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Abstract. The objective of this study was to analyse the correlation between the
gender and age of individuals with arthrogenic temporomandibular disorders
(TMDs) and magnetic resonance imaging (MRI) findings. A total of 199 patients
were included in the study and were divided into four age groups: group A, �30
years; group B, 31–44 years; group C, 45–55 years; group D, �56 years. MRI scans
were analysed for the presence or absence of the following conditions:
morphological changes in the mandibular condyle and/or articular tubercle, disc
displacement with (DDWR) and without reduction (DDWoR), bone oedema,
effusion, and avascular necrosis. Statistical analyses were conducted using logistic
regression models (P < 0.05). The mean patient age was 44.47 � 16.39 years; 158
(79.4%) were female and 41 (20.6%) were male. Only DDWoR was more
significantly found in females than in males (P < 0.05). Group D showed an odds
ratio three times higher for the presence of morphological changes than group A
(odds ratio 3.042, 95% confidence interval 1.421–6.512; P = 0.0042). No
differences were found among groups for the other findings. Based on the results of
the present study it may be concluded that MRI findings tend to differ according to
age and gender.
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Temporomandibular disorder (TMD) is a
term used to describe a group of condi-
tions that affect the stomatognathic sys-
tem. Typical TMD symptoms are pain in
the jaws, decreased mouth opening, and
the production of sounds/clicks in the
temporomandibular joint (TMJ).1 TMD
is considered the leading cause of orofa-
cial pain of non-dental origin, and the
reported prevalence of TMD ranges from
16% to 88% of the population world-
wide.2–4

The diagnosis of patients with TMD
involves a detailed investigation of the
case history, followed by a series of intra-
and extraoral physical examinations, as
well as complementary examinations
whenever deemed necessary. Magnetic
resonance imaging (MRI), a non-invasive
imaging test, is the primary imaging tech-
nique in the diagnosis of TMJ dysfunc-
tion.5–7 MRI scans present high soft tissue
contrast and great accuracy in the visuali-
zation of the anatomy of TMJ bony struc-
tures. Additionally, dynamic images may
also be acquired to demonstrate joint func-
tionality.7–9 Thus, MRI is capable of dem-
onstrating changes in the articular disc,
where computed tomography (CT) scans
and X-rays cannot.7

Studies have shown that females are
more frequently affected by TMD than
males,3,10–13 leading to the belief that
imaging findings such as disc displace-
ment, effusion, and osteoarthritis are more
common in women than in men.14,15 With
regard to age distribution, evidence seems
to suggest that the presence of TMD is
characterized by a Gaussian curve, i.e.,
peaking between 35 and 45 years, being
less prevalent in the young and in the
old.2,3,16 However, the literature on this
matter remains inconclusive, as peak age
is not always the same for all TMD diag-
noses. The presence of TMJ disc displace-
ment is more common between the second
and fifth decades of life,2–4,11,14 while the
presence of osteoarthritis is more common
in the fourth and fifth decades.2,3,13 In
regard to effusion, this is expected to be
more common in younger individuals,13

while avascular necrosis is expected to be
more common in older patients.17

Although several studies focusing on
patients with TMDs have been performed,
only a few have attempted to establish a
correlation between patient sex and age
and imaging findings. Evidence suggests
that differences in diagnoses among the
different age groups require further inves-
tigation.2–4

Therefore, the aim of this study was to
evaluate the correlation of sex and age
group with MRI findings in individuals
diagnosed clinically with arthrogenic
TMD. The null hypothesis to be tested
was that the prevalence of the imaging
findings in the conditions studied would
not differ between the sexes or among the
different age groups.

Materials and methods

This observational cross-sectional analyt-
ical study, using secondary data, was ap-
proved by the ethics committee for
research involving human beings of the
local institutional review board.

The study group consisted of 199 con-
secutive patients of both sexes with evi-
dence of arthrogenic TMD. The clinical
TMD diagnosis was conducted in accor-
dance with previously established clinical
diagnostic criteria for TMD.18 The cases
were drawn from individuals referred for
MRI of the TMJ because of a history of
clinical signs and symptoms of TMJ dys-
function (such as mandibular deviation–
deflection), and/or the presence of a limit-
ed inter-incisal opening or limited mouth
opening, and/or joint noise/clicking during
mouth opening and closing. All subjects
underwent an MRI investigation of the
TMJ in an orofacial pain and deformity
centre (Cenddor) in Porto Alegre, Brazil,
from January 2007 to January 2014.
Patients with a clinical history of rheuma-
toid arthritis, agenesis, hyperplasia, hypo-
plasia and/or malignant neoplasms of the
mandibular condyle, bone ankylosis, pre-
vious TMJ surgery, and/or any type of
surgery to the face that might interfere
with image analysis, were excluded from
the sample.

Participating patients were divided into
four age groups based on a methodology
described previously,2–4 using the percen-
tile age intervals of the study population. As
a result, patients were distributed as fol-
lows: group A, age �30 years; group B, age
between 31 and 44 years; group C, age
between 45 and 55 years; group D, age
�56 years.

Magnetic resonance imaging

MRI examinations were performed with a
1.5-T imaging system (Signa HDxt; GE
Healthcare, Milwaukee, WI, USA) with
the use of dual surface coils 9 cm in
diameter. Sequences were performed with
T1-weighted images, employing a repeti-
tion time (TR) of 567 ms and echo time
(TE) of 11.4 ms. For T2-weighted images,
TR of 5200 ms and TE of 168.5 ms were
used. T1-weighted data were collected on
a 288 � 192 dots/cm matrix, with number
of excitations (NEX) = 3, while T2-
weighted data were collected on a
288 � 160 dots/cm matrix, with
NEX = 4 and a field of view (FOV) of
11 cm � 11 cm.

T1- and T2-weighted images with 3-
mm slices were obtained for each TMJ
in the oblique sagittal plane, perpendicular
to the axis of the mandibular condyle, in
maximum intercuspation and maximum
mouth opening. Moreover, images of the
TMJ were also obtained in the oblique
coronal plane, in maximum intercuspation
only. In order to locate the image of the
mandibular condyles (scanogram), an ax-
ial section was first performed to obtain an
image parallel to the axis of the mandibu-
lar condyle. An individual non-ferromag-
netic intermaxillary device was used to
keep the patient relaxed, minimize move-
ment, and maintain the maximum mouth
opening previously identified in the clini-
cal examination.

The film used was 43 cm � 35 cm, with
12-image documentation (3 � 4) and 1.5-
times magnification. Each set of images
was analysed by the same experienced
radiologist, who was completely blind to
the clinical diagnosis received by the pa-
tient. Image analyses were conducted
according to the criteria defined by Lar-
heim et al.19 and Ahmad et al.20

The presence or absence of the follow-
ing conditions was assessed in the images
obtained from each TMJ: morphological
changes in the mandibular condyle and/or
articular tubercle (Fig. 1), disc displace-
ment with reduction (DDWR) (Fig. 2),
disc displacement without reduction
(DDWoR) (Fig. 3), bone oedema
(Fig. 4), effusion (Fig. 5), and avascular
necrosis (Fig. 6).

Statistical analysis

The Hosmer and Lemeshow logistic regres-
sion test was applied to compare the differ-
ent age groups concerning each type of
imaging finding.21 First, by taking the data
of the entire sample (n), the frequency of
the presence of all findings involved in the
study was identified. Then, a sub-sample
(ni) composed only of those individuals
who presented the finding in question
was established for each finding. After that,
each sub-sample, ni, was divided according
to the age group. Thus, the logistic regres-
sion model was performed taking the ni of
each specific finding and characterizing an
independence criterion among the groups
as the basis for conducting the analyses. For
comparisons between the sexes, in which
the individual was adopted as the observa-
tional unit, the x2 test and Fisher’s exact test
were used. All analyses were performed
using R version 3.0.2 (R Foundation for
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Fig. 1. T1-weighted sagittal view: (a) mouth closed; (b) mouth open. Angled exophytic bone tissue formation in the mandibular condyle (arrows),
indicating the presence of osteophytes (morphological change).

Fig. 2. T1-weighted sagittal view: (a) mouth closed – note that the articular disc (hypointense area, arrow) is in a position prior to 11:30 h in
relation to the mandibular condyle; (b) mouth open – the articular disc returns to its original position, with the intermediate zone located between
the mandibular condyle and the articular tubercle, characterizing disc displacement with reduction (DDWR).

Fig. 3. T1-weighted sagittal view: (a) mouth closed – the articular disc (hypointense area, arrow) is in a position prior to 11:30 h in relation to the
mandibular condyle; (b) mouth open – the articular disc remains in the displaced position, characterizing disc displacement without reduction
(DDWoR).
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Fig. 4. Sagittal view with mouth closed: (a) T1-weighted – an extensive hypointense area in the mandibular condyle (arrow) can be observed; (b)
T2-weighted – an area with hyper-signal in the mandibular condyle (arrow) is present, characterizing the presence of bone oedema.

Fig. 5. T2-weighted sagittal view: (a) mouth closed – note the presence of a hyper-signal area, characterizing effusion (asterisks), while the
articular disc (hypointense area, arrow) is in a position prior to 11:30 h relative to the mandibular condyle; (b) mouth open – note the presence of
flow, while the disc remains in the displaced position, characterizing disc displacement without reduction (DDWoR).

Table 1. Frequency distribution (%) of the MRI findings in the total study sample (n = 199).

MRI findings Unilateral, n (%) Bilateral, n (%) Total

Morphological changes 47 (23.6%) 26 (13.1%) 73 (36.7%)
DDWR 58 (29.1%) 113 (56.8%) 171 (85.9%)
DDWoR 49 (24.6%) 22 (11.1%) 71 (35.7%)
Bone oedema 10 (5.0%) 1 (0.5%) 11 (5.5%)
Effusion 39 (19.6%) 22 (11.1%) 61 (30.7%)
Avascular necrosis 7 (3.5%) 0 (0%) 7 (3.5%)

MRI, magnetic resonance imaging; DDWR, disc displacement with reduction; DDWoR, disc
displacement without reduction.
Statistical Computing, Vienna, Austria)
and SAS version 3.9 software (SAS Insti-
tute Inc., Cary, NC, USA), with the signifi-
cance level set at 5%.

Results

Of the 199 participating patients (mean
age 44.47 � 16.39 years), 158 (79.4%)
were female (mean age 44.45 � 16.28
years) and 41 (20.6%) were male (mean
age 44.54 � 17 years).

The frequency distribution of the imag-
ing findings for the entire sample is dis-
played in Table 1. The most frequent
finding was DDWR (85.9%), followed
by morphological changes (36.7%),
DDWoR (35.7%), and effusion (30.7%).

When males and females were com-
pared, DDWR was the most common
finding for both females (85.4%) and
males (87.8%). DDWoR was the only
finding to be statistically different between
the sexes (P = 0.001595), being more fre-
quent in females (41.1%) than in males
(14.6%) (Table 2).

The frequency distribution of the imag-
ing findings according to the age groups is
displayed in Fig. 7. Group A consisted of
50 participants, of whom 38 (76%) were
female and 12 (24%) were male. The most
frequent finding in this group was DDWR,
observed in 46 patients (92%), followed
by DDWoR in 18 (36%) and effusion in 17
(34%). Morphological changes were pres-
ent in 13 patients (26%), bone oedema in
three (6%), and avascular necrosis was not
found in any of the cases (0%).
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Fig. 6. T1-weighted sagittal view with the mouth open: a hypointense area is observed (arrow)
circumscribed by a hyper-signal, characterizing the presence of avascular necrosis.

Fig. 7. Frequency distribution (%) of MRI findings in the four different age groups.
Group B consisted of 48 subjects, 39
(81.3%) females and nine (18.7%) males.
DDWR was observed in all patients
(100%), effusion in 18 (37.5%), and mor-
phological changes in 14 (29.2%).
DDWoR was present in 12 subjects
(25%), bone oedema in two (4.2%), and
avascular necrosis in two (4.2%).
Table 2. Comparison of the MRI findings betw

MRI findings Female, n (%

Morphological changes 61 (38.6%)
DDWR 135 (85.4%)
DDWoR 65 (41.1%)
Bone oedema 9 (5.7%) 

Effusion 50 (31.6%)
Avascular necrosis 5 (3.2%) 

MRI, magnetic resonance imaging; DDWR, dis
displacement without reduction.

* Statistically significant difference (P < 0.05
Group C was composed of 51 individu-
als, 42 (82.4%) females and nine (17.6%)
males. The most frequent findings in this
age group were DDWR, present in 40
subjects (78.4%), followed by DDWoR
in 17 (33.3%) and morphological altera-
tions in 17 (33.3%). Avascular necrosis
was absent (0%) in this group, while
een males and females.

) Male, n (%) P-value

 12 (29.3%) 0.2689
 36 (87.8%) 0.8056
 6 (14.6%) 0.001595*

2 (4.9%) 1
 11 (26.8%) 0.5512

2 (4.9%) 0.6348

c displacement with reduction; DDWoR, disc

).
effusion was observed in 15 patients
(29.4%) and bone oedema in three
(5.9%).

Group D comprised 50 patients, 39
(78%) females and 11 (22%) males.
DDWR was present in 37 cases (74%),
followed by morphological changes in 29
(58%), DDWoR in 24 (48%), and effusion
in 11 (22%). Avascular necrosis was iden-
tified in five patients (10%), while bone
oedema was found in three (6%).

Logistic regression analysis was per-
formed by taking the youngest group
(group A) as reference. When group A
was compared to the other groups, the only
statistically significant difference related
to morphological changes (x2 = 0.0096).
As shown in Table 3, this difference oc-
curred between groups A and D (odds ratio
3.042, 95% confidence interval 1.421–
6.512; P = 0.0042).

Discussion

TMDs are a heterogeneous group of con-
ditions that can affect the TMJ and/or
muscles of mastication. A better under-
standing of the epidemiology of TMDs at
different ages could be useful in the de-
velopment of future research focused on
these disorders. This study assessed the
frequency of different MRI findings found
in TMD patients in respect to age, by
splitting the sample into different age
groups. The strengths of the present study
are the size of the patient pool and the
detailed statistical analysis.

The descriptive data show that the mean
age (44.47 � 16.39 years) and female to
male ratio (3.85:1) of the sample in the
present study are consistent with those of
previous studies, which have reported
peak ages for patients with TMD ranging
from 35 to 45 years2,3,15 and female to
male ratios ranging from 2.3:1 to
7.3:1.2,3,10,12,13,16

Several different factors have been sug-
gested for the predominance of females
among TMD patients. One of the main
reasons concerns differences in the thresh-
old of pain, which is lower in women than
in men, driving them to seek care in
greater numbers.15,22 The presence of in-
creased intra-articular pressure in females,
particularly concerning the presence of
disc displacement, may also explain the
higher frequency of TMDs in females.23

Hormonal factors also seem to be respon-
sible for constitutional differences such as
increased ligament laxity and the greater
fragility of the female TMJ.16,24–27 Addi-
tionally, the greater amount of type III
collagen fibres in the retrodiscal tissue
in females may also play a role in the
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Table 3. Logistic regression performed on the MRI findings of morphological changes
(x2 = 0.0096).

Age groupa OR 95% CI P-value

Group A vs. group B 1.095 0.475–2.527 0.8312
Group A vs. group C 1.401 0.624–3.146 0.4137
Group A vs. group D 3.042 1.421–6.512 0.0042*

MRI, magnetic resonance imaging; OR, odds ratio; CI, confidence interval.
a Group A, �30 years; group B, 31–44 years; group C, 45–55 years; group D, �56 years.
* Statistically significant difference (P < 0.05).
higher prevalence of disc displacement in
women.25

Morphological changes in the TMJ are
more frequently observed with increasing
age in both TMDs and musculoskeletal
disorders.28 This was confirmed by a series
of three recent studies performed to verify
age distribution patterns of different RDC/
TMD (Research Diagnostic Criteria for
Temporomandibular Disorders) diagnoses.
All three studies demonstrated that disc
displacement was more commonly found
in the younger age groups, while arthralgia,
osteoarthritis, and/or osteoarthrosis were
more common in the older age groups.2–4

The results found in the present study seem
to confirm this assumption. While DDWR
was more common in the younger age
groups (groups A and B), morphological
changes in the mandibular condyle and/or
the articular tubercle were more prevalent
in the older age groups (groups C and D).
Indeed, evidence suggests that the presence
of disc displacement, especially
DDWoR,29 acts as a causative factor in
the degenerative changes of TMJ compo-
nents.30 This seems to explain the presence
of such internal derangement in younger
individuals and the degenerative changes
found in older individuals. However, the
existence of such a relationship has yet to be
established in the scientific literature, re-
quiring prospective studies with long fol-
low-up periods.

This study also demonstrated correla-
tions between age and osteoarthritis and
age and effusion, in agreement with a
previous study.13 In that study, which
evaluated 144 individuals diagnosed with
a TMD, the authors found that the mean
age of subjects with osteoarthritis in the
right TMJ was 45.67 years and in the left
TMJ was 46.03 years, indicating that the
development of osteoarthritic changes
requires a considerable amount of time.13

Moreover, the same study showed that
patients with effusion in the right and left
TMJ had a mean age of 30.81 years and
29.54 years, respectively, demonstrating
that effusion is more commonly found in
younger TMJs.13

Although the difference found in
the present study was not statistically
significant, avascular necrosis was more
frequently found in patients in the oldest
age group (group D), which is in agree-
ment with previous results in the litera-
ture.17 In order to explore a possible
correlation between patient age and the
incidence of bone oedema and avascular
necrosis, Sano et al. evaluated 35 joints of
35 patients with bone marrow abnormali-
ties of the mandibular condyle.17 Bone
oedema was found in 13 patients with a
mean age of 25.7 years and avascular
necrosis in 22 patients with a mean age
of 45.3 years. Thus, the first variable was
more frequently observed in younger sub-
jects, while the second was more frequent
in older individuals.17 Since studies sug-
gest that bone oedema is a precursor of
avascular necrosis,17,19 this condition may
be expected to primarily affect older indi-
viduals.

The only variable to present a statisti-
cally significant difference among the
groups investigated in this study was mor-
phological changes. The oldest age group
(group D) showed an odds ratio 3.042
times higher for the presence of morpho-
logical changes when compared with the
youngest age group (group A). Indeed,
considering all 73 individuals who pre-
sented morphological changes in the man-
dibular condyle and/or articular tubercle
in their MRI scans, 29 (39.7%) were aged
over 56 years. Unfortunately, no direct
comparison of these results with those
of other studies in the literature is possible,
because none of the studies that served as a
support for the development of the meth-
odology used in the present study con-
ducted statistical comparisons among
groups.2–4 Nonetheless, the results
obtained in the present study reinforce
the evidence arising from the literature,
which shows that morphological changes
are more frequently present in older TMD
patients.2,3,13,23

Although the results of the present study
confirm some important trends in the dis-
tribution of different TMD conditions,
they should be interpreted with caution.
One important limitation of the present
study was the difficulty in finding an ap-
propriate statistical test to answer all the
questions of interest. The results obtained
with the regression model used here are
very specific and punctual, always com-
paring group A with the other age groups.
Comparisons between groups B and C, for
example, were not performed. Further-
more the low prevalence of bone oedema
and avascular necrosis in the individuals
participating in this study may also raise
questions from a statistical point of view.
The very low or total lack of frequency of
these findings in some of the age groups
directly affected the statistical analysis,
preventing the identification of statistical
differences between groups, particularly
between groups A and D. Further studies
with a larger number of individuals pre-
senting these spinal changes, in particular,
could better clarify their correlation with
age.

Another important limitation was the
absence of a normal group of patients
without TMD. The presence of such a
group would allow the effective assess-
ment of, for example, whether the fre-
quency of morphological changes found
in the present study is related to age or
TMD. Due to this limitation the results
cannot be generalized, as they may not
represent what actually happens in the
population in general nor in individual
TMD patients.

Despite the limitations mentioned
above, this study demonstrated that the
prevalence of the imaging findings of
the conditions studied varied between
the sexes and also among the different
age groups, supporting the rejection of
the null hypothesis. It was also found that
an individual aged over 56 years presents
an odds ratio three times greater of pre-
senting morphological changes than an
individual aged �30 years. Moreover,
DDWoR was more prevalent in female
than in male subjects.
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