
Citation: De Stefano, A.A.; Boboc,

A.M.; Horodynski, M.; Impellizzeri,

A.; Serritella, E.; Galluccio, G.

Severity of Temporomandibular Joint

Disc Displacement and Generalized

Joint Hypermobility in Growing

Patients: A Cross-Sectional Magnetic

Resonance Image Study. Appl. Sci.

2023, 13, 12495. https://doi.org/

10.3390/app132212495

Academic Editors: Małgorzata Pihut,

Andrzej Urbanik, Rafał Obuchowicz

and Karolina Nurzynska

Received: 3 October 2023

Revised: 16 October 2023

Accepted: 8 November 2023

Published: 20 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Severity of Temporomandibular Joint Disc Displacement and
Generalized Joint Hypermobility in Growing Patients:
A Cross-Sectional Magnetic Resonance Image Study
Adriana Assunta De Stefano , Ana Maria Boboc, Martina Horodynski * , Alessandra Impellizzeri,
Emanuela Serritella and Gabriella Galluccio

Department of Oral and Maxillofacial Sciences, Sapienza University of Rome, 00161 Rome, Italy;
adriana.destefano@uniroma1.it (A.A.D.S.); anamaria.boboc@uniroma1.it (A.M.B.);
alessandra.impellizzeri@uniroma1.it (A.I.); emanuela.serritella@uniroma1.it (E.S.);
gabriella.galluccio@uniroma1.it (G.G.)
* Correspondence: martina.horodynski@uniroma1.it; Tel.: +39-340-161-9639

Abstract: Background: This study aimed to investigate the association between the internal derange-
ment of the temporomandibular joint (TMJ), in particular the severity of disc displacement (DD), and
the presence of generalized joint hypermobility (GJH) in growing patients evaluated on magnetic
resonance images (MRIs). The study also investigated the relationship between the stages of DD
severity and age. Methods: This cross-sectional study has been conducted on a pre-orthodontic
population (8–16 years). The GJH was assessed with the Beighton test (cutoff ≥ 4) and the final
sample of 56 patients was divided into two groups: a study group, 30 subjects with GJH, and a
control group, 26 subjects without GJH. The disc position was evaluated on MRI and the severity of
DD was classified in four stages. Pearson’s χ2 Test was performed for the analysis of the statistical
correlation. Results: A statistically significant relationship between GJH and disc position was found,
in particular, a disc displacement with reduction (DDwR) and DD severity. A positive association
also emerged between the severity of DD and age, that increased with increasing age. Conclusions:
The research results suggest that there is an association between the presence of generalized joint
hypermobility (GJH) and disc displacement (DD) in growing patients. Growing patients with GJH
showed a higher severity of DD. In older patients, greater severity of DD was evident, suggesting
that this condition may worsen with age during growth.

Keywords: temporomandibular disorders; temporomandibular joint disc; joint laxity; adolescents;
magnetic resonance imaging

1. Introduction

Temporomandibular disorders (TMDs) are a heterogeneous group of pathologies
affecting either the temporomandibular joint (TMJ), masticatory muscles, or associated
structures [1]. The prevalence of TMDs is approximately 31% for adults/elderly [2] and
in children and adolescence varies between 20% and 60% [3]. TMJ clicking sounds, pain,
limitation of mandibular movements, and headache are the most common signs and
symptoms of TMDs [4–7]. In children and adolescents, signs and symptoms of TMD seem
to increase with age with a higher incidence in middle age [2,3,8–10].

TMDs have been classified into two majors categories: pain-related disorders
(e.g., myalgia, headache attributed to TMD, and arthralgia) and disorders associated with
the TMJ (primarily disc displacements and degenerative diseases) [1].

Disc displacement (DD) is one of the disorders associated with the TMJ that can occur
also in the children and adolescent population with a click sound as the most frequent
sign [7,8,11]. DD is a frequent finding among adults, children, and adolescents who search
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for an orthodontic clinical examination [12] with a higher incidence of symptomatic TMJ
DD in late teenager years [13].

The diagnosis of DD is predominantly clinical, through the clinical evaluation protocol
of the diagnostic criteria for TMDs (DC/TMD). Clinically, DDs can be classified according
to the DC/TMD into disc displacement with reduction, disc displacement with reduction
with intermittent locking, disc displacement without reduction with limited opening, and
disc displacement without reduction without limited opening [1]. The diagnosis of DD can
be confirmed by MRI, considered the gold standard for the evaluation of the articular disc.
On MRI images, DD can be classified into disc displaced with reduction (DDwR) and disc
displaced without reduction (DDwoR) according to the position the disc takes in a closed
mouth and an open mouth [1].

Several studies have investigated the etiopathogenesis of DD, including macro- and
microtrauma in the joint, lack of muscle coordination, changes in TMJ lubrication, postu-
ral disorders, stress, and depression [11,14,15]. Likewise, the anatomical and functional
changes of the osseous structures of the TMJ have been associated with disc displace-
ment [16–22]. Joint hypermobility has also been associated with DD [23–25]. Joint hypermo-
bility (JH) is a term that describes the ability of a singular or multiple joints to move beyond
the normal physiological limits, and it is considered more as a descriptor rather than a
diagnosis; it can be observed as localized joint hypermobility or as general hypermobility
(GJH) when it affects multiple joints [26]. The most common method used for assessing
GJH is the Beighton Score (BS), a set of tests in a nine-point scoring system. It was initially
developed as an epidemiological tool used for screening large populations, but later, it has
been utilized as a clinical tool for diagnosis of GJH [27,28].

In a review of the clinical presentation of DD, it is suggested that in patients with DD
the structures of the TMJ can adapt and that the progression is extremely benign in most
cases [29]. However, the studies included in the review are of adult patients and in no
case was the presence of GJH considered. Adolescents with GJH seem to have a greater
predisposition to present DD, especially disc displacement without reduction [23]. To the
best of our knowledge, there are no studies in the literature on the correlation between
different degrees of severity of DD and GJH in growing patients.

It would be interesting to know if the severity of disc displacement assessed on MRI is
associated with the presence of GJH in growing patients and if this severity changes with
the age of the patients evaluated which could indicate a progression of the condition.

The aims of the present study, therefore, were (1) to assess if there is an association
between internal derangements of TMJ, in particular the severity of DD and the presence
of GJH in pre-orthodontic growing patients evaluated on MRI and, (2) to determine the
relationship between the severity stages of DD and age in growing patients.

2. Materials and Methods
2.1. Study Population

This observational cross-sectional study followed the Helsinki Declaration on medical
protocol and recommendations for research on humans and was approved by the Insti-
tutional Ethics Committee of Policlinico Umberto I (N.47/19/0001155) [30]. All patients
and their parents were informed about the risks and benefits of participating in this study,
as well as the potential use of the data in future research studies, and written informed
consent forms were obtained from parents who agreed to participate.

This study has been conducted on pre-orthodontic patients visiting an Orthodontics
Operational Unit of the Department of Odontostomatological and Maxillofacial Sciences of
the University “La Sapienza” of Rome for an initial examination. Patients aged between 8
and 16 years, both sexes, diagnosed with one of the four types of DD (unilateral or bilateral)
according to the DC/TMD and with indications for further diagnosis by MRI by the treating
clinician and not as part of this study, were included after informed consent of all the
subjects or their parents was obtained. Patients with systemic pathologies, clinical history of
craniofacial traumas, syndromic patients, history of orthodontic or gnathological treatment,
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history of surgical operations of TMJ or maxillofacial, inflammatory TMJ pathologies, and,
finally, motion artifacts in MRIs that were avoiding a proper evaluation of the MRI were
excluded. The patients were divided into three age groups: Group I from 8 to 9 years (GR-I),
Group II from 10 to 12 years (GR-II), and Group III from 13 to 16 years (GR-III).

2.2. GJH Evaluation

The Beighton score [24] was applied to determine the presence of GJH, it consists
of five tests, of which four are bilateral: (1) passive abduction of the thumb towards
the front of the forearm; (2) passive dorsiflexion of the metacarpophalangeal joint of the
5th finger > 90◦; (3) hyperextension of the elbow joint > 10◦; (4) hyperextension of the knee
joint > 10◦; (5) contact of the palms of the hands on the floor with the extended lower limbs.
For each positive test, 1 point was assigned.

Considering a cut-off value of ≥4 in the Beighton score [27,28], the final sample was
divided into two groups: a study group (SG), subjects with GJH, and a control group (CG),
subjects without GJH.

2.3. MRI Evaluation

The TMJ MRIs were acquired with a bilateral 7.5 cm TMJ antenna on an MRI scanner
OpticaMR360® GE 1.5-Tesla model (General Electric Medical System®, Chicago, IL, USA).
The images were obtained in maximum intercuspation and in maximum mouth opening in
both the sagittal and coronal projection (parallel to the long axis of the condyle) with 3 mm
thick sections. For each TMJ, (right and left) oblique sagittal T1-w, oblique sagittal T2-w, and
oblique coronal T1-w in closed-mouth position and oblique sagittal PD in opened-mouth
sequences were obtained.

2.3.1. Disc Position

The disc position, evaluated in the sagittal and coronal projection of MRI, was classified
into three categories: Refs. [1,31,32].

Normal disc position (N), when in closed-mouth position, the posterior band of the
disc was positioned above the apex of the condylar head (in a 12 o’clock position), while
in an open-mouth position the intermediate zone of the disc was interposed between the
condyle and the articular eminence; in coronal projection, the disc was located over the
head of the condyle; in open-mouth, the disc remained interposed between the condyle
and the articular surface of the articular eminence.

Disc displacement with reduction (DDwR), when in sagittal projection, in a closed-
mouth position, the posterior band of the disc was anteriorly displaced relative to the head
of the condyle and in coronal projection could appear in a normal position over the head
of the condyle and/or displaced medially or laterally. However, the articular disc was
reduced on mouth opening.

Disc displacement without reduction (DDwoR), when in sagittal and/or coronal
planes, in both closed-mouth position and open-mouth position, the posterior band of the
disc was displaced relative to the head of the condyle, and in an open-mouth position, the
correct relationship of the condyle–disc complex was not restored (Figure 1).

2.3.2. Disc Displacement Severity

According to the method developed by Ikeda et al. [32], the severity of DD was
assessed in MRI sagittal and coronal planes, to classify the disc position into four different
severity stages of DD, from stage 0 to stage 4. In the sagittal plane, the position of the
disc in each joint was evaluated in three sagittal MRI slices (medial, middle, and lateral)
and based on the location of the posterior band (PB) of the articular disc related to the
condyle apex was rated as level 0 (normal), level 1, level 2, and level 3 when PB is at 12
o’clock, 11 o’clock, 10 o’clock, and 9 o’clock or below, respectively. In the coronal plane, the
mediolateral DD was assessed and assigned the rating of Level 0 when mediolateral disc
displacement was not present and Level 1 when the disc was wider on the medial or lateral
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side or when the disc was displaced until one-sixth of its mediolateral breadth; Level 2
when the disc was displaced till one-third of its mediolateral breadth with a drop-like form;
and, finally, Level 3 when the disc was displaced half or more of its mediolateral breadth.
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Figure 1. Disc position based on open-mouth and closed-mouth. DDwR: disc displacement with
reduction; DDwoR: disc displacement without reduction.

Based on the assessment of the emerged data from the sagittal and coronal plane, a
severity stage was assigned to the DD [32]:

• Stage 0 (normal): disc in a normal position, both in a sagittal and coronal plane.
• Stage 1: the position of the disc in the sagittal planes and the coronal plane up to

level 1.
• Stage 2: the disc position in sagittal planes of level 2 or sagittal planes of level 1 and

the coronal plane up to level 2.
• Stage 3: disc position in sagittal planes of level 3 and the coronal plane of level up to 3

with disc reduction in mouth opening.
• Stage 4: sagittal planes of level 3 and the coronal plane of level up to 3 without disc

reduction in mouth opening.

2.4. Statistical Analysis

For statistical descriptive purposes, each TMJ was considered as a statistical unit. The
statistical analysis was conducted using the IBM SPSS version 24 software and Pearson’s χ2
Test was performed for the analysis of the statistical correlation to compare the frequency
of events of the two groups. The statistical significance level of the correlations was set at
5% (p ≤ 0.05).

3. Results

The final sample was composed of 56 individuals, of which there were 36 females
(64.3%) and 20 males (35.7%), ranging in age from 8 to 16 years with a mean age of
12.46 ± 2.28 years.

The sample was divided, based on the presence or absence of GJH, in a study group of
30 subjects with GJH, 22 females (39.3%) and 8 males (14.3%), and a control group without
GJH composed of 26 subjects: 14 females (25%) and 12 males (21.4%). No statistically
significant association was observed between the presence of GJH and sex (p > 0.05).

Furthermore, the sample was divided into three age groups: group I (GR-I) from
8 to 9 years, composed of 7 subjects (12.5%), group II (GR-II) from 10 to 12 years, were
23 subjects (41.1%), and group III (GR-III) from 13 to 16 years of 26 subjects (46.4%). No
statistical association between age groups and the presence of GJH was evident (p > 0.05).
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MRI Assessment

A total of one hundred twelve (112) TMJs were examined and each TMJ was treated
as a single statistical unit.

The study of MRI images revealed the following percentages of disc position in the
total sample: normal disc position 41%, DDwR 51%, DDwoR 20%. Therefore, a higher
prevalence of DDwR was observed. There was no statistically significant association
between disc position and sex (p > 0.05) or age groups (p > 0.05). However, DDwoR did not
occur in age group I, but was more frequent in GR-III (Table 1).

Table 1. Distribution of disc position by age groups. (p = 0.369; χ2 = 4.285).

Age Groups

Disc Position

Normal DDwR DDwoR

N % N % N %

GR-I
(8 to 9 years) 7 17% 7 14% 0 0%

Gr-II
10 to 12 years 17 41% 21 41% 8 40%

Gr-III
13 to 16 years 17 41% 23 45% 12 60%

Total 41 100% 51 100% 20 100%

A statistically significant association emerged between GJH and disc position, in the
study group, 78% of patients showed a DD, compared to 46% of the control group (p = 0.00;
χ2 = 12.431; OR = 4.218). DDwR and DDwoR showed a higher presence in the study group
(55% and 23%, respectively) compared to the control group (34% and 12%, respectively)
(p = 0.002; χ2 = 12.592) (Figure 2).
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The analysis of the association between the GJH and DD severity showed statistically
significant results (p < 0.010; χ2 = 13.196); the most severe DD showed a frequency of 70%
in the study group compared to 30% in the control group. The specific percentages of each
stage are illustrated in Figure 3.
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Regarding the severity of DD and sex, there was no statistical correlation (p > 0.05),
but stage 3 and 4 of severity DD was more frequent in the female participants.

A statistically significant association was observed between DD severity and age
groups (p = 0.017; χ2 = 18.707), with a higher frequency of stages 2, 3, and 4 severity in
age groups II and III, showing that with increasing age, the greater the severity of DD. The
specific percentages of each stage are represented in Table 2.

Table 2. Distribution of severity of DD by age groups. (p = 0.017; χ2 = 18.707).

Age Groups

DD Severity

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

N % N % N % N % N %

GR-I
7 17% 7 28% 0 0% 0 0% 0 0%

(8 to 9 years)

Gr-II
17 41% 13 52% 7 29% 1 50% 8 40%

10 to 12 years

Gr-III
17 41% 5 20% 17 71% 1 50% 12 60%

13 to 16 years

Total 41 100% 25 100% 24 100% 2 100% 20 100%

4. Discussion

This cross-sectional study was conducted to investigate the association between the
severity of DD and the presence of GJH in pre-orthodontic growing patients evaluated
with MRI, and to investigate the relationship between the stages of DD and age.

MRI is an important tool for the imaging diagnosis of TMDs and has been considered
the gold standard for the evaluation of the TMJ, because it provides detailed images of
soft tissues and anatomical structures of the TMJ, especially of the articular disc and its
position [33–35]. MRI can identify disc displacements in their early stages, enabling early
and preventive treatment [33,36]. In growing patients, it is crucial to detect issues in the
TMJ as early as possible to address them effectively. Unlike other imaging techniques like
computed tomography (CT), MRI does not use ionizing radiation, this makes it safe for use
in young patients and avoids unnecessary radiation exposure [37,38].
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The DD is the most common TMJ internal damage condition. It was diagnosed in the
general population and is also present in children and adolescents [7,39–43]. In the present
study, the most common DD was DDwR, a result that is in agreement with several authors.
Valesan et al. [2], in their systematic review, reported a higher prevalence of DDwR than
DDwoR in developmental individuals of the general population. While Nebbe et al. [44]
evaluated pre-orthodontic adolescents with a high prevalence of DDwR.

Various hypotheses have been put forward to explain the etiopathogenesis of abnormal
disc position, including ligamentous hypermobility [45]. The TMJ can be affected by GJH,
receiving an overload, and, as a consequence, suffers degenerative changes which can
produce internal derangements [46]. The articular disc is maintained in the normal position
on the condyle thanks to the action of the collateral ligaments [3]. The higher prevalence in
this study of DD in growing patients with GJH could suggest greater laxity of the ligaments
that hold the disc in its normal anatomic relationship with the condyle, which over time
could lead to continued damage to the ligaments. Some studies show that in the TMJ of
GJH subjects there is an increased risk of articular disc displacement and a lower risk of
reduced mouth opening capacity [47,48]. These data agree with the results of this research;
subjects with GJH, compared to the control group, have a higher percentage of DD, with a
4-fold increased risk of presenting DD for patients with GJH. Other authors suggest that
there is no such correlation between GJH and DD; however, they did not study growing
patients [46,49].

DDwR was the most frequent DD in the whole sample, as reported also by other
authors [7–9,15]. However, in the age distribution, it is important to note that DDwR
occurred only in age group III from 12 to 14 years. This result could be explained by
the suggestion of some authors who propose that DDwR would be the first stage of disc
displacement, which could evolve into DDwoR [11,15,40]. However, the literature is
controversial on this aspect, as some authors report that this evolution is not evident. In
the systematic review conducted by Naeije et al. [50], it emerges that DDwR is usually a
stable, painless condition and accompanies the patient throughout life depending on the
adaptive physiological processes that may occur.

Regarding the severity of DD, patients with GJH had a 2-fold higher frequency of DD
of greater severity (stage 3 and 4) than patients in the control group. Furthermore, there
was a higher frequency of 2, 3, and 4 severity stages in age groups II and III, while group I
showed the presence stage 1 of DD, considered incipient, showing that with increasing age,
the greater the severity of DD. These results, which are consistent with those reported by
Ikeda et al. [32], suggest that it is possible that intra-articular disorder may begin before the
age of 10 years and that it is clinically desirable to check the condition of the articular disc
at an early age. To the best of the authors’ knowledge, there are no articles in the literature
that consider the evolution of DD in growing patients with GJH.

This study has some limitations. The sample size did not allow for a proportionate
distribution by age groups, so the results do not allow conclusions to be made without risk
of bias. Furthermore, the clinical diagnoses of DD according to the DC/TMD were not
considered separately, this could represent a limitation if the results are to be transferred to
the clinical evaluation alone.

Despite the limitations of this study, the results obtained provide evidence of an
association between a generalized condition such as GJH and DD in growing patients. This
could contribute to understanding the risk factors associated with the development of DD
in children and adolescents.

The knowledge that the presence of GJH in growing patients could represent an
increased risk of developing and having a negative outcome for DD implies that the
diagnosis of GJH should be included in the evaluation of TMDs in growing patients.
Furthermore, it would be advisable to develop specific indications for the prevention and
treatment of DD in patients growing up with GJH.

To expand this line of research and confirm the results of this study, future research on
the effect of GJH on TMJ tissues in growing patients should be conducted. Longitudinal
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studies on the progression of DD in children and adolescents with GJH are also needed in
order to know the prognosis of the condition in these patients and to treat early if necessary.

5. Conclusions

The research results suggest that there is an association between the presence of gener-
alized joint hypermobility (GJH) and disc displacement (DD) in growing patients. Growing
patients with GJH showed a higher severity of DD. In adolescent patients, greater severity
of DD was evident, suggesting that this condition may worsen with age during growth.
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