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Abstract

Oral and maxillofacial injuries are common in sporting activities, especially in contact combat sports. It has been
stated by a number of researchers that obligatory dental and orofacial protection for all athletes have major effects
in preventing injuries and associated life-long discomfort, as well as reducing the treatment costs. Boxing exposes
athletes to severe head impacts and risk of brain injury, as well as disorders resulting from chronic recurrent traumas.
The purpose of this report is to state the causes of temporomandibular joint disorders in boxing athletes and emphasize
the importance of preventive measures and routine screening by a TMJ specialist maxillofacial surgeon.
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Introduction

As a contact combat sport, boxing is an universally exercised
discipline since earliest periods of history. Boxing exposes athletes to
repetitive, occasionally severe head impacts. As a result, boxing athletes
are among high-risk group for encountering maxillofacial and brain
injuries [1].

Maxillofacial injuries and temporomandibular disorders are very
common and comprises the results of various types of sporting activities
such as soccer, skiing, basketball, cycling, hockey, snowboarding, boxing
and other contact combat sports [2-4]. Contact sports are reported to
be cause of about 19% of maxillofacial and 33% of dental injuries [5,6].
Retrospective analyses by Tanaka et al., and Mourouzis and Koumoura
reported the incidence of boxing-related maxillofacial fractures as 2%
and 1.6%, respectively [3,4].

Boxing-related injuries are considered more serious among other
sports due to repetitive and direct traumas to head and face region,
which are prohibited in other disciplines [7]. Kumamoto and Maeda
reported that 33-72% of boxing athletes have encountered dental injuries
in their career [8]. According to study examining the epidemiology of
boxing injuries in the U.S. within a 19-year study period by Potter et
al.,, the most common diagnosis was fracture (27.5%). Most frequently
injuried body region was the hand (33.0%), followed by head and neck
(22.5%). Lacerations in this region involved face, mouth and eyes
(87%) [6]. As reported by Jerolimov, all orofacial injuries comprised
soft tissue injuries (50%), dental injuries (40%), jaw fractures and
temporomandibular joint injuries (10%). Among these, injuries of TM]
and related structures consist of about 2-6% of cases, but there is lack of
reliable data on this subject [9-12].

Anatomy and Biomechanics of the Temporomandibular
Joint

The Temporomandibular Joint (TM]) is a true synovial joint and
composed of the temporal bone and the mandible, and a specialized
dense fibrous structure, the distinct fibrocartilaginous articular disk,
articular ligaments, and surrounding muscles. Anatomically the TMJ
is a diarthrodial joint, which is formed by mandibular condyle and the
glenoid fossa of the temporal bone. Movement of TMJ is adjusted by
muscles of mastication, and limited by ligaments. Certain movements
of mandible and opening against resistance requires the activation of
suprahyoid and infrahyoid muscle groups, digastic and mylohyoid
muscles [13,14].

Functionally the TM] is a compound ginglymoarthrodial joint. The
lower compartment provides hinge motion and is termed as ginglymoid.
The superior compartment conducts translatory movements and hence
termed as arthroidal. Pure hinge motion of 2.5 cm measured at the
interincisal opening is possible, further movements of the mandible
involves translatory and involves a gliding motion between disk and
the temporal fossa. Complex free movements of the mandible are made
possible by the relation of four articulating compartments bilaterally
[15].

Temporomandibular Joint Trauma in Boxing Discipline

Most of orofacial and temporomandibular injuries in boxing, are
predictable and preventable. There are three main types of appliances
exist as extraoral, intraoral (mouthguards) and combined ones. Intraoral
appliances (mouthguards) can be stock, mouth-formed orcustom-made
[16]. A continuing education should be followed on the importance of
prevention methods for boxing injuries for sports physicians, coaches
and athletes, thus making the role of the maxillofacial surgeon in this
sport persistent [17].

Typesofboxinginjuries depends on impactareas on the maxillofacial
region and mechanism of transmitted force. Magnitude and vector of
the force, as well as absorbing mechanisms and transmitting patterns
should be taken into account.

Traumatic effect of the force can be absorbed by surrounding
musculatory, articular and extraarticular ligaments, articular disc and
the teeth [9].

There are two essential mechanisms of boxing injuries and related
TMJ disorders as microtraumas and macrotraumas in direct and
indirect routes (Figure 1). Repeated trauma to the mandible can lead
to inflammatory responses in the masticatory muscles, laxity of the
ligaments,and TMJinternal derangements[14]. Microtraumasgenerated
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Figure 1: a) Direct or indirect blow trauma to the mandible which is conducted
to the TMJ.

b) Mouthguard which fixates maxilla and mandible, so the condyle at a certain
position, which decreased the transmitted forces to the condyle and articular
structures.

c) Degenerated disk and articular surface of the temporomandibular joint with
chronic macro and micro trauma.

by internal factors, such as chronic overloads and parafunctional
habits such as bruxism and clenching. Constant clenching and lateral
pterygoid muscle spasm during practice leads to disc deplacements in
long term. Chronic microtraumas to the temporomandibular joint can
result in synovitis, capsulitis, tendinitis, reducing and non- reducing
disc deplacements, osteoarthritis, subluxation and condylar dislocation
as well as periodontal disorders and luxation of the teeth [18-23].

Consistent microtrauma causes releasing of certain inflammatory
mediators, such as NO, arachidonic acid and prostaglandin E2. These
cytokines starts a cascade that leads decomposing of cross collagen
content of the articular surfaces, which leads to degeneration of articular
disc, retrodiscal tissues and eventually reducing and non-reducing disc
deplacement [24]. Clinical symptoms of internal derangements include
limited mandubular range of motion, deviation of the mandible to the
affected side, joint sounds and pain, generally associated with painful
sensation of muscular tissues [15].

Repetitive loading of articulation system may result in
osteoarthrosis. Bruxism and clenching habits may mimic excessive load
forces. Internal derangement of the temporomandibular joint leads
to alteration of forces transmitted to condyle-glenoid fossa complex,
thus weakening of the functional areas of join elements. These changes
often results cartilage tissue proteoglicans to undergo destruction
with decreasing lubricative and protective properties of the cartilage.
Eventually, osteoarthrosis may lead to perforation of articular disc
and/or remodeling of bony structures of the joint such as flattening
of the condyle. Macrotraumas are external factors such as acute, high
magnitude blows. These traumas likely will result in maxillo-mandibular
and condylar fractures, condylar dislocations, dental traumas, fibrous

or bony ankylosis, cranial base fractures and concussions. Bechor and
Zadik reported a case of maxillary incisor being laterally luxated due to
long term boxing practice without protection [18].

Traumatic arthritis represents the acute intraarticular response to
temporomandibular joint trauma. The resulting inflammation effusion
and occasional hemarthrosis causes limited range of mandibular
movement, pain on the affected side. Direct blows to the mandible
may result in anterior dislocation, capitular fractures, contusions of
the condylar head and condylar neck fractures. Direct trauma to the
sympyhseal area is likely to cause bilateral condylar fractures upon
transmission of force, whereas blows to the parasympyseal area will
likely cause fracture of contralateral condyle due to indirect conducting
of trauma and rotational forces [25].

Besides taking medical history and clinical examination of the
patient, diagnostic measures include plain panoramic radiographs,
CT scans and MRIs [26]. It should be emphasized that, microtraumas
are easily overlooked in diagnostic procedure, since their chronic and
occasionally non subjectively-symphtomatic nature. Microtroumas
has a cumulative effect on TM]J and it is the serious causative factor of
TM]JD. Besides athletes may not refer to microtraumas in their medical
history, which can result in wrong diagnosis.

Depending on the type of disorder and/or injury, treatment
modalities include, anti-inflammatory medications, analgesic
drugs, myorelaxants, anestethics, soft diet regimen, passive opening
excersises, heat applications, cold applications, arthrocentesis and
surgical procedures under general anesthesia. Masticatory muscle
disorder and disc derangement may lead to each other and frequently
appear simultaneously, therefore it is essential to determine the primary
disorder so that effective treatment may be executed. As a general rule,
non-invasive and reversible forms of treatment should be initially
performed for management and unnecessary surgical approaches
should be avoided. According to the results, the need for more
aggressive or irreversible forms of treatment may be determined. Since
misdiagnosis is the most common reason for failure of the treatment,
meticulous examination of underlying mechanism is mandatory for
executing especially surgical treatment modalities [15].

Since such injuries, symptoms and their treatment process result in
interruption of athlete’s professional activities, risk of acute or chronic
injuries should be limited or completely eliminated [21-23,27].

Prevention of Maxillofacial and Temporomandibular
Injuries

Most of athletic injuries are predictable, therefore preventable.
Protection and education of athletes are essential for reducing boxing
related injuries and disorders. World Dental Federation (FDI) classified
sporting activities into two risk groups in 1990, according to the risk
level of orofacial injuries in which the protection is recommended
[28]. Prevention of maxillofacial injuries in sports can be achieved by
appliances such as helmets, face shields and mouthguards.

Many reports have demonstrated that using mouthguards can
reduce the incidence of maxillofacial injuries significantly [29,30]. By
absorbing, limiting, and distributing the power of impact that tends
to be transferred along osseous structures of the skull to the central
nervous system, mouthguards reduce the risk of cerebral concussion
and subarachnoid hemorrhage [16]. Use of mouthguards are vital
in preventing TM]J injury in any high risk sports and even became
obligatory in certain disciplines such as skiing, hockey and boxing [31].

Mouthguards can be classified as three groups:
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e Extraoral mouthguards are attached to head or helmet and in
the form of a wire cage.
e Intraoral mouthguards rest within dental arches, usually fits to \ TR
i . f )’/\-» g
maxillary teeth and shaped accordingly. = /'
e Combined mouthguards have an extraoral part for soft tissues

and intraoral part for protection of the teeth.

Intraoral mouthguards are superior appliances in various aspects,
and have significant roles in mitigating trauma to the maxillofacial
region [19,31].

e Reducing the risk of fractures and luxations in anterior dentition
by direct blows and posterior dentition from sudden impacts

¢ Distributing the force and creating a recoil space allows the
interface between condyle and glenoid fossa, hence preventing
condylar dislocations towards the cranial base [32]

e Protection of soft tissues from being lacerated by edges of the
teeth

e Reducing the possibility of maxillary and mandibular fractures
by absorbing the impact force

e Increasing the athlete’s ability to focus on performance by
increased comfort

e By activation and contraction of head and neck muscles,
providing increased resistance to rotational forces upon
impact, and reducing injuries to cervical spine and possibility
of concussions [33-36].

There have been three types of intraoral mouthguards have been
used:

e Stock mouthguards are available commercially in varying
sizes, composed of rubber or polyvinyl chloride. These type
of mouthguards are not recommended by TMJ professionals
although being most widely used.

e Mouth-formed mouthguards are preferred for their price and
quick fabrication, but their retention decreases over time. These
type of appliances can be manufactured by heating and shaping
according to arch shape, or they can be prepared on cast models.

As presented by Shimoyama et al., boil and bite type of mouthguards
considered to be limitedly effective against injuries due to unfitness.
Lack of occlusion in mouthguards especially in intercanine area would
instead increase the probability of injury, and cause mandibular and
condylar fractures [37-39].

Custom-made mouthguards are fitted to dental arch, show higher
retention and offer more effective absorption and distribution of forces.
These appliances can also ensure the proper positioning of condyle
in the fossa. Custom made mouthguards can be manufactured as
monomaxillary and bimaxillary. Monomaxillary appliances mostly fit
onto maxilla, except in cases of mandibular prognathism.

Bimaxillary appliances should have air openings for maintaining
adequate breathing and stabilizes the mandible in order to reduce the
risk of fractures as well as injuries to TMJ [2,19].

Thickness of the material usually adjusted to 3-4 mm in general,
which provides a adequate absorption of forces. Although being more
difficult to use, vertical thicknesses up to 6 mm are used for high risk
occasions.

Inappropriately manufactured mouthguards lead clenching habits

a b c

Figure 2: a) Stock-type mouthguard
b) Mouth-formed mouthguard
c) Custom-made mouthguard

by its own, and have insufficient protective properties by means of
force tranmission to cranium and mandibular condyle. Therefore,
these appliances should be produced under the supervision of TM]
specialists [34]. It has been reported that custom made mouthguards
with adequate occlusal and labial thickness provides significant
protection against maxillomandibular injuries by their resilient nature
[16]. However, there is insufficient evidence confirming that usage of
appliances prevent brain concussions [8,33,40].

Several authors have tested the mechanical properties of
mouthguards based on standards established by American Society
of the Testing Materials (ASTM) [41,42]. Also, response of human
mandible to the impact loading of the chin and relationship between
joint dynamics and mouthguards have been studied on cadaver,
fabricated hybrid dummy models and finite element models. Though
there is no established standard test method exist for biomechanical
evaluation of mouthguards [29,32,43,44] (Figure 2).

Conclusion

To prevent TM] complications of boxing sport and early diagnosis
of clinical signs of TM] micro-macro trauma, boxers should be routinely
examined by TM] specialist maxillofacial surgeons and neurocognitive
tests must be performed on a regular basis. Athletes should not wear
mouthguards which is not approved and adjusted by TMJ specialist.
Custom made mouthguards should be preferred for a better protection
of temporomandibular joint structures and dental arch. In some
cases, TMJ MRIs, clinical signs and TM]J sounds should be evaluated
to identify the severity of the problem. After these, pharmacological,
physical or surgical therapy should be executed. The profession should
make efforts to promote the use of mouthguards by informing athletes
of the possibilities of active prevention against injuries to dental/oral
regions in order to reduce their incidence.
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