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T2 relaxation times o
f the retrodiscal tissue in patients
with temporomandibular joint disorders and in healthy

volunteers: a comparative study

Naoya Kakimoto, DDS, PhD,a Hiroaki Shimamoto, DDS, PhD,b Jira Kitisubkanchana, DDS, PhD,c

Tomomi Tsujimoto, DDS, PhD,b Yurie Senda, DDS,b Yuri Iwamoto, DDS,b Rinus G. Verdonschot, PhD,a

Yoko Hasegawa, DDS, PhD,d and Shumei Murakami, DDS, PhDb
Objective. The aims of this study were to compare the temporomandibular joint (TMJ) retrodiscal tissue T2 relaxation times

between patients with temporomandibular disorders (TMDs) and asymptomatic volunteers and to assess the diagnostic potential

of this approach.

Study Design. Patients with TMD (n = 173) and asymptomatic volunteers (n = 17) were examined by using a 1.5-T magnetic reso-

nance scanner. The imaging protocol consisted of oblique sagittal, T2-weighted, 8-echo fast spin echo sequences in the closed

mouth position. Retrodiscal tissue T2 relaxation times were obtained. Additionally, disc location and reduction, disc configura-

tion, joint effusion, osteoarthritis, and bone edema or osteonecrosis were classified using MRI scans. The T2 relaxation times of

each group were statistically compared.

Results. Retrodiscal tissue T2 relaxation times were significantly longer in patient groups than in asymptomatic volunteers (P <

.01). T2 relaxation times were significantly longer in all of the morphologic categories. The most important variables affecting ret-

rodiscal tissue T2 relaxation times were disc configuration, joint effusion, and osteoarthritis.

Conclusions. Retrodiscal tissue T2 relaxation times of patients with TMD were significantly longer than those of healthy volun-

teers. This finding may lead to the development of a diagnostic marker to aid in the early detection of TMDs. (Oral Surg Oral Med

Oral Pathol Oral Radiol 2019;128:311�318)
The most widespread clinical symptoms of patients

with temporomandibular joint (TMJ) disorders

(TMDs) are noise, TMJ pain, and other disturbances

associated with closing and opening the mouth. TMDs

are characterized by an internal derangement (ID) of

the TMJ. ID is a general orthopedic term, which sug-

gests a mechanical fault that interferes with the smooth

action of a joint.1 The most common ID is displace-

ment of the articular disc (AD) of the TMJ.2 This dis-

placement can be easily diagnosed with magnetic

resonance imaging (MRI).2 However, the cause and

mechanism of ID have not yet been identified, and it

has been suggested that the retrodiscal tissue of the

TMJ might be involved.3

The retrodiscal tissue of the TMJ contains loosely

associated collagen fibers, a branching system of

elastic fibers, fat deposits, a specialized arterial blood
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supply, a large venous plexus, lymphatics, and an

abundant nerve supply.4 Some histologic studies have

identified increased retrodiscal tissue vascularization

in patients with TMD.5

Several qualitative and morphologic studies investi-

gating TMDs with MRI have been reported.6 More-

over, clinical MRI studies have reported decreased or

increased T2 signal intensity in the retrodiscal tissue of

patients with TMD.3,4,7,8 The high signal intensity of

retrodiscal tissue on T2-weighted images (T2 WIs)

can, in some patients, be clinically observed through

visual inspection without advanced assessment

(Figure 1). However, visual inspection does not pro-

vide an unequivocal answer as to what would statisti-

cally constitute significantly high signal intensity on

T2 WIs. Quantitative MRI studies investigating the

AD of the TMJ or the masseter muscle have been

recently reported.9-14 Although T2 relaxation time, a

quantitative MRI parameter, is potentially related to

TMDs, a comparison of retrodiscal tissue T2 relaxation
Statement of Clinical Relevance

T2-relaxation time is an important quantitative diag-

nostic markers which is possibly predictive of TMD

pathology. T2-relaxation time of the TMJ’s retrodiscal

tissue correlates well with a progressive TMD and is

suitable as an early diagnostic marker for TMD.
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Fig. 1. A 26-year-old woman (volunteer) and 69-year-old man with a temporomandibular disorder. (A) The retrodiscal tissue

(arrow) of the temporomandibular joint (TMJ) in a volunteer shows low signal intensity (T2 relaxation time: 26.9 ms) on T2-

weighted image (T2 WI). (B) The retrodiscal tissue (arrow) of the TMJ in a patient with anterior disc displacement without reduc-

tion shows high signal intensity (T2 relaxation time: 52.7 ms) on T2 WI.
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times between healthy volunteers and patients with

TMD has not yet been reported.

We hypothesize that the T2 relaxation time of the

TMJ retrodiscal tissue correlates with qualitative and

morphologic variations in TMJ pathology. Therefore,

the aims of the present study were to (1) measure TMJ

retrodiscal tissue T2 relaxation times in patients with

TMD and healthy volunteers and (2) identify any asso-

ciations between T2 relaxation times and TMD MRI

findings, which could serve as a diagnostic marker.
MATERIALS ANDMETHODS
Study population
This study was approved by the Institutional Review

Board of the Osaka University Graduate School of

Dentistry. After explaining the nature of the procedures

to the participants, informed consent was obtained

from all those who were included in the study.

From 2009 to 2014, a total of 183 consecutive

patients with TMD were referred for MRI for TMJ or

facial pain, mandibular dysfunction, or suspicion of ID.

These patients were registered for the study. Ten

patients were excluded from the study because of exces-

sive motion or the presence of metallic artifacts on MRI

scans. Consequently, 173 cases (46 men and 127

women; median age, 35 years; age range 11�80 years;

50 and 123 patients with bilateral and 123 unilateral

symptoms, respectively) were analyzed. Additionally,

21 healthy volunteers underwent MRI examination.

MRI scans of the TMJs of 4 volunteers demonstrated

abnormal findings, such as anterior disc displacement.

Therefore, data from these volunteers were excluded

from the present study. The remaining 17 healthy volun-

teers with superior AD position (12 men and 5 women;

median age 26 years; age range 23�32 years) were
deemed to have normal TMJs. In an earlier study, the

T2 relaxation time of the TMJ AD was investigated;13

in the present study, we report on the T2 relaxation time

of TMJ retrodiscal tissue.

MRI
All patients were examined by using a 1.5-T MRI scan-

ner (Signa HDxt 1.5 T; GE Healthcare, Milwaukee, WI)

equipped with a TMJ surface coil.13 The imaging proto-

col for TMD diagnosis consisted of oblique sagittal and

coronal fast spin echoproton density�weighted image

sequences (TR [repetition time]/TE [echo time]/echo

train length [ETL]/number of excitations [NEX],

2500 ms/20 ms/8/2) and fat-suppressed T2 WI sequen-

ces (TR/TE/ETL/NEX, 2000 ms/85 ms/16/3) at right

angles and parallel to the long axis of the mandibular

condyle in the closed mouth position. Additionally, sag-

ittal fast spin echoproton density�weighted image

sequences (TR/TE/ETL/NEX, 800 ms/24 ms/4/2) were

obtained in the closed and open mouth positions by

using the following parameters: field of view 120£ 120

mm; matrix size 256£ 160; slice thickness 3 mm; and

gap 1 mm. To measure T2 relaxation times, oblique sag-

ittal 8-echo fast spin echo sequences at right angles to

the long axis of the mandibular condyle were obtained

in the closed mouth position by using the following

parameters: TR/TE/NEX 1000 ms/8.9, 17.8, 26.7, 35.6,

44.5, 53.4, 62.4, 71.3 ms/2; field of view 120£ 120

mm; matrix size 256£ 160; slice thickness 4 mm; and

gap 1 mm. For this sequence, the total acquisition time

was 5 minutes and 22 seconds.

MRI scan evaluation
All MRI scans were independently assessed by 2 experi-

enced oral and maxillofacial radiologists. In case of



Fig. 2. A 25-year-old woman (volunteer) and a 37-year-old woman with a temporomandibular disorder. Magnetic resonance

imaging (MRI) scans of the retrodiscal tissue of the temporomandibular joint of a volunteer (A�C). The regions of interest used

for measuring the T2 relaxation time in the retrodiscal tissue included the bilaminar zone adjacent to the articular disc (A) as well

as the upper (B) and lower (C) portions of the bilaminar zone. T2 relaxation times on a color map ranged from 25 (red color) to

75 ms (blue color) in a volunteer (D) and in a patient with anterior disc displacement without reduction (E).
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disagreement, the final diagnosis was made by consensus

following discussion. The radiographic features evaluated

were AD position and reduction, AD configuration, joint

effusion, osteoarthritis, and bone marrow abnormalities.13

AD position and reduction were classified into 5 cat-

egories, according to Tasaki et al.,15 with some minor

modifications. On sagittal PDWIs in closed and open

mouth positions, the possible classifications were nor-

mal superior (NorSup), partial anterior disc displace-

ment with reduction (PADDWR), partial anterior disc

displacement without reduction (PADDWOR), anterior

disc displacement with reduction (ADDWR), or ante-

rior disc displacement without reduction (ADDWOR).

AD configuration was further divided into 6 categories,

according to Murakami et al.,16 with some slight modi-

fications. On oblique sagittal PDWIs in the closed

mouth position, the AD was classified as biconcave,

biplanar, hemiconvex, thickening of the posterior

band, biconvex, or folded. According to Larheim

et al.,17 joint effusion was classified into 4 categories:

(1) none observed or minimal fluid, (2) moderate fluid,

(3) marked fluid, or (4) extensive fluid on oblique sagit-

tal fat-suppressed T2 WIs in the closed mouth position.

When osteophytes and/or erosion was observed, the

joint was classified as positive for osteoarthritis, and

when neither was observed, the joint was classified as
negative for osteoarthritis (see also the article by

Kirk18). As suggested by Larheim et al.,19 when bone

marrow edema and/or osteonecrosis was present on

oblique sagittal PDWIs and T2 WIs in the closed

mouth position, the joint was classified as positive for

bone marrow abnormalities, and if these features were

absent, the joint was classified as negative.
Measuring T2 relaxation times
Eight-echo fast spin echo image data were initially

transferred to an independent workstation (Advantage

Workstation ver. 4.4; GE Healthcare, Milwaukee, WI).

To measure T2 relaxation times, 2 independent observ-

ers (N.K. and H.S.) manually and independently gener-

ated regions of interests (ROIs) in the retrodiscal

tissue, which included the bilaminar zone adjacent to

the AD as well as the upper and lower portions of the

bilaminar zone (Figure 2). The average T2 relaxation

time value of the 3 retrodiscal tissue ROIs was defined

as the retrodiscal tissue T2 relaxation time. The T2

relaxation time of the retrodiscal tissue was calculated

by using Functool 4.4.5 software (GE Healthcare, Mil-

waukee, WI). The average of the T2 relaxation time

values determined by the independent observers was

defined as the definitive T2 relaxation time.



Table I. Characteristics and magnetic resonance find-

ings of volunteers and patients

Volunteers Patients

Number of cases 17 173

Male 12 46

Female 5 127

Age

Range 23�32 11�80

Median 26 35

Anterior disc position and reduction (joints)

NorSup 34 141

PADDWR 0 22

PADDWOR 0 4

ADDWR 0 53

ADDWOR 0 126

Anterior disc configuration (joints)

Biconcave 32 179

Biplanar 2 21

Hemiconvex 0 43

Thickening of the posterior band 0 39

Biconvex 0 7

Folded 0 57

Joint effusion (joints)

None or minimal fluid 34 209

Moderate fluid 0 90

Marked fluid 0 30

Extensive fluid 0 17

Osteoarthritis (joints)

Negative 34 288

Positive 0 58

Bone marrow abnormality (joints)

Negative 34 317

Positive 0 29

ADDWR, anterior disc displacement with reduction; ADDWOR, ante-

rior disc displacement without reduction; NorSup, normal superior;

PADDWR, partial anterior disc displacement with reduction; PADD-

WOR, partial anterior disc displacement without reduction.

Table II. T2 relaxation time of the retrodiscal tissue

T2 relaxation time (ms) P

Volunteers

Left TMJ 34.4 § 3.5

Right TMJ 34.4 § 3.0 .888

All TMJs 34.4 § 3.2

Volunteers: All TMJs 34.4 § 3.2

Patients: All TMJs 39.3 § 6.4 <.001*

*The T2 relaxation times of all TMJs in patients were significantly

different from those of all TMJs in volunteers.TMJ, temporomandib-

ular joint.
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Statistical analysis
To assess whether reliable intraobserver reproducibility

could be obtained, one observer (N.K.) positioned the

ROIs on the retrodiscal tissue of asymptomatic volun-

teers 10 times on different days. To assess intraobserver

reproducibility, the variation coefficient of 10 normal

volunteer retrodiscal tissue data sets was calculated. To

evaluate interobserver reproducibility, an intraclass cor-

relation coefficient was calculated for the retrodiscal tis-

sue T2 relaxation time data obtained from normal

volunteers and patients by the 2 observers.

For healthy volunteers, paired t tests were used to

compare retrodiscal tissue T2 relaxation times between

the right and left TMJs. A P value less than .05 was

considered significant. To compare retrodiscal tissue

T2 relaxation times between healthy volunteers and

patients, Kruskal-Wallis tests were performed. A P

value less than .05 was considered significant. Post hoc

pairwise analysis was performed by using the Mann-

Whitney U test with Bonferroni correction, with P val-

ues less than .05/6 for AD position and reduction, less

than .05/7 for AD configuration, less than .05/5 for

joint effusion, and less than .05/3 for osteoarthritis and

bone marrow abnormalities considered significant.

Stepwise multiple regression analyses were performed

to identify important variables related to retrodiscal tis-

sue T2 relaxation times between MRI scan interpreta-

tions, and patient age and gender were considered

potentially confounding variables. Significance needed

for removal was set at a P value greater than .10, and

significance for re-entry was set at a P value less than

.05. All statistical analyses were performed by using a

commercially available software package (SPSS, ver-

sion 22.0; SPSS, Inc., Chicago, IL).

RESULTS
Intraobserver reproducibility determined with a varia-

tion coefficient of normal volunteers’ retrodiscal tissue

T2 relaxation times ranged from 1.5% to 5.5%. Inter-

observer reproducibility determined with an intraclass

correlation coefficient for retrodiscal tissue T2 relaxa-

tion time data obtained from normal volunteers and

patients by the 2 observers was 0.818 (P < .001).

The TMJ MRI findings in normal volunteers and

patients are summarized in Table I. The mean retrodis-

cal tissue T2 relaxation times are shown in Table II. In

normal volunteers, there were no significant differen-

ces in retrodiscal tissue T2 relaxation times between

the left and right TMJs (34.4 § 3.5 and 34.4 § 3.0 ms;

P = .888). There were significant differences in mean

retrodiscal tissue T2 relaxation times between the nor-

mal volunteers and patients with TMD (34.4 § 3.2 and

39.3 § 6.4 ms; respectively, P < .001).

With regard to AD position and reduction, mean ret-

rodiscal tissue T2 relaxation times of the NorSup,
PADDWR, PADDWOR, ADDWR, and ADDWOR

patient groups were 37.7 § 5.9, 39.5 § 5.2, 41.1 § 5.9,

36.6 § 4.7, and 42.1 § 6.8 ms, respectively. The mean

retrodiscal tissue T2 relaxation times of the NorSup,

PADDWR, and ADDWOR patient groups were signifi-

cantly longer than that of the volunteer group (P < .01/

6 for volunteer group vs PADDWR or ADDWOR

patient group; P< .05/6 for volunteer group vs NorSup

patient group). Moreover, the mean retrodiscal tissue



Fig. 3. Box-and-whisker plots of the distribution of retrodiscal tissue T2 relaxation times (A�E). Outlier data points are also

shown. (A) T2 relaxation times of the retrodiscal tissue according to the anterior disc (AD) position and reduction categories (*P

< .05/6; Mann-Whitney U test with Bonferroni correction). (B) T2 relaxation times of retrodiscal tissue according to AD configu

ration categories (*P < .05/7; Mann-Whitney U test with Bonferroni correction). (C) T2 relaxation times of retrodiscal tissue

according to joint effusion categories (*P < .05/5; Mann-Whitney U test with Bonferroni correction). (D) T2 relaxation times o
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T2 relaxation time of the ADDWOR group was signifi-

cantly longer than those of the NorSup and ADDWR

patient groups (P < .01/6; Figure 3A).

With regard to AD configurations, mean retrodiscal

tissue T2 relaxation times of the biconcave, biplanar,

hemiconvex, thickening of the posterior band, bicon-

vex, and folded groups were 37.7 § 5.8, 38.2 § 5.1,

40.3 § 6.4, 40.9 § 6.2, 42.4 § 9.2, and 42.3 § 7.3 ms,

respectively. The mean retrodiscal tissue T2 relaxation

times of the biconcave, biplanar, hemiconvex, thicken-

ing of the posterior band, and folded groups were sig-

nificantly longer than that of the volunteer group (P <

.05/7; Figure 3B). The mean retrodiscal tissue T2

relaxation times of the thickening of the posterior band

and folded groups were significantly longer than that

of the biconcave group (P < .01/7; see Figure 3B).

With regard to joint effusion, mean retrodiscal tissue

T2 relaxation times of the “none observed or minimal

fluid,” “moderate fluid,” “marked fluid,” and

“extensive fluid” patient groups were 38.5 § 6.0, 38.5

§ 5.9, 42.4 § 5.9, and 47.0 § 8.7 ms, respectively.

The mean retrodiscal tissue T2 relaxation times of all

joint effusion category groups were significantly longer

than that of the volunteer group (P< .01/5; Figure 3C).

The mean retrodiscal tissue T2 relaxation times of the

marked and extensive fluid patient groups were signifi-

cantly longer than those of the “none observed or mini-

mal fluid” patient group and the “moderate fluid”

group (P < .01/5; see Figure 3C).

With regard to osteoarthritis, the mean retrodiscal

tissue T2 relaxation times of patients with negative and

positive findings were 38.3 § 5.9 and 43.9 § 7.2 ms,

respectively. The mean retrodiscal tissue T2 relaxation

time of the osteoarthritis-positive patient group was

significantly longer than those of the volunteer and

osteoarthritis-negative patient groups (P < .01/3;

Figure 3D). The mean retrodiscal tissue T2 relaxation

time of the osteoarthritis-negative patient group was

significantly longer than that of the normal healthy vol-

unteer group (P < .01/3; see Figure 3D).

With regard to bone marrow abnormalities, the mean

retrodiscal tissue T2 relaxation times of patients with

negative and positive findings were 38.8 § 6.3 and

44.4 § 6.4 ms, respectively. The mean retrodiscal tis-

sue T2 relaxation time of the bone marrow abnormali-

ty�positive patient group was significantly longer than

those of volunteer and bone marrow abnormality�
negative patient groups (P < .01/3; Figure 3E). The
retrodiscal tissue according to osteoarthritis categories (*P < .05/

relaxation times of retrodiscal tissue according to bone marrow ab

Bonferroni correction). ADDWOR, anterior disc displacement witho

tion; Extensive, extensive fluid; Marked, marked fluid; Moderate, m

normal superior patients; NorVol, normal volunteers; PADDW

PADDWR, partial anterior disc displacement with reduction; Thicke
mean retrodiscal tissue T2 relaxation time of the bone

marrow abnormality�negative patient group was sig-

nificantly longer than that of the normal healthy volun-

teer group (P < .01/3; see Figure 3E).

The stepwise multiple regression analyses showed

that AD configuration (P = .033), joint effusion (P <

.001), and osteoarthritis (P = .001) were the most impor-

tant variables affecting retrodiscal tissue T2 relaxation

times (Table III). The multiple correlation coefficient

(R), the coefficient of determination (R2, which depicts

the explanatory power of the model), and the adjusted

coefficient of determination (adjusted R2, i.e., a version

of R2 adjusted for the number of predictors in a model)

of the stepwise multiple regression analyses with regard

to retrodiscal tissue T2 relaxation times of were 0.626,

0.392, and 0.384, respectively (P< .001).

DISCUSSION
The measurement of T2 relaxation times is widely used

as a quantitative MRI technique.12 T2 relaxation times

reflect structural changes in the organization of carti-

lage collagen fibers. The interaction between water and

collagen fibers is used to visualize collagen organiza-

tion, extracellular matrix structure, and water con-

tent.20 A change in the T2 relaxation time is an early

sign of structural change in tissues. Differences in the

TMJ AD T2 relaxation times of volunteers and patients

with TMD were previously reported to reflect TMD

structural and functional properties and correlate with

TMD progression.9,10,12,13

The retrodiscal tissue extends from the posterior mar-

gin of the posterior band to the retroarticular process.21

This tissue mainly consists of loose connective tissue,

such as elastin and collagen fibers, and includes a large

venous plexus in its deeper layers.22 Although the AD

and its attachments contain the same major histologic

constituents, the relative amounts of these components

vary, depending on the functional requirements of the

tissue.23 Therefore, quantitative measurements of retro-

discal tissue T2 relaxation times is possible, and patho-

logic changes can be detected at early stages.

Histologic studies have shown that TMDs often dis-

play increased retrodiscal tissue vascularization.24-27

Kurita et al.26 showed that the number of blood vessels

in retrodiscal tissue increased significantly in patients

with TMDs. Holmlund et al.27 reported findings associ-

ated with inflammation, such as hyperemia and peri-

vascular infiltration, in the retrodiscal tissue of patients
3; Mann-Whitney U test with Bonferroni correction). (E) T2

normality categories (*P < .05/3; Mann-Whitney U test with

ut reduction; ADDWR, anterior disc displacement with reduc-

oderate fluid; None, none observed or minimal fluid; NorSup,

OR, partial anterior disc displacement without reduction;

ning, thickening of the posterior band.



Table III. Stepwise multiple regression model for T2 relaxation time of the retrodiscal tissue

Variable

Unstandardized

coefficient (b)

Unstandardized

coefficient (SE)

Standardized

coefficient (b) t P 95% confidence interval

Articular disc configuration 1.408 0.658 0.098 2.139 .033 0.114 2.702

Joint effusion 2.137 0.559 0.161 3.823 <.001 1.038 3.236

Osteoarthritis 2.646 0.808 0.150 3.274 .001 1.057 4.235
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with TMDs. These histologic findings may be associ-

ated with increased retrodiscal tissue T2 relaxation

times. Conversely, Isberg et al.25 observed nerve fibers

and thickened adventitia of the vessels in retrodiscal

tissue in a small subset of patients with ADDWOR.

Hall et al.24 reported that patients with TMD who expe-

rienced pain did not exhibit inflammation; however,

thickened arterial walls were confirmed in 54% of

patients. These histologic findings seem to suggest

decreased retrodiscal tissue T2 relaxation times. There-

fore, histologic differences in retrodiscal tissue may be

dependent on the exact stage of the disease.

Clinical MRI studies have reported decreased and

increased retrodiscal tissue T2 signal intensities in

patients with TMDs.3,4,7,8,21 Westesson et al.3 investi-

gated the posterior attachment of the area near the AD

and found that the decreased signal intensity in this area

on T2 WIs and PDWIs was linked to fibrosis. However,

Sakuma et al.21 reported that decreased signal intensity

on T1-weighted images of retrodiscal tissue did not

reflect a dense construction of collagen fibers. Sano

et al.7 reported that T2 WI signal intensity (which is not

equivalent to the T2 relaxation time) in the retrodiscal

tissue of patients with TMDs reporting pain was signifi-

cantly higher than that in patients without pain. Katz-

berg et al.4 reported that T2 WI signal intensity in the

posterior attachment was typically higher in the patient

group than in the healthy volunteer group. Both studies

indicated that these findings might be related to retrodis-

cal tissue vascularity or the presence of edema. Chiba

et al.28 also suggested an association between increased

T2 WI signal intensity of the retrodiscal tissue and pain

and reported that observations of ADDWOR and osteo-

arthritis correlated with pain. Lee et al.8 reported that

the signal intensity ratio of the retrodiscal tissue may be

associated with disc displacement, joint effusion, condy-

lar degenerative change, and joint pain. In dynamic con-

trast-enhanced MRI studies, an increase in retrodiscal

tissue contrast was confirmed in joints that elicited

pain.5,29 These findings suggest that if contrast accu-

rately reflects increased blood flow, then blood flow to

the retrodiscal tissue of the painful joint should increase.

The results of our study indicate that the T2 relaxa-

tion time can be a valuable predictor of TMD progres-

sion. These findings are consistent with qualitative

reports associating pain with increased signal intensity

in diagnostic MRI findings and T2 WIs. Consequently,
the retrodiscal tissue T2 relaxation time likely corre-

lates well with perceived TMJ pain7 and may serve as

an early diagnostic marker for TMD.

In a previous study, TMJ AD T2 relaxation times

were significantly different with respect to disc posi-

tion, joint effusion, osteoarthritis, and bone marrow

abnormality.13 However, there were no significant dif-

ferences in AD configuration. In the present study, ret-

rodiscal tissue T2 relaxation times were significantly

different for all morphologic categories, including AD

configuration. This suggests that the retrodiscal tissue

T2 relaxation time may be more sensitive than the AD

T2 relaxation time.

This study has some limitations. First, no histologic

comparison was made between the T2 relaxation time

and retrodiscal tissue. According to a recent treatment

plan for patients with TMDs, pharmacotherapy, splint-

ing, and physiotherapy are the primary treatment

options, and no patients included in the present study

had undergone surgery. Therefore, comparison of MRI

findings and tissue samples was impossible. Second,

subjective clinical findings, such as patient-reported

pain and discomfort, were not evaluated and compared

with the retrodiscal tissue T2 relaxation time. Therefore,

future studies comparing clinical findings are necessary.

Third, it is possible that the signal of the retrodiscal tis-

sue was influenced by a partial volume effect (i.e., influ-

enced by the surrounding tissue); however, this is

difficult to prove. Finally, the number of patients

(n = 173) was significantly higher than that of healthy

volunteers (n = 17). Future studies of T2 relaxation

times associated with TMDs would benefit from a more

balanced ratio of patients and healthy volunteers.

CONCLUSIONS
The retrodiscal tissue T2 relaxation times of patients

with TMDs were significantly longer than those of

healthy volunteers. The most important variables

affecting retrodiscal tissue T2 relaxation times were

AD configuration, joint effusion, and osteoarthritis.

Thus, the TMJ retrodiscal tissue T2 relaxation time

likely correlates with TMD progression and may be

used to predict the course of TMDs.
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