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Abstract

Purpose: A new magnetic resonance imaging (MRI) based scoring system for

temporomandibular joint (TMJ) internal derangement was developed to predict

disease severity and the likelihood of invasive treatment.

Patients and methods: Reports and images from bilateral TMJ MRI studies of 100

consecutive patients with TMJ pain were retrospectively reviewed. A

Temporomandibular Joint Internal Derangement Score (TIDS) score was

composed of 6 MRI characteristics: joint effusion, disc displacement, disc

nonrecapture, disc degenerative changes, abnormal condyle translation, and

condyle arthritis. The primary endpoint was whether disease severity merited

invasive treatment (arthrocentesis, arthroscopy, arthroplasty, or discectomy).

Primary analyses were conducted as univariate regression, with the level of

significance set at p < .05. Multivariate regression was also used to assess the

impacts of each variable upon the need for invasive treatment.

Results: Invasive treatment was performed in 29 patients and planned in an

additional 9 patients. Patients with clinical bilateral pathology were no more

likely to undergo invasive treatment than those with unilateral clinical pathology.

Statistically significant correlations were found between bilateral invasive

treatment and the presence of bilateral joint effusions (p ¼ 0.0037) and disc

displacement (p ¼ 0.014), as well as with increasing values of right TIDS (p ¼
0.0015) and bilateral TIDS (p ¼ 0.0090). Bilateral TIDS of greater than 6 was

correlated with both bilateral invasive treatment (p ¼ 0.0033) and with invasive

treatment of any kind (p ¼ 0.041). In each instance of TIDS > 6, the patient

demonstrated multiple signs of bilateral TMJ pathology. On multivariate

regression, only disc recapture failed to trend towards statistical significance in

both the six and twelve component regressions, which trended towards

significance only in the twelve component analysis.

Conclusion: A TIDS score was developed to serve as an adjunct to the clinical

assessment of TMJ pathology. Bilateral TIDS score greater than 6 was

statistically significantly correlated with the severity of TMJ pathology.

Keyword: Medical imaging

1. Introduction

Temporomandibular disorders are a varied collection of disorders, yet they often go

untreated because as few as 3e7% of patients with temporomandibular joint (TMJ)

pain seek medical attention [1]. The classification systems used until now classify

temporomandibular disorders according to the Research Diagnostic Criteria for

Temporomandibular Disorders into 3 subgroups: muscle disorders (Group I); disc

displacements (Group II); and arthralgia, arthritis, and arthrosis (Group III) [2].
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These, however, often coexist and can offer unclear guidelines for management,

including splint therapy, arthrocentesis, arthroscopic lysis, lavage, arthrotomy, and

discectomy, as well as total joint reconstruction [3].

Though effective for the identification of pain [4], the sensitivity and specificity of

the clinical examination for temporomandibular disorders has been questioned in

the literature, with the most accurate tests (clicks and crepitus) only accurately iden-

tifying joint effusion (JE) in 78.7% of cases [5]. Chaput’s review of 8 studies demon-

strated a failure of click, deviation, and pain to rule out internal derangement with

reduction, and he recommended further studies in this field [6]. It has been shown

that clinical accuracy fails with disc displacement without reduction [7]. While

other imaging modalities, such as ultrasound, have been used [8], magnetic

resonance imaging (MRI) has proven to be most effective for augmenting the clinical

picture, whether in the oral maxillofacial or the dental setting [9]. Full clinical

agreement with imaging has been found to be as low as 43% [10], necessitating

the use of both imaging and physical examination in severe disease and for surgical

planning [11].

Various imaging findings have been studied both in isolation and partially in rela-

tionship to one another, such as the work of Roh analyzing disc displacement, joint

effusion, and degenerative changes [12]. Their individual associations with pain and

dysfunction [13, 14] and their utilities as prognostic indicators for arthrocentesis

have been partially analyzed [3]. Suenaga associated pain syndromes with internal

derangement, joint effusion, osteoarthritis, and bone marrow edema [15], whereas

others have focused on disc displacement and arthralgia [16]. An emphasis has

also been placed on the disc-condyle relationship [17], even irrespective of disc

displacement or arthritis [18]. Especially after mandibular condyle fracture, joint

effusion has been used as a marker of TMJ disease severity [19]. Orlando supported

joint effusion’s importance and noted a relationship between joint effusion and disc

displacement [20]. Regarding prognostic implications, TMJ osteoarthritis has

proven itself as a key indicator of successful arthrocentesis [21]. MRI also serves

to identify temporomandibular disorders mimics, such as rheumatoid arthritis pre-

senting with synovial proliferation [22, 23]. Finally, while clinical signs such as

contralateral ramus height [24] are insufficient to diagnose contralateral TMJ pathol-

ogy in patients presenting with unilateral findings, MRI often can do so [25]. As of

this writing, no study completely describes the predictive power of the multiple im-

aging abnormalities found on MRI on treatment choices and clinical outcomes.

To better understand the clinical significance of multiple MRI TMJ imaging findings

on the rate of invasive procedures in the management of temporomandibular disor-

ders, a simple yet comprehensive grading system was developed [26]. A TMJ inter-

nal derangement score (TIDS) was assigned 1 point for the presence of each of the

following: joint effusion, disc displacement, disc non-recapture, disc degeneration,
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abnormal condyle translation, and condyle arthritis. Right, left, and bilateral com-

posite scores were calculated for a set of 100 consecutive patients referred for

MRI for pain and dysfunction of the TMJ, with the hypothesis that such a score

would offer clinically useful prognostic value. This novel effort serves to synthesize

the varied conclusions obtained in the literature and develop a composite TIDS score

to predict disease severity and the likelihood of invasive treatment of temporoman-

dibular disorders.
2. Methods

2.1. Patients and statistical analysis

Reports and images from bilateral TMJ MR imaging studies of 100 consecutive pa-

tients with TMJ pain from January 2005 to March 2012 were reviewed. This study

group comprised of 82 females and 18 males, with a mean age of 38.9 (Table 1).

Inclusion criteria were the presence of clinical unilateral or bilateral TMJ pain or

dysfunction. No patients were excluded and consecutive patients were selected to

more accurately portray the population of significant TMJ pathology in clinical prac-

tice. Indications for MRI were based on clinical diagnoses of TMJ pericapsular pain

associated with clinically palpable clicking or malocclusion, audible clicking with

stethoscope, intermittent jaw locking, decreased jaw opening despite conservative

therapy, and arthritis diagnosed on conventional radiography (Panorex). Clinical as-

sessments were conducted prior to MRI, approximately one month post-MRI, and

three to six months post-MRI; the assessment scale ranged from 1 to 5, correspond-

ing to minimal to severe symptoms. The oromaxillofacial surgeon completed survey
Table 1. Patient characteristics: Basic patient characteristics were compiled

(n ¼ 100).

Patient characteristics Number of patients

Gender
Female 82

Male 18

MRI pathology
Unilateral 18

Bilateral 78

Nonea 4

Invasive treatment
Unilateral 7

Bilateral 31

Any 38

aNote: Four patients were originally signed out with negative impressions, although each had one or
more TIDS component described in the findings.
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questions before and after the MRI indicating whether the MRI findings changed

therapeutic management and/or increased diagnostic confidence.

All MRI studies were initially interpreted by one of the faculty’s board-certified

fellowship-trained musculoskeletal radiologists per usual practice. The radiologists

were blinded to pre- and post-imaging treatment decision-making and outcomes,

which were recorded by the oral maxillofacial surgeon. The six components of

the TIDS score were standard reported items when reviewing MRIs of the TMJ,

minimizing observational bias. Due to the retrospective nature of this study, institu-

tional review board approval was not required for this study. Helsinki declaration

guidelines were followed for this investigation.

The primary endpoint for the study was whether disease severity merited invasive

treatment (arthrocentesis, arthroscopy, arthroplasty, or discectomy). Additional

data collected included: the type of invasive treatment conducted, whether the treat-

ment was unilateral or bilateral, and whether additional invasive treatment was

planned but not performed.

A modified intention-to-treat approach was used, in which all patients receiving TMJ

MRI were included in the analysis of the primary outcome, regardless of follow up

status. Primary analyses were conducted as univariate regression, with the level of

significance set at p < .05. Multivariate regression was also used to assess the im-

pacts of each variable upon the need for invasive treatment.
2.2. Magnetic resonance imaging

MRI of the bilateral temporomandibular joints was performed on a 1.5 Tesla magnet

(General Electric; Milwaukee, WI, USA) with a dedicated circular-polarized trans-

mit-and-receive TMJ coil per usual protocol including the following: localizer im-

ages; oblique sagittal T1, oblique sagittal proton density (PD), oblique sagittal T2,

and oblique coronal T1 closed mouth sequences; oblique sagittal PD open mouth

sequence. A nonferromagnetic oral device was used to obtain a reproducible open

mouth position and to reduce motion.

The presence of a joint effusion was identified when there was more than trace high

T2 signal within the joint space (Fig. 1). Normal disc position of the disc was defined

by the location of the posterior band of the disc at the superior or 12 o’clock position

relative to the mandibular condyle and the interposition of intermediate zone of the

disc between the mandibular condyle and the posterior temporal eminence in the

closed-mouth position (Fig. 2); abnormal anterior, anteromedial, anterolateral,

medial, lateral, posterior, posteromedial, and posterolateral disc displacements

were defined by the location of the posterior band beyond greater than 10�, which
included both disc subluxation (10e30�) and frank dislocation (greater than 30�).
Disc nonrecapture was defined as the lack of recapture of a displaced disc in the
on.2018.e00916
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Fig. 1. Joint effusion: Oblique sagittal T2 weighted magnetic resonance image of the temporomandibular

joint in the closed mouth position demonstrates an area of high signal intensity (arrow) that represents a

moderate effusion.

Fig. 2. TMJ disc location and translation: Oblique sagittal proton density magnetic resonance images of

the temporomandibular joint (A) in the closed mouth position demonstrate normal disc position. The

angle between the posterior band (short white arrow) and the 12-o’clock line is less than �10�. Normal

disc morphology is seen with the intermediate zone (white arrow) interposed between the articular

condyle and temporal bone. The same sequence in the open mouth position (B) demonstrates normal

condylar translation and expected disc position between the condyle and temporal eminence centered

in the intermediate zone.
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open mouth position (Fig. 3). Disc degeneration was defined as increased T1, PD, or

T2 signal within the substance of the disc, abnormal disc morphology, or disc perfo-

ration (Fig. 4). Normal condylar translation was defined as anterior translation of the

mandibular condyle in the open mouth position such that the condyle was under the

temporal eminence; abnormal condylar translation was the lack of normal condylar

translation (Fig. 2). Condylar arthritis was defined as the presence of joint space
on.2018.e00916
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Fig. 3. Disc displacement with and without recapture: Oblique sagittal T2 weighted magnetic resonance

images of the temporomandibular joint demonstrate that the disc is anteriorly displaced in the closed

mouth position (arrow, A) but returns to the normal position e between the condyle and temporal

eminence (recapture) on open mouth proton density sequence (arrow, B). Oblique sagittal proton density

magnetic resonance image of the temporomandibular joint demonstrates that the disc is anteriorly dis-

placed in the closed mouth position (arrow, C) and remains displaced (no recapture) from its normal loca-

tion in open mouth position (arrow, D).

Fig. 4. Deformed, degenerated, and displaced TMJ disc: Oblique sagittal T1 weighted magnetic reso-

nance image of the temporomandibular joint demonstrates a deformed degenerated disc with abnormal

intrinsic signal intensity and anterior disc displacement (arrow).
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narrowing, sclerosis, osteophytosis, subchondral cysts, erosions, marrow edema,

and/or abnormal condyle morphology (Fig. 5).

The presence and laterality of the following six MRI findings were assessed and re-

corded as present or absent: joint effusion, disc displacement, disc nonrecapture, disc

degeneration, abnormal condylar translation, and condylar arthritis. 1 point was as-

signed for each MRI finding per side. The TMJ Internal Derangement Score (TIDS)

was the summation score. Possible total score values ranged from 0 (normal MRI

examination) to 12 (bilateral presence of all of the above mentioned findings), and

from 0 to 6 for either right or left sides alone.
3. Results

3.1. TIDS characteristics

The presence of the six components of the TIDS score were individually evaluated

and tabulated for each patient: joint effusion (JE), disc displacement (DDisp), disc

nonrecapture (DNR), disc degenerative changes (DDeg), abnormal condyle transla-

tion (ACT), and condyle arthritis (CA). The laterality of each of these findings was

also recorded (Table 2).

TIDS scores were calculated as a right-sided score, a left-sided score, and a bilateral

composite score. The right-sided scores ranged from 1 to 6, the left-sided scores

ranged from 1 to 5, and the composite scores ranged from 2 to 11.
3.2. Treatments and outcomes

Seventy five patients returned for follow-up. 29 of these patients underwent invasive

treatment of some kind while invasive treatment was planned for an additional 9
Fig. 5. Condylar arthritis: Oblique sagittal proton density and T2 weighted magnetic resonance images

of the temporomandibular joints demonstrate anterior spurring (long arrow, A), flattening of the condyle

(short arrow, A), and bone marrow edema (arrow, B).
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Table 2. MRI findings: The spread of MRI findings in the patient cohort in-

cludes joint effusion (JE), disc displacement (DDisp), disc nonrecapture (DNR),

disc degeneration (DDeg), abnormal condyle translation (ACT), and condyle

arthritis (CA).

Finding None Right Left Bilateral

JE 58 8 11 23

DDisp 20 19 15 46

DNR 17 17 19 47

DDeg 49 17 4 30

ACT 31 13 13 43

CA 51 17 9 23
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patients. Out of 9 invasive procedures scheduled, arthrocentesis was planned in 3

cases, orthognathic surgery in 4 cases, and steroid injections in 2 cases. There was

no statistically significant difference between the number of invasive procedures

planned or performed in patients with bilateral TMJ pathology when compared to

patients with unilateral TMJ pathology. All treatments performed and recommended

were tabulated below (Table 3).

Regarding clinical correlation, the pre-clinical assessment was found to have a mean

score of 2.04 (range: 1e5), and it correlated with the need for unilateral treatment (p

¼ 0.02), any invasive treatment performed (p ¼ 0.002), and any invasive treatment

needed (p ¼ 0.005). The pre-clinical assessment, however, was not statistically

correlated with unilateral or bilateral TIDS. Early and late post-treatment clinical as-

sessments were not correlated with invasive treatment or TIDS. In the early post-

treatment period, only 24% of patients improved, but with further time and therapy,
Table 3. Treatment strategies: The number of patients with each treatment

strategy in the patient cohort was tabulated. Please note that some patients had

multiple treatments.

Treatment strategy Count

Oral splint therapy 26

Physical therapy 57

NSAIDs/muscle relaxants 35

Arthrocentesis 19

Arthroscopy 0

Arthroplasty 5

Discectomy 6

Total joint replacement 0

Invasive procedure planned 9
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95% of patients improved in the late post-treatment period. 95% of patients overall

had clinical improvement, with a mean improvement of 2.45 for patients requiring

invasive treatment versus 1.71 for patients receiving other treatments. Finally, sur-

vey results showed that MRI changed management in 12% of cases and increased

confidence in 93% of patients.

Statistically significant correlations (Table 4) were found between bilateral invasive

treatment and the presence of bilateral joint effusions (p ¼ 0.0037) and

disc displacement (p ¼ 0.014), as well as with increasing values of right TIDS

(p ¼ 0.0015) and bilateral TIDS (p ¼ 0.0090). Any invasive treatment was corre-

lated with bilateral joint effusions (p ¼ 0.041) and higher right TIDS

(p ¼ 0.011). Furthermore, a bilateral TIDS of greater than 6 was correlated with

both bilateral invasive treatment (p ¼ 0.0033) and with invasive treatment of any

kind (p ¼ 0.041). Odds ratio trends for invasive treatment with joint effusion and

condyle arthritis were 2.0 (0.89e4.6 [95% C.I.]; p ¼ 0.09) and 2.1 (0.93e4.8

[95% C.I.]; p ¼ 0.07), respectively.

Multivariate regression was conducted for bilateral and individual joints. For pathol-

ogy requiring bilateral invasive treatment, the presence of bilateral joint effusion (p

¼ 0.0016) and abnormal translation (p ¼ 0.038) were statistically significant while

bilateral displacement (p ¼ 0.078), condyle degeneration (p ¼ 0.091), and disc

degeneration (p ¼ 0.11) trended towards significance. When the analysis was

expanded to 12 variables for the left and right components of each variable, right

and left joint effusion (p¼ 0.0097 and p¼ 0.00067, respectively), left disc displace-

ment (p ¼ 0.011), left disc degeneration (p ¼ 0.034), and left condyle degeneration

(p ¼ 0.023) reached statistical significance while right and left abnormal translation

trended towards significance (p ¼ 0.068 for each). Twelve variable regression for

the need for any invasive treatment showed statistical significance for left joint effu-

sion (p ¼ 0.021), left disc displacement (p ¼ 0.020), and left condyle degeneration

(p ¼ 0.013), as well as a trend towards significance for left disc recapture

(p ¼ 0.088).
Table 4. Univariate analysis: The p values describe the correlation between

various components of the TIDS score and invasive treatments. Note JE ¼ joint

effusion, DDisp ¼ disc displacement, and CA ¼ condyle arthritis.

Bilateral invasive Any invasive

Bilateral JE 0.0037 0.041

Bilateral DDisp 0.0145 0.30

Bilateral CA 0.0508 0.27

Right unilateral TIDS 0.0015 0.011

Bilateral TIDS 0.0090 0.070

on.2018.e00916

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2018.e00916
http://creativecommons.org/licenses/by-nc-nd/4.0/


11 https://doi.org/10.1016/j.heliy

2405-8440/� 2018 The Auth

(http://creativecommons.org/li

Article Nowe00916
4. Discussion

A bilateral composite TMJ internal derangement score (TIDS) greater than 6 was

found to have a statistically significant correlation with severity of TMJ pathology,

as evidenced by the requirement for bilateral invasive treatment or any invasive

treatment. A value greater than 6 requires bilateral pathology, and at least one

side must demonstrate at least 4 MRI findings of disease severity. Interestingly, in

this patient cohort, each such case also demonstrated at least 2 findings of contralat-

eral disease. In the two cases in which a unilateral TIDS score of 6 was assigned, the

patients had composite TIDS scores of 11 and 10. Thus, in each instance of TIDS >

6, the patient also demonstrated multiple findings of TMJ pathology bilaterally, indi-

cating that severity of bilateral disease may be an important factor in the TIDS

threshold.

While the clinical examination can localize pain to the TMJ, failing to observe severe

asymptomatic disease results in false negatives that underestimate the likelihood of

requiring invasive treatment [27]. Conversely, the high rate of osteoarthritis on TMJ

imaging [28, 29], which varies widely by age group (25% in 20e49 but 70% in

73e75), could raise concerns about false positives on imaging [10, 27, 30, 31].

Indeed, in each case of a unilateral clinical presentation, at least one of the six criteria

was identified on the contralateral side on MRI. However, using the TIDS score, an

incidental finding of contralateral degeneration alone would not necessarily indicate

the need for invasive treatment without the presence of additional TIDS components,

mitigating concerns about false positives. In addition, a subthreshold TIDS score,

especially in the presence of alternative MRI findings, would allow surgeons to

avoid unnecessary surgery for many myofascial pain mimics.

The pre-clinical score was found to be correlated with the need for invasive treat-

ment, but the score was not correlated with TIDS. These results are consistent

with the literature discussing the lack of concordance between imaging and clinical

aspects of TMJ pathology [10]. Therefore, TIDS serves as a useful adjunct to further

describe the severity of a patient’s pathology. This conclusion is supported by survey

results which showed that imaging increased diagnostic confidence in 93% of cases

and changed management in 12% of patients. The result that post-treatment clinical

assessments were not correlated with the need for invasive treatment could indicate

that those patients with symptoms were adequately treated. Since those patients with

severe symptoms were more likely to receive invasive treatment, they subsequently

had a greater improvement in symptoms and thus lowered their clinical assessment

scores.

Overall, multivariate and univariate regression results were consistent with the initial

hypothesis that each of the six components served to add to the prognostic value of

the TIDS score. On univariate regression, bilateral joint effusions and disc
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displacement were correlated with bilateral invasive treatment while bilateral

condyle arthritis trended towards significance. Joint effusion and condyle arthritis

both had odds ratio trends (OR) > 2, consistent with findings in the literature

regarding the importance of these variables [7, 12, 17, 19, 20]. On multivariate

regression, only disc recapture failed to trend towards statistical significance in

both the six and twelve component regressions; however, it trended towards signif-

icance in predicting the need for any invasive treatment (p ¼ 0.088) in the twelve

component analysis.

This study possesses intrinsic strengths and weaknesses. This study’s sample size is

similar to many studies considering clinical and MRI factors indicative of TMJ pa-

thology, which have ranged from 61 to 149 patients [4, 5]. Nevertheless, only 18 pa-

tients had unilateral symptoms, which may explain why the left TIDS score did not

achieve statistical significance in the secondary unilateral analysis; we hypothesize

that with a larger sample size, statistical significance might have been demonstrated.

Furthermore, sample size proved insufficient to rigorously develop a weighted

grading system to account for individual component severities and their relative im-

pacts. Requiting this lack of nuance, the TIDS score is simple and straightforward. It

can be readily grasped and applied clinically, thereby potentially making it more

clinically useful than a more complex scoring system. Additionally, regarding the

referral process, individuals referred for MRI of the TMJ often present with signif-

icant pathology (e.g. for surgical planning), which could introduce a selection bias

relative to the 25% or higher group of the overall population suffering from tempo-

romandibular joint pathology [1, 32, 33]. Finally, future research to determine TIDS

scores in asymptomatic or minimally symptomatic patients would be of great

interest.

While this paper does not directly address why an MRI might be ordered for a spe-

cific patient in actual practice, we suspect that patients with greater symptoms may

be more likely to undergo evaluation with MRI. Then, once the MRI is obtained,

TIDS can help stratify patients for appropriate treatment. It may be intuitive that pa-

tients with more MRI findings may have a higher likelihood of needing invasive

treatment, but even in our population of generally challenging diagnostic or treat-

ment cases, the majority of patients did not require invasive treatment, thereby

avoiding costs and possible side effects of unnecessary invasive treatments.
5. Conclusion

Analysis of treatments and outcomes after MRI imaging for temporomandibular dis-

orders led to the development of a TIDS score composed of 6 MRI characteristics:

joint effusion, disc displacement, disc nonrecapture, disc degenerative changes,

abnormal condyle translation, and condyle arthritis. This score serves as a useful

adjunct to the initial clinical assessment. A bilateral TIDS score greater than 6
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was found to have a statistically significant correlation with severity of TMJ pathol-

ogy, as evidenced by the requirement for bilateral invasive treatment or any invasive

treatment. This result indicates that the presence of multiple imaging characteristics

of TMJ disease bilaterally may be an important factor predictive of invasive

treatment.
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