully extracted and the model 
showed a high goodness of fit. The prediction accuracy of 
this model was 74.9%.

In Multi-factor binary logistic regressions, the four fac-
tors were found to be statistically significant: joint sounds 
[P = 0.001, OR = 1.726, CI(95%)=(1.254–2.378)], joint pain 
[P = 0.000, OR = 8.463, CI(95%)=(6.026–11.886)], contrac-
ture [P = 0.001, OR = 2.277, CI(95%)=(1.389–3.732)], and 
ADDWR [P = 0.001, OR = 1.740, CI(95%)=(1.044–2.901)].

The odds of having joint effusion were 1.726 higher 
in persons with joint sounds when compared to those 
without joint sounds. The odds of having joint effu-
sion were 8.463 higher in persons with joint pain when 
compared to those without joint pain. The odds of hav-
ing joint effusion were 2.277 higher in persons with con-
tracture disc morphology when compared to those with 
biconcave. The odds of having joint effusion were 1.740 
higher in persons with ADDWR when compared to 
those with normal disc position. There was no statisti-
cally significant difference in the risk of joint effusion in 
patients with lengthened and irregular disc morphology 
compared with patients with biconcave (P = 0.314 and 
P = 0.499 respectively). There was no statistically sig-
nificant difference in the risk of joint effusion in patients 
with ADDWoR disc position compared with patients 
with normal disc position (P = 0.575).

Table 3 Comparison between 458 JE and 458 NA TMJs
NA side
(n = 458)

JE side
(n = 458)

P value r, P

Joint sounds normal (%) 302 (65.9) 272 (59.4) χ2 = 4.200,
P = 0.040

r = 0.068,
P = 0.040abnormal (%) 156 (34.1) 186 (40.6)

Joint pain normal  (%) 365 (79.7) 158 (34.5) χ2 = 190.960, P = 0.000 r = 0.457,
P = 0.000abnormal  (%) 93 (20.3) 300 (65.5)

Disc morphology biconcave (%) 164 (35.8) 84 (18.3) χ2 = 70.635, P = 0.000 r = 0.157,
P = 0.000lengthened (%) 57 (12.4) 33 (7.2)

contracture (%) 160 (34.9) 285 (62.2)
irregular (%) 77 (16.8) 56 (12.2)

Disc position NA (%) 126 (27.5) 46 (10.0) χ2 = 53.983,
P = 0.000

r = 0.225,
P = 0.000ADDWR (%) 121 (26.4) 111 (24.2)

ADDWoR (%) 203 (44.3) 291 (63.5)
PDDWR (%) 6 (1.3) 6 (1.3)
PDDWoR (%) 2 (0.4) 4 (0.9)

Condylar bone normal (%) 235 (51.3) 218 (47.6) χ2 = 1.262,
P = 0.261

-
abnormal (%) 223 (48.7) 240 (52.4)

Bone marrow oedema absence (%) 450 (98.3) 448 (97.8) χ2 = 0.227,
P = 0.634

-
presence (%) 8 (1.7) 10 (2.2)

Where: NA = normal; ADDWR = anterior disc displacement with reduction; ADDWoR = anterior disc displacement without reduction; PDDWR = posterior disc 
displacement with reduction; PDDWoR = posterior disc displacement without reduction. Significant difference was set at P < 0.05.

Table 4 Single-factor binary logistic regression analysis
OR CI (95%, 

Lower-Upper)
P 
value

Joint sounds 1.324 1.012–21.732 0.041
Joint pain 7.452 5.530-10.042 0.000

Disc 
morphology

biconcave 0.000
lengthened 1.130 0.684–1.869 0.633
contracture 3.478 2.509–4.821 0.000
irregular 1.420 0.921–2.190 0.113

Disc position NA 0.000
ADDWR 2.513 1.643–3.842 0.000
ADDWoR 3.927 2.679–5.755 0.000

Where: NA = normal; ADDWR = anterior disc displacement with reduction; 
ADDWoR = anterior disc displacement without reduction; PDDWR = posterior 
disc displacement with reduction; PDDWoR = posterior disc displacement 
without reduction. OR: odds ratio, CI: confidence interval.

Table 5 Multi-factor binary logistic regression analysis
OR CI (95%, 

Lower-Upper)
P 
value

Joint sounds 1.726 1.254–2.378 0.001
Joint pain 8.463 6.026–11.886 0.000

Disc 
morphology

biconcave 0.000
lengthened 0.734 0.402–1.340 0.314
contracture 2.277 1.389–3.732 0.001
irregular 0.806 0.431–1.507 0.499

Disc position NA 0.016
ADDWR 1.740 1.044–2.901 0.034
ADDWoR 1.188 0.650–2.169 0.575

Where: NA = normal; ADDWR = anterior disc displacement with reduction; 
ADDWoR = anterior disc displacement without reduction; PDDWR = posterior 
disc displacement with reduction; PDDWoR = posterior disc displacement 
without reduction. OR: odds ratio, CI: confidence interval.
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ROC curve analysis of the model
According to the results of Multi-factor binary logis-
tic regression analysis, the ROC curve was further con-
structed to evaluate the diagnostic value of the above 
indexes in joint effusion. The area under the curve (AUC) 
(defined as the area under the ROC curve surrounding 
the axis) was 79.5%, indicating that the judgment effect of 
this model was average and could be used to predict the 
occurrence of TMJ joint effusion (Fig. 2).

Discussion
In this study, we retrospectively selected 383 patients 
with joint effusion from 1902 patients who had MRI 
images, with the incidence of 20.1%. The statistical results 
showed that joint sounds, joint pain, contracture and 
ADDWR were high risk factors for joint effusion, and the 
OR value of joint pain was as high as 8.463.

It is believed that there are two possible mechanisms 
for joint effusion [13, 17]: Firstly, disc displacement may 
lead to abnormal mechanical stress, inducing the pro-
duction of inflammatory mediators and resulting in joint 
effusion. Secondly, the abnormal disc morphology may 

interfere with the physiological circulation of synovial 
fluid, the synovial fluid may accumulate in the joint space.

Joint sound is one of the most common symptoms of 
TMD, including clicking, popping, crepitation, frictional 
sound, crushing sound, or murmurs of joints, which 
are mainly caused by disc displacement and also by the 
abnormal joint fluid, joint space and condyle. To our 
knowledge, previous studies [18, 19] determined the pos-
sible relationship between disc displacement and degen-
erative joint disease, but there has been a lack of studies 
concerning joint sound and joint effusion. In the present 
study, there was significant difference in the distribution 
of joint sounds in patients with and without joint effu-
sion, and the odds of having joint effusion were 1.726 
higher in patients with joint sounds when compared to 
those without joint sounds. Abnormal mechanical stress 
during the joint sounds may aggravate the excessive pro-
duction of synovial fluid.

TMDs are divided into two categories according to 
DC/TMD,i.e., painful diseases and TMJ diseases [20, 
21]. Joint pain can be affected by jaw movement, func-
tion, parafunction, or provocation testing of the TMJ. 
The relationship between joint pain and intra-articular 

Fig. 2 ROC curve analysis of the model
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disorders such as disc displacement and osteoarthritis 
has been proven [22–24], and many studies have also 
proved the correlation between joint effusion and joint 
pain in patients with TMD [10, 25]. In the present study, 
there was obvious difference in the distribution of joint 
pain in patients with and without joint effusion. Joint 
pain was the highest OR among the risk factors included 
in this study.

The disc morphology has been classified as diverse by 
different scholars [26, 27]. In our study, the disc morphol-
ogy was categorised as biconcave, lengthened, contrac-
ture, and irregular [28]. We found that the distribution 
of joint effusion in symptomatic and asymptomatic TMJs 
was distinct and showed positively correlated with symp-
toms [6]. The difference in classification makes it difficult 
to compare different studies results. In the present study, 
there was significant difference in the distribution of disc 
morphology in patients with and without joint effusion, 
and the odds of having joint effusion were 2.277 higher in 
patients with contracture when compared to those with 
biconcave, while lengthened and irregular showed no 
significantly different from biconcave. We speculate that 
it may be related to the incidence of contracture. When 
we selected 1074 TMJs without joint effusion as the con-
trol group, contracture accounted for about 38.6%, and 
when we selected 458 TMJs without joint effusion as the 
control group, contracture accounted for about 34.9%. It 
should be noted that the contracture of TMJs with joint 
effusion accounted for 62.2%.

Disc displacement is the most widely studied issue in 
TMJ internal derangement and is considered to be the 
main cause of TMD. Consistent with Afroz’s findings 
[29], the prevalence rate of PDD in TMD patients is as 
low as about 1.8% (27/1532) in this study. In the pres-
ent study, there was significant difference in the dis-
tribution of disc position in patients with and without 
joint effusion, and the odds of having joint effusion were 
1.740 higher in patients with ADDWR when compared 
to those with normal disc position. Intriguingly, in our 
study no obvious difference was found in the risk of joint 
effusion in patients with ADDWoR comparing with those 
with normal disc position, which is inconsistent with 
other studies [1, 13]. This may be related to the differ-
ent sample size included. In the study of Roh et al. [13], 
ADDWR and ADDWoR accounted for 30.1% and 23.8% 
in the non joint effusion group, but 34.7% and 47.3% in 
the joint effusion group. In the resent study, ADDWR 
and ADDWoR accounted for 26.4% and 44.3% in the non 
joint effusion group, while 24.2% and 63.5% in the joint 
effusion group.

In this study, condylar bone abnormalities were not 
considered as a risk factor for joint effusion. The pos-
sible reason was that the proportion of condylar bone 
abnormalities was not significantly different between the 

patients with and without joint effusion, especially when 
the sample size of TMJ without joint effusion was 458. 
Meanwhile, bone marrow edema has been shown to be 
associated with TMJ pain, but there was no statistical sig-
nificance in the distribution between JE and NA groups, 
and the incidence of bone marrow oedema in this study 
was about 1.7%(26/1532).

Conclusions
Our results demonstrated that joint sounds, joint pain, 
contracture and ADDWR were high risk factors for joint 
effusion, and the OR value of joint pain was as high as 
8.463. Joint effusion reflects the possibility of non-bac-
terial inflammatory reaction or synovial circulation dis-
order in the TMJ. Because all the mentioned four risk 
factors can be alleviated with non-surgical treatment, 
joint effusion is not recommended as an indication for 
joint surgery.
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