RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

HAYYHBIN OB30P

RADIOLOGY OF TEMPROMANDIBULAR JOINT AFTER
THE ORTHODONTIC TREATMENT

Serova N.S., Sokkar A.A., Paviova O.Yu., Medhat A., Babkova A.A.,
Israelyan Sh.O., Kuzmenkov D.V.

L.M. Sechenov First Moscow State Medical University (Sechenov University). Moscow, Russia.

he problem of choosing a method of examination in the pathology of the temporomandibu-

lar joint (TMJ) is one of the most difficult issues in modern radiology and maxillofacial sur-

gery. In particular, the question of radiology methods usage in the study of the TMJ state

after orthodontic treatment remains unexplored. When examining patients with suspected
TMJ pathology, a wide range of methods are used: from ultrasound to high-tech methods — comput-
ed and magnetic resonance imaging, however, the lack of a single examination algorithm and the
ambiguity in the choice of treatment for patients after orthodontic treatment indicates the high rele-
vance of this problem.

A review of the literature on radiology of the TMJ after orthodontic treatment is presented, the
advantages and limitations of various methods are identified, indicating the features of the research
technique. Information on functional methods of TMJ research is also presented.

Keywords: X-ray diagnostics, TMJ, orthopantomography, MSCT, CBCT, orthodontic treatment,
dentistry.

Corresponding author: Pavlova O.Yu., e-mail: dr.olgapavlova@gmail.com

For citation: Serova N.S., Sokkar A.A., Pavlova O.Yu., Medhat A., Babkova A.A., Israelyan Sh.O.,
Kuzmenkov D.V. Radiology of tempromandibular joint after the orthodontic treatment. REJR 2022;
12(2):21-34. DOI: DOI: 10.21569/2222-7415-2022-12-2-21-34.

Received: 14.02.22 Accepted: 13.06.22

AYYEBAS AMATHOCTUKA U3MEHEHUN BUCOYHO-HUXKHEYEAIOCTHOIO CYCTABA
NMOCAE OPTOAOHTUHECKOIO AEHEHUA

Ceposa H.C., Cokkap A.A., lNMasaosa O.FO., Meaxat A., babkosa AA.,
NcpaeadH LW.O., KysbmeHkos A.B.

®I'AOY BO Ilepebrt MI'MY um. .M. CeuenoBa Mun3npasa Poccru (CeuenoBckuit YHuBepcutert). . Mocksa, Poccus.

a CeromHAIHUY neHb IIpobaeMa BbIOOpa MeToaa OOCAELOBAHUS IIPH IIATOAOTHH BHCOYHO-
HHXKHedealocTHoro cycraBa (BHYC) aBagerca OOHHUM M3 CaMbIX CAOXKHBIX BOIIPOCOB B CO-
BpPEMEHHOH Ay4eBOM AUATHOCTUKE M YEAIOCTHO-AHIIEBOM XUPYypruu. B ocobGeHHOCTH, ocTa-
€TCd HEU3y4EHHBIM BOIIPOC IIPUMEHEHHUS METOAOB AYy4YE€BOH AHUArHOCTHKH IIPH HCCAEOOBAa-
Hum cocrosgHug BHYC nocae opTomoHTHYECKOro AedeHHUd. [Tpu obcaeoBaHUH MMAIMEHTOB C IIOA03pe-
HueM Ha naroasoruito BHUC nmpumMmeHdaeTca HIMPOKHHE CIEKTP METOA0B AyU€BOM AUATrHOCTUKHU: OT YAb-
TPa3BYKOBOI'O HCCACIOBAHUSI OO0 BBICOKOTEXHOAOTHYHBIX METONOB — KOMIIBIOTEPHOM M MAarHHUTHO-
PE30HAHCHOM ToMOoTrpaduH, OMHAKO, OTCYTCTBHE €IMHOTO aAropuTMa obCcAeloBaHMS KM HEOMHO3HAU-
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HOCTB BBIOOpA A€YEHHUS ITAIIHEHTOB II0CAE OPTOLOHTHYECKOI'O ACYEHUS TOBOPHUT O BBICOKOM aKTYaABHO-
CTU OaHHOU ITPOOAEMEL.

[IpencraBaeH 0630p AUTEPATYPBI IO AydeBoi auarHocTuke BHUC mmocae opTOZOHTHYECKOTO Ae-
YEHHs, ONPEACACHBI IIPEHUMYIIECTBA M OTPAHHYECHHA DPA3AUYHBIX METOAOB AY4EBON AUATHOCTHKH C
yKazaHueM ocoOeHHOCTell TeXHUKH IIPOBENEHUd HCcAenoBaHUM. Takske mperacTaBAeHa HH(OpPMAIIVS
10 (PpYHKIIMOHAABHBIM MeTOAuKaM uccaenoBanus BHYC.
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ntroduction.

TMJ is an acronym that stands for tem-

poromandibular joint. Temporomandibular

joints are located on both sides of the face,

in front of your ears (Fig. 1). Temporo-
mandibular joints are hinges that connects jaw
to the temporal bones of the skull [1].

Problems with the jaw and the TMJ’s
muscles are known as temporomandibular dis-
orders (TMD). This refers to any dysfunction of
the TMJ. Many people use the terms TMJ and
TMD interchangeably.

The prevalence of pathology of the tem-
poromandibular joint (TMJ), according to vari-
ous sources, ranges from 40 to 95%. TMJ dys-

functions occur in children and adolescents in
14-20% of cases, and with age, their frequency
increases significantly due to loss of teeth, irra-
tional prosthetics or orthodontic treatment, low-
ering the height of the lower third of the face,
etc [2, 3].

TMJ dysfunction occurs when the mus-
cles and ligaments around your jaw joints be-
come inflamed or irritated. The condition may
be acute or chronic, and the resulting pain may
be mild or severe.

TMJ dysfunction is associated with a
change in the relative position of the TMJ ele-
ments, trauma to the cartilaginous surfaces,
meniscus, and compression of the bilaminar

Joint capsule

Lateral (temporomandibular) ligament

Sphenomandibular ligament

Styloid process

Stylomandibular ligament

Fig. 1 a (Puc. 1 a)

Fig. 1 b (Puc. 1 6)

Fig. 1.

Puc. 1.
cKeAeTa.

A - Representation of TMJ, B - MSCT, 3D model of facial skeleton.

A - U306pakeHne BUCOHHO-HMXKHEYEAICTHOro cyctaea, b — MCKT, 3D- moaAeAb AMLLEBOTO
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zone. Early diagnosis of TMJ dysfunctions is
difficult due to the paucity of characteristic clin-
ical manifestations. Pathology is localized main-
ly in the articular disc, capsular-ligamentous
apparatus and is first manifested by functional
disorders. Then, the bone structures of the joint
are involved in the pathological process.

The relationship between Temporoman-
dibular Disorders (TMD) and malocclusion is an
extremely critical issue in dentistry nowadays.
Contrary to the old concept that malocclusion
causes TMD, occlusal changes, especially those
observed as sudden, may be secondary and re-
flect joint or muscle disorders due to the obvi-
ous connection between these structures and
the dental occlusion [3, 4].

What is malocclusion?

A malocclusion is a misalignment or in-
correct relation between the teeth of the two
dental arches when they approach each other
as the jaws close (Fig. 2) [4].

There are several different treatment mo-
dalities for malocclusion, depending on the type
of malocclusion and the severity of the problem,
these include:

* fixed appliances (braces) to fix the incor-
rect position of the teeth,

* tooth extraction to alleviate overcrowd-
ing,

* capping, bonding, or reshaping teeth,

e surgery to shorten the jaw or reshape it
(performed by a maxillofacial surgeon),

* plates or wires to stabilize the jaw bone,

* removable mouth appliances to maintain
a new position of the teeth (such as after brac-
es), or in some cases to promote the growth of
the jaws for an improvement in the alignment of
the bite.

Orthodontic treatment is a way of
straightening or moving teeth, to improve the
appearance of the teeth and how they work. It
can also help to look after the long-term health

of your teeth, gums and jaw joints, by spreading
the biting pressure over all your teeth.

The main aim of orthodontic treatment is
to correct malocclusion, in order, to achieve
functionally appropriate occlusion and optimum
dental and facial aesthetics to eliminate func-
tional problems that may predispose a patient
to TMD [5-7].

Types of orthodontic treatment.

If the patient has a skeletal discrepancy,
there are three main approaches to orthodontic
treatment:

1. Growth modification — growth is used to
correct the skeletal discrepancy. To correct a
skeletal discrepancy using growth modification,
the patient needs to be growing so this type of
treatment is best carried out in the late mixed
or early permanent dentition. Growth modifica-
tion treatment can involve the use of a func-
tional appliance and/ or headgear

2. Camouflage treatment. If the patient is
near or at the end of growth, mild or moderate
skeletal discrepancies may be treated with cam-
ouflage treatment that involves the use of fixed
orthodontic appliances, often in combination
with extractions, to move the teeth so as to dis-
guise the skeletal discrepancy

3. A combination of orthodontic treatment
and orthognathic surgery to correct the maloc-
clusion and underlying skeletal discrepancy. If
the skeletal discrepancy is severe and the pa-
tient is at the end of growth, then the malocclu-
sion and underlying skeletal discrepancy can be
treated using a combination of orthodontics and
orthognathic surgery [5-8].

Orthodontic appliances.

Orthodontic treatment uses appliances to
correct the position of teeth. The 4 main types
are:

* fixed braces — a brace you cannot remove
which is made up of brackets that are glued to
the front of each tooth and linked with wires

Fig. 2 (Puc. 2)
Fig. 2. Scheme. Angle’s classifications for malocclusion [4].
Puc.2. Cxema caruTTAAbHbIX QHOMOAUMK NPUKYCA NO DHTAY [4].
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* removable braces — usually plastic plates
that cover the roof of the mouth and clip on to
some teeth; these can only be used to achieve
very limited tooth movements

* functional appliances — usually a pair of
removable plastic braces that are joined togeth-
er or designed to interact together and fit on to
both the upper and lower teeth

* headgear — this is not an orthodontic ap-
pliance, but it can be used with other applianc-
es and is usually worn at night [6-8].

Does malocclusion cause TMD?

Malocclusal interferences have been con-
sidered as risk factors for TMD. An electromyo-
graphic (EMG) study done by Ramfjord on 34
patients stated that «The most common occlusal
factor in bruxism is a discrepancy between cen-
tric relation and centric occlusion; invariably
such discrepancy is accompanied by asynchro-
nous contraction or sustained strain in the
temporal and masseter muscles during swallow-
ing». Therefore, he suggested occlusal equilibra-
tion to provide muscular balance and to elimi-
nate the bruxism. The proposed causal chain of
events suggested that interference acts as a
trigger for bruxism, which in turn may result in
overload of the masticatory muscle, tenderness,
pain and TMJ clicking [7-10].

Orthodontic treatment and TMD.

Orthodontists believed that malocclusion
caused the posterior and superior displacement
of the condyle. Hence, there was the need to
bring downward and forward the condyle by
freeing up the trapped mandible. Since then,
various malocclusions have been associated
with TMD signs or symptoms. In 1988, Greene
and Laskin published a list of 10 myths in this
field that, surprisingly after 20 years, are still a
matter of debate among orthodontists [8-12]:

* People with certain types of untreated
malocclusion (for example, Class II Division 2,
deep overbite, crossbite) are more likely to de-
velop TMD.

* People with excessive incisal guidance,
or people totally lacking incisal guidance (open
bite), are more likely to develop TMD.

* People with gross maxillo-mandibular
disharmonies are more likely to develop TMD.

* Pre-treatment radiographs of both TMJs
should be taken before starting orthodontic
treatment. The position of each condyle in its
fossa should be assessed, and orthodontic
treatment should be directed at producing a
good relationship at the end. (“good” position
usually was defined as being a concentric
placement of the condyle in the fossa).

* Orthodontic treatment, when properly
done, reduces the likelihood of subsequently
developing TMD.

| www.rejr.ru | REJR. 2022; 12 (2):21-34

* Finishing orthodontic cases according to
specific functional occlusion guidelines (e.g.
gnathologic principles) reduces the likelihood of
subsequently developing TMD.

* The use of certain traditional orthodontic
procedures and/or appliances may increase the
likelihood of subsequently developing TMD.

e Adult patients who have some type of
occlusal ‘disharmony’ along with the presence of
TMD symptoms will probably require some form
of occlusal correction to get well and stay well.

* Retrusion of the mandible because of
natural causes or after treatment procedures is
a major factor in the aetiology of TMD.

e When the mandible is distalized, the ar-
ticular disc may slip off the front of the condyle
[5, 6, 11-13].

What are the signs and symptoms?

A variety of symptoms may be linked to
TMJ disorders. Pain, particularly in the chewing
muscles and/or jaw joint, is the most common
symptom. Other likely symptoms include:

* radiating pain in the face, jaw, or neck,

* jaw muscle stiffness,

¢ limited movement or locking of the jaw,

* painful clicking, popping or grating in
the jaw joint when opening, or closing the
mouth

* a change in the way the upper and lower
teeth fit together [7, 8, 11-13].

Imaging of TMD.

There are number of methods that are
used to visualize TMD. The radiograph plays an
important role in assessing the dentition, but is
not very informative for the functional analysis
of the temporomandibular joints, since the joint
space is not visible throughout and the assess-
ment is difficult due to the image summation
effect, as well as projection distortion [14].

To examine the joint, it is possible to use
a tomographic study. This method has ad-
vantages over the classical radiograph in the
possibility of more accurate visualization of the
joint space, articular surfaces. But it requires
multiple X-ray studies and does not provide an
opportunity to fully determine functional disor-
ders.

With the advent of high-tech research
methods (MSCT, CBCT, MRI), diagnosis has be-
come more accurate. The data obtained from
classical these methods studies provide a good
image quality of the anatomical structures of
the temporomandibular joints and their rela-
tionship to each other, but do not allow one to
directly judge the degree of violation of the bio-
mechanics of movements in the joints [15].

In the field of dentistry today there are
two general indications for the use of imaging
procedures: exclusion of primary diseases of the
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joint and visualization and documentation of
adaptations. Examination of the TMJ through
imaging procedures is further complicated by
the combination of medical and legal considera-
tions, plus an incomplete understanding of ex-
actly what diagnostic procedures are relevant to
treatment planning. From a purely medical
standpoint, the indications for imaging proce-
dures are simply to separate primary joint dis-
eases from functional problems, to identify ad-
aptations, and to describe the positional rela-
tionships between disk and condyle [16].

Orthopantomography.

Orthopantomography is a technique that
allows to get an image of the teeth and jaws,
TMJ and lower parts of the maxillary sinuses in
one picture. Using this technique, it is possible
to diagnose pathological bone processes in all
parts of the dentition, determine the condition
of the teeth and dentition, bone elements of the
TMJ, alveolar parts of the maxillary sinuses,
identify injuries, post-traumatic and congenital
deformities of the jaws, evaluate the treatment
results. The TMJ is displayed simultaneously in
two projections, which makes it possible to as-
sess the state of the bone elements of the joints,
but causes an unreliable transmission of intra-
articular relationships [14, 15].

Since orthopantomograms always show
image size distortions, measurement results
from these images are unreliable. Orthopan-
tomograms contain many additional shadows
formed by the air space of the oropharynx, bone

massifs of the facial and brain skull, cervical
spine, soft tissues of the face and mouth.

The implementation of this technique
should be carried out with strict observance of
the methodological techniques specified in the
instructions attached to the orthopantomo-
graphs. Even minor errors performing the in-
stallation of the patient's head cause a decrease
in the clarity of the transfer of teeth and bone
structure, the summation of the shadows of the
crowns of the teeth, the layering of a wide in-
tense vertical shadow of the spinal column on
the frontal sections of the jaws, the asymmetry
of the image of the halves of the jaws. These fac-
tors that reduce image quality can equally affect
the objectivity of X-ray diagnostics (Fig. 3) [15,
16, 17].

Advantages:

* Increased coverage of supporting struc-
tures of the oral cavity

e Simple procedure to perform.

* Requires minimal patient
and cooperation.

* Can be performed in less time than the
exposure of a full mouth series of radiographs

Disadvantages:

* Increased image distortion.

* Reduced image sharpness.

* Soft tissue shadows present on the re-
sulting image may mimic pathology.

* Length of exposure time may limit its
use on young children and other patients who
cannot remain still throughout the exposure

instruction

Fig. 3 (Puc. 3)

Fig. 3. Orthopantomogram.

Puc.3. OpTonaHTOMOrpamma.

MaABHOTO IIpHUKYyCa.

Braces are visualized in the area of the upper and lower jaws. There is an abnormal bite.

B obaractm BepxHell M HHKHEH YEAIOCTEH BH3yaAH3HUpyeTcsa Opeker-crucremMa. OTMedaeTcd HapylleHHE HOP-

| www.rejr.ru | REJR. 2022; 12 (2):21-34

DOI: 10.21569/2222-7415-2022-12-2-21-34 25


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

cycle [16, 17].

Cone-beam
(CBCT).

CBCT is a specialized X-ray technique
that combines the technical parameters of tradi-
tional digital orthopantomography and comput-
ed tomography. The fundamental difference be-
tween CBCT and computed tomography is the
conical shape of the radiation beam [17].

During the examination, the X-ray tube
rotates around the patient's head, producing
many 2D images. Modern CBCT technologies
allow obtaining images with high resolution and
diagnostic quality in a very short time. In a
modern clinic, it takes no more than 2 minutes
to examine a patient.

Image processing takes place at the
workstation of the CBCT in bone mode, using
multiplanar reconstructions in the axial, coro-
nal and sagittal planes and building 3D models

computed tomography

(Fig. 4) [18].
The technical advantages of CBCT include
the following characteristics: high quality of im-
ages in the bone mode, the possibility of build-
ing multiplanar and 3D reconstructions, rela-
tively low radiation exposure and examination
time compared to MSCT, convenient (more often
in a sitting or standing position) patient posi-
tioning, many additional applications and pro-
grams for planning and virtual simulation of
various types of surgical treatment. The limita-
tion of the method is the almost complete ab-
sence of soft tissue differentiation, which results
in difficult visualization of soft tissue density
structures [19, 20].
Multislice computed tomography.
Advances in computer technology have
made it possible to create three-dimensional
images from single axial or sagittal slices. This
has helped to further improve the ability to

Fig. 4 (Puc. 4)

Fig.4. CBCT.

the maximum open mouth.

Puc.4.  KAKT.

Workstation interface: panoramic, 3D, sagittal, coronal, axial reconstructions. The study was conducted with

HNuaTtepdeiic paboyeii craHIMH: naHopaMHad, 3D, caruTrasbHas, KOPOHAABHAasd PEKOHCTPYKIIHH, aKCHAABHAS
npoekuus. MccaemoBaHue IIPOBEAEHO IPU MaKCUMaABHO OTKPBITOM PTE.
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make an accurate diagnosis and to more effec-
tively plan treatment prior to surgery. Multi-
spiral computed tomography (MSCT) is a layer-
by-layer X-ray examination with computer re-
construction of the image with a spiral trajecto-
ry of rotation of the “X-ray tube-detector” sys-
tem around the object being examined [17, 18,
20]. Due to the increase in the number of detec-
tor rows, modern tomographs have the ability to
obtain several sections simultaneously, which
makes it possible to obtain high-quality images
of the area under study, reduce exami-

nation time and reduce radiation exposure.
MSCT simultaneously visualizes the bone and
soft tissue structures of the maxillofacial region
at the pre- and postoperative stages of treat-
ment. With the help of MSCT, it is possible to
determine the state of the upper and lower jaws,
their alveolar parts, the dentoalveolar system,
temporomandibular joints, paranasal sinuses,
as well as identify concomitant diseases.

To study the TMJ, a CT scan is per-
formed in the position of habitual occlusion and
in the position of the open mouth (Fig. 5, 6)
[21].

Advantages:

e When analyzing MSCT images, it is pos-
sible to study the study area in layers, measure
various values of anatomical structures and
density.

* obtaining thin axial CT sections with
their transformation into multiplanar and 3D
reconstructions

* MSCT simultaneously visualizes bone
and soft tissue structures of the maxillofacial
region at the pre- and postoperative stages of
treatment.

Disadvatages:

e higher radiation exposure compared to
X-ray or CBCT

e artifacts from metal structures

*eno direct visualization of the disc and
TMJ ligaments [17, 18, 21].

Functional MSCT (fMSCT).

The technical result consists in determin-
ing the violation of the biomechanical relation-
ships of the structures of the temporomandibu-
lar joints due to a detailed assessment of the
location of the condylar processes heads of the
lower jaw relative to the articular cavities in all

Fig. 5 c (Puc. 5 B)

Fig. 5d (Puc. 5r)

Fig. 5. MSCT, 3D mode.

A, B - close mouth, C — patient with the open mouth, right TMJ, D - patient with open mouth, left TMJ.

Puc.5. MCKT, 3D-peKOHCTPYKLLMS;

A, B — cocrogHUe IPUBBIYHON OKKAIO3MH, C — mccaemoBanue npaBoro BHUYC ¢ MakcHMaAbHO OTKPBIM pToM, D
— uccaenoBanmue AeBoro BHYC ¢ MakKCHMaABHO OTKPBITBIM PTOM.
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planes, from the moment of habitual occlusion
to the state of the maximum open mouth. Dur-
ing the study, the patient performs a gradual
opening of the mouth from the position of ha-
bitual occlusion [17, 18, 21, 22].

The method of fMSCT in the diagnostics of
TMJ dysfunction is carried out in volumetric
mode with a slice thickness of 0.5 mm. The

Both TMJs are assessed, their structure,
the presence of pathological changes, the rela-
tive position of the head of the condylar process
of the lower jaw relative to the articular fossa in
the position of habitual occlusion are assessed,
the displacement of the head relative to the ar-
ticular tubercle in the sagittal and coronary
planes is assessed at all stages of movement

Fig. 6 a (Puc. 6 a)

Fig. 6 b (Puc. 6 6)

Fig. 6 c (Puc. 6 B)

Fig. 6 d (Puc. 6 1)

Fig. 6.
tions.

Puc. 6.

MSCT. Multiplanar reconstructions (MPR) of the temporomandibular joints, oblique projec-

A - right TMJ in the position of habitual occlusion; B — right TMJ in the open mouth position; C — left TMJ in
position in the position of habitual occlusion; D — left TMJ in the open mouth position. There is a defor-
mation, osteosclerotic transformation of the right TMJ head, subluxation of both TMJs.

MCKT. MyAbTUNAQHAPHbIE PEKOHCTPYKLUK (MPR) BUCOYHO-HUXKHEYEAIOCTHBIX CYCTABOB.

MCKT. MyabTunaaHapHsble pekoHcTpyknuu (MPR) BucowyHO-HHKHe4YeAIOCTHA — mpaBbiti BHUYC B moaoxkeHUH
IIPUBBIYHOM OKKAIO3WH; B — mpaBriii BHUC B moAOKEHHUN MaKCHUMaAbHO OTKpbITOro pra; C — aeBriti BHUC B
IIOAOKEHHUHU B ITIOAOKEHHH IIPUBBIYHOH OKKAIO3MH; D — aAeBbI BHYC B IOAOXKEHHH MaKCHMAaAbBHO OTKPBITOTO

pra. OtrMmedaercda nedopMaus,
HUXKHEUYEAIOCTHOTO CycTaBa, ITOABBIBHX o6orx BHYC.

OCTEOCKAEPOTHUYIECKAA

HepeCTpoﬁKa TOAOBKH IIpaBoro BHCOYHO-

suggested time for the gradual opening of the
mouth from the position of habitual occlusion is
9 seconds and is the most optimal for the pa-
tient's convenience and the full range of motion
in the TMJ. The obtained images are processed
with the construction of three-dimensional and
multiplanar reconstructions while moving and
in a static position. The relative position of the
anatomical structures in both temporoman-
dibular joints is assessed at every second out of
9 seconds of the study, at different points and
planes, by making appropriate measurements of
the width of the joint space at each stage of
opening the mouth, and also note the presence
or absence of lateral (lateral) displacements of
the lower jaw to the right or to the left, which
cannot be detected in the above studies of the
TMJ. When visualizing the pathological dis-
placement of the head of the condylar process of
the lower jaw relative to the articular fossa and
articular tubercle, the presence of dysfunction
of the temporomandibular joint is ascertained
[22].

| www.rejr.ru | REJR. 2022; 12 (2):21-34

(each second) and with the mouth as open as
possible, the presence or absence of lateral dis-
placement of the lower jaw is noted (Fig. 7, 8§)
[22].

Magnetic Resonance Imaging.

MRI is an imaging procedure by which not
only bone, but also soft-tissue structures can be
reproduced in detail by employing static and
dynamic magnetic fields. Bloch et al. (1946) and
Purcell et al. (1946) were the first to describe
the principle of magnetic resonance [17, 23, 24].

Examination is not conveniently extended
from one organ to another or from one part of
the body to another.

The introduction of MRI in clinical den-
tistry has opened up new prospects for research
into the temporomandibular joints (TMJ). The
method allows assessing the integrity and posi-
tion of the articular disc, displacement of the
disc when the mouth is opened, the presence of
subluxation in the joint, the condition of the
articular surfaces of the bones and articular
cartilage, as well as visualizing patho-
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Fig. 7d (Puc. 7r)

Fig. 8 b (Puc. 8 6)

Fig. 8 a (Puc. 8 a)

Fig. 8 c (Puc. 8 B) Fig. 8 d (Puc. 8r)

Fig.7,8.  fMSCT.

parallel to the tomography plane.

Puc.7.8. MCKT.

TOPU30HTAAB) IapaAA€AbHA [TAOCKOCTH TOMOTPaUH.

The patient is placed in the supine position. The plane of the physiological horizontal (Frankfur horizontal) is

7a-d — during the study, the patient gradually opens his mouth from the position of habitual occlusion to the
state of the maximum open mouth. The patient is given 9 seconds to complete the movement.

8a-d — 3D model, in a static form and during movement.

BoAbHOM HaxoAWUTCS B IIOAOKEHHH Ha CIHHE. [IAOCKOCTH (PH3MOAOTHYECKOH TOPH30HTAAU (ppaHKpypTCKasd

7 a-e — BO BpEMSA HCCACONOBaHUA ITAITUEHT IIOCTEIIEHHO OTKPBIBAET POT OT IIOAOXKEHHA HpHBBI‘-IHOfI OKKAIO3HH
A0 COCTOAHHNA MaKCHUMAaABHO OTKPBITOTO pPTa. Ha BbIITOAHEHUWE OBUIKEHUS IIaITUEHTY OacTCd 9 CEKYHMA.

8 a-e — 3D-peKOHCTPYKIIUY, B CTATUYHOM PEXKUME U IIPU ABUKEHUH.

logical changes in the periarticular soft tissues.

The main advantages of MRI include
non-invasiveness, harmlessness (no radiation
exposure), three-dimensional nature of imaging,
natural contrast from moving blood, no arte-
facts from bone tissues, high differentiation of
soft tissues, the ability to perform MR spectros-
copy for in vivo study of tissue metabolism in
vivo [17, 23, 24].

The main disadvantages usually include
a rather long time required for obtaining imag-
es, which leads to the appearance of artifacts
from respiratory movements, rhythm disturb-
ances (when examining the heart), the inability
to reliably detect stones, calcifications, some
types of pathology of bone structures, the rather
high cost of equipment and its operation, spe-
cial requirements for premises, the impossibility
of examining patients with claustrophobia, arti-
ficial pacemakers, large metal implants made of

| www.rejr.ru | REJR. 2022; 12 (2):21-34

non-medical metals.

The study protocol includes an assess-
ment of the position of the disc in relation to the
head of the lower jaw, the shape and dimen-
sions of the head of the lower jaw, its position in
the mandibular fossa of the temporal bone, and
the structure of the spongy substance are as-
sessed. With functional MRI, an analysis is
made of the displacement of the heads of the
lower jaw and the articular disc when the
mouth is opened. In practice, the diagnostic
method is carried out as follows: the patient is
placed in the tomograph in the supine position,
head first, using a standard radiofrequency coil
for brain examination. The research center is
positioned at the level of the temporomandibu-
lar joints. For preliminary marking of the study
area, a standard localizer for the brain is used.
Since both TMJs function as a whole, the study
protocol includes a man-
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Fig. 9 a (Puc. 9 a)

Fig. 9 b (Puc. 9 6)

Fig. 9. MR, sagittal planes.

tion of the articular disc.

Puc. 9. MPT, caruTTaAbHble MAOCKOCTM.

A — the state of the closed mouth (habitual occlusion), B — the state of the maximum open mouth. Anterior
dislocation of the left articular disc without reposition when opening the mouth. The arrow indicates the posi-

A — cocTosiHHe 3aKPbITOrO PTa (IPHUBBIYHON OKKAIO3HHU), B — cocTOsSIHME MaKCHMaAbHO OTKPBITOro pra. OTMeda-
eTcs IepeaHss AUCAOKALNS AEBOTO CYCTAaBHOIO AHCKA (CTpeAKa) 6e3 PEerlo3uIIMH IIPU OTKPBIBAHUHU PTa.

datory study of the condition of both joints,
even if complaints and clinical manifestations of
dysfunction are noted in only one of them (Fig.
9) [17, 23, 24].

Advantages:

* non-invasive procedure and the images
can be highly sensitive and specific

* The system does not use ionizing radia-
tion and there is little risk associated with ap-
plication of magnetic field to the majority of
people

e Multiplaners anatomical display

* the absence of artifacts due to bone or
air.

Disadvatages:

* Spatial Resolution of MR is lower and
examination time longer.

* Contact involvement arising from bone
tissue are not always demonstrable.

* Patients with pacemakers must be ex-
cluded.

* Examination is not conveniently extend-
ed from one organ to another or from one part
of the body to another [23, 24].

Clinical case 1:

Patient B.: Male 24 years, having braces
from July 2021. He first started complaining of
pain in the area of TMJ in February 2022, from
April 2022 he started felling swelling on his left

| www.rejr.ru | REJR. 2022; 12 (2):21-34

TMJ and hardening while chewing. He was ad-
mitted to the maxilla-facial surgeon and CBCT
was carried out to visualize the condition of
TMJs and surrounding areas (Fig. 10-12).

After examination the TMJs’ subluxation
was revealed according to the CBCT images. The
patient will be admitted to the dentist for fur-
ther treatment and adjusting of the braces.

Clinical case 2:

Patient A, 24 y.o., female, were having
braces for 2,5 years. After taking off braces she
started complaining on the pain in the area of
TMJs, more on the right. She wasn’t performed
with any radiology examination during having
braces. She was admitted to the maxilla-facial
surgeon and CBCT was carried out to visualize
the condition of TMJs and surrounding areas
(Fig. 13).

Right TMJ. The position of habitual oc-
clusion. The articular head is 16.5x10.6 mm in
size, deformed, along the anterior surface with
an irregularly shaped defect, with clear, uneven,
sclerotic contours, with approximate dimen-
sions up to 11x4x2.5 mm. There is also a mar-
ginal sharpening up to 2 mm. The dimensions
of the joint space in its anterior section are 1.2
mm, on average — 3 mm, in the posterior — 2.8
mm. The articular tubercle is not flattened. In
the position of the most open mouth:
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Fig. 10 a (Puc. 10 a)

Fig. 10 b (Puc. 10 6)

Fig. 10 ¢ (Puc. 10 B)

Fig. 10.
B - right TMJ in the position of habitual occlusion.

CBCT. Axial view (A), sagittal reconstructions (B, C).

C — left TMJ in the position of habitual occlusion. The heads of the TMJ are of normal shape and structure,

the joint spaces are normal.

Puc. 10.

KAKT. A - AKkcuaAbHas npoekuus, B, C -

CAruTTAAbHble PEKOHCTPYKLUHUU.

B — npase1iii BHUC B oAOXKE€HHH NIPHUBBIYHON OKKAIO3HH.

C — aeBpiii BHUC B moaoKeHHH ODPHUBBIYHON OKKAMO3UU. ['onoBkr BHYC HOpMaAbHOM (DOPMBI U CTPYKTYPEI,

CyCTaBHBIE IIIEAU HE CYZKEHBI.

§
%

4.00 mm 4

Fig. 11 (Puc. 11)

3.76 mm
5.

S

Fig. 12 (Puc. 12)

Fig. 11. CBCIT. Right TMJ, sagittal reconstruction
(maximum opening of the mouth).

There is a displacement of the right TMJ articular
head anteriorly from the top of the articular tubercle
by 4 mm.

Puc. 11. KAKT npasoro BHYC, caruTTaAbHas
PEKOHCTPYKUMUA (MOAOXKEHUE MAKCUMAABHOIO
OTKPbITOro pTa).

OTMedaeTcsd CMEIEHHEe CYCTaBHOM TOAOBKH IIPaBOTO
MBIIIIEAKOBOTO OTPOCTKA HHXKHEH YEAIOCTH KIIepeau
OT BEPXYIIIKH CyCTaBHOTO Oyropka Ha 4 MM.

Fig. 12. CBCI. Left TMJ, sagittal reconstruction
(maximum opening of the mouth).

There is a displacement of the left TMJ articular
head anteriorly from the top of the articular tubercle
by 3,8 mm.

Puc. 12. KAKT AeBoro BHYC, carutTaAbHas pe-
KOHCTPYKUMS (MOAOXEHUE MAKCUMOAALHOIO OT-
KpbITOro pta).

OTMedaeTcs CMEIeHHEe CYCTaBHOM TI'OAOBKH IIPaBOTO
MBIIIIEAKOBOTO OTPOCTKa HHXKHEH YEAIOCTH KIIepemu
OT BEPXYIIIKHU CyCTaBHOTO Oyropka Ha 3,8 MM.
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Fig. 13 a (Puc. 13 a)

Fig. 13 b (Puc. 13 6)

Fig. 13 c (Puc. 13 d)

Fig. 13.
sagittal reconstruction.

MSCT, TMJ. A - coronal reconstruction. B — right TMJ, sagittal reconstruction, C - left TMJ,

CT-signs of deformity, subchondral sclerosis, marginal defects in both TMJs.

Puc. 13. MCKT, BHYC. A — KOPOHAABHAA PEKOHCTPYKUMA. B — npaBbii BHYC, carMTTaAbHas peKkoH-
cTpykuus, C — aeBbit BHYC, carMTTaAbHAs peKOHCTPYKLLUA.

KT-mipu3Haku aedpopMaiiui, CyoXoOHIPaABHOTO CKAEP03a, KpaeBbiX nedeKToB B obornx BHYC.

the articular head is displaced downward and
anteriorly, with the maximum opening of the
mouth, the middle of the head is displaced an-
teriorly by 4 mm relative to the apex of the ar-
ticular tubercle.

Left TMJ. The position of habitual occlu-
sion. The articular head is 12.6x5.6 mm in size,
not pronouncedly deformed according to the
"hook-shaped" type, along the anterior surface it
also has an irregularly shaped defect, with
clear, uneven, sclerotic contours, with approxi-
mate dimensions up to 4.5x2x1.9 mm. There is
also a marginal sharpening up to 1 mm. The
dimensions of the joint space in its anterior sec-
tion are 1.2 mm, on average — 2.7 mm, in the
posterior — 3.5 mm. The articular tubercle is not
flattened. In the position of the most open
mouth: the articular head is displaced down-
ward and anteriorly, with the maximum opening
of the mouth, the middle of the head is dis-
placed anteriorly by 2.9 mm relative to the top
of the articular tubercle.

CT showed signs of arthrosis and dysfunc-
tion (subluxation) of both temporomandibular
joints, this patient will be admitted to the maxil-
la-facial department for further treatment and
possible surgical intervention.

Conclusion:

Thus, the use of modern, highly informa-
tive, high-tech research methods, such as
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