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Introduction. Today elite-level sports re-
quire athlete protection from injuries and trauma 
[1, 5]. Prevention of sport injuries is crucial to 
maximize health-related benefits of exercise. 
Elite-level athletes need to maintain optimal ath-
letic performance during exercise which is often 
associated with increased dynamic load on  
the orofacial region and exercise-related injuries. 
Sports-related orofacial traumatic injuries are not 
life-threatening, but these conditions affect ge-
neral endurance causing long-term disruptions 
from sport.  

Chronic sports-related injuries are of parti-
cular concern because repetitive traumas can 
cause old injuries to flare up. Athletes doing stre-
nuous exercise through pain worsen their condi-
tion by aggravating symptoms which can result 
in a long disruption from sport [2, 4, 6]. 

Athletes who exercise strenuously during 
a workout or a sporting event are required to uti-
lize custom protective devices to provide protec-

tion to the body. Also, the need for specific  
trauma treatment planning strategies that support 
the individual’s recovery is anticipated.  

Protective mouth guards which are nowa-
days worn by athletes can be standard over-the-
counter (OTC) mouth guards and custom-made 
which are an exact fit to the mouth. The latter can 
only imitate tooth morphology; however, bioelec-
trical activity of the masticatory muscles and  
the position of the TMJ are not considered when 
fabricating custom mouth guards. This often 
leads to adjustable remodeling of the muscular, 
connective and bone tissue, morphological 
changes in the disc, articular surfaces, intra-
articular ligaments and the retrodiscal (bilaminar) 
zone of the TMJ [7, 8].  

Protective mouth guards fabricated using 
precise measurements of the muscular and articu-
lar structures appear to be the most effective in 
protecting from orofacial traumatic injuries. They 
have been shown to impact positively an indivi-
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Aim: to develop a protocol for customization of protective mouth guards for athletes under-
going strenuous exercise and to provide substantiation for the protocol being developed. Mate-
rials and methods. We analyzed clinical data and findings obtained from a dynamic follow-up
of 50 light heavyweight (74–87 kg) males (age range 25–44). The participants were divided into
2 groups based on the method used for fabricating protective mouth guards. In the first group,
the protective mouth guard was fabricated using a vacuum-forming technique with the mandible
being in the centric occlusion. In the second group, a custom vacuum formed protective mouth
guard was used and the bioelectrical activity of the masticatory muscles and the position of the tem-
poromandibular joint (TMJ) were evaluated. Results. We evaluated the efficacy of protective
mouth guards in athletes of the first group and found a reduction in the bioelectrical activity of
masticatory muscles with insignificant variations. In the athletes of the second group, the func-
tion of the masticatory and temporal muscles was balanced, the muscle electrical activity was
stabilized and muscular synchrony was achieved after mouth guard wear. Conclusion. A protocol
for customization of protective mouth guards for athletes undergoing strenuous exercise was de-
veloped. Our findings show that wearing custom-made mouth guards during strenuous exercise
plays a role in regulating bioelectrical activity and maintaining the synchrony of masticatory mus-
cles which is confirmed by electromyography (EMG) of masticatory and temporal muscles and
computed tomography of the TMJ.  

Keywords: protective mouth guards, EMG of the masticatory muscles, masticatory muscle
deprogramming.  
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dual’s ability to balance and contribute to in-
creased oxygenation of muscles and the brain.  
In order to achieve this, it is necessary to deter-
mine the optimal position of the mandible, i.e. 
when the condyles are positioned centrally in  
the glenoid fossa, muscle activity is balanced and 
the mandible can move smoothly and freely. 
However, exposure to chronic stress as well as 
increased activity of the masticatory muscles can 
make it difficult to achieve this. Poor masticatory 
muscle performance, in its turn, tends to result in 
the shift of the mandible in relation to three rota-
tions (+pitch, roll, and yaw). The mandibular 
functional shift is accompanied by occlusal imba-
lance and TMJ disorders. Subsequently, the anta-
gonistic teeth and TMJ components undergo  
a compensatory adaptation to the mandibular 
changes. Deprogramming devices make it pos-
sible to stabilize masticatory muscle activity, to 
examine and record using a quick-setting record-
er the spatial position of the mandible in which 
orofacial muscles are balanced [3, 9, 10].  

The purpose of the study is to develop a pro-
tocol for customization of protective mouth 
guards for athletes undergoing strenuous exercise 
and provide substantiation for the protocol being 
developed. 

Materials and methods. The work was per-
formed at the Department of Prosthetic Dentistry 
with a Clinical Dentistry Course at the Volgograd 
State Medical University. 

We analyzed clinical assessment data and 
findings obtained from dynamic follow-up of  
50 light heavyweight (74–87 kg) males (age 
range 25–44).  

The participants were divided into two 
groups. All mouth guards used by the participants 
in group 1 (n = 25) were fabricated using a va-
cuum-forming technique when the mandible was 
in the habitual occlusion. In group 2, a custom 
vacuum formed protective mouth guard was used 
and we also measured the bioelectrical activity of 
the masticatory muscles and evaluated the spatial 
position of the TMJ components. 

We used interference EMG to identify bio-
electrical activity imbalance of masticatory and 
temporal muscles. We recorded the bioelectrical 
activity of the masticatory and temporal muscles 
in athletes of the first and second groups at base-
line and after mouth guard wear. The obtained 
findings were compared with the normal ampli-
tude values of EMG masticatory and temporal 

muscle activity. Prior to the fabrication of  
the mouth guard for athletes in Group 2, an ante-
rior Lucia jig deprogrammer was made using Re-
fine Bright cold-cure acrylic resin. The study par-
ticipants had to wear the anterior deprogrammer 
for 15 minutes.  

As a result of the repeated contraction and 
relaxation, masticatory muscles relax and defense 
reflexes are no longer transferred to the brain, 
thus the mandibular condyles taking a more phy-
siological position. We define this position as  
the ‘myocentric position of the mandible’ and we 
used this position when constructing the athletic 
mouth guards.    

All the participants underwent computed to-
mography of the TMJ in the centric occlusion at 
baseline and after 1 month of mouth guard wear. 
We measured the width of the anterior, superior 
and posterior joint spaces using the method sug-
gested by N.A. Rabukhina.  

Discussion and Results. The maximum am-
plitude values of the masticatory and temporal 
muscle activity were determined in the study par-
ticipants at baseline and after 1 month of mouth 
guard wear. The EMG activity of masticatory and 
temporal muscles in the athletes of the first and 
second groups was interfered. However, the use of 
athletic mouth guards in the first group showed 
a reduction in masticatory muscle bioelectrical 
activity, with insignificant activity remaining  
after mouth guard wear. The athletes of the second 
group demonstrated a functional balance of mas-
ticatory and temporal muscles, stabilization of  
the muscle electrical activity and muscular syn-
chrony (Fig. 1).  

In order to assess the anatomic topography 
of the TMJ components, the study participants 
underwent CT scanning of the joints. CT exami-
nation of the TMJ components demonstrated that 
all study participants (Group 1 and 2) had signs 
of TMJ disorders. In Group 1, all measurements 
were performed at baseline and after mouth guard 
wear. In Group 2, all measurements were per-
formed prior to masticatory muscle deprogram-
ming and after mouth guard wear (Table 1). 

CT imaging of the TMJ showed that the val-
ues of the joint space width in athletes of Group 2 
reached the means of the normal distribution as 
compared to the athletes in Group 1 suggesting 
that masticatory muscles should contract in con-
sistent synchrony and the myocentric position of 
the mandible should be identified.  
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Fig. 1. Background muscle activity (μV) of masticatory and temporal muscles 
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Conclusion. Today, high levels of stress and 
emotional load have become an inescapable part 
of sport at the elite level. Stress is also an ines-
capable part of our daily lives. Unfortunately, 
exposure to stress often exceeds the adaptive  
capacity of an organism.  

The choice of an athletic mouth guard de-
pends on a few factors including occlusal charac-
teristics, topographic anatomy of the mouth as well 
as position of the mandibular condyles in the gle-
noid fossa. An athletic mouth guard fabricated 
when the mandible is positioned myocentrically 
contributes to a reduction in the amplitude of  
the bioelectrical activity of masticatory and tem-
poral muscles. Also, protective mouth guards 
help to synchronize and stabilize the functioning 
of the orofacial muscles which is confirmed by 
electromyography of the masticatory muscles and 
CT scan of the TMJ. Differences in the right and 
the left temporomandibular joint space are caused 
by hyperactivity of the masticatory and temporal 
muscles. When the amplitude of the masticatory 
and temporal muscle bioelectrical activity is nor-
mal, the TMJ components are optimally posi-
tioned in the glenoid fossa. This allows the man-
dible to go to the myocentric position which is 

important for fabricating a custom-made athletic 
mouth guard. 

Based on our findings we developed a proto-
col for customization of protective mouth guards 
for athletes undergoing strenuous exercise (Fig. 2).  

The use of the protocol for customization of 
athletic mouth guards makes it significantly poss-
ible to normalize and synchronize the functioning 
of masticatory muscles which is confirmed by 
EMG of the masticatory muscles and CT scan of 
the TMJ.  

 
References 

1. Ashuev Zh.A., Baziyev A.A., Lapteva A.E. 
[Medical and Social Activity in Diseases and In-
juries of the Maxillofacial Region]. Vestnik Vse-
rossiyskogo obshchestva spetsialistov po mediko-
sotsial’noy ekspertize, reabilitatsii i reabilita-
tsionnoy industrii [Bulletin of the All-Russian 
Society of Specialists in Medical and Social Exper-
tise, Rehabilitation and Rehabilitation Industry], 
2015, no. 4, pp. 12–20. (in Russ.) 

2. Boyan A.M. [The Effectiveness of Va-
rious Methods of Relaxing the Masticatory Mus-
cles in Patients with Musculo-Articular Dysfunc-
tion of the Temporomandibular Joints]. Vestnik 

Table 1
TMJ joint space measurements (M ± m) 

TMJ  
spaces 

Group1 Group 2 

At baseline (mm) 
After 1 month  

of mouth guard wear (mm)
At baseline (mm) 

After 1 month  
of mouth guard wear (mm)

D S D S D S D S 
Anterior 3.1 ± 0.02 3.2 ± 0.12 2.9 ± 0.02 2.8 ± 0.12 3.2 ± 0.02 3.1 ± 0.12 2.3 ± 0.12 2.2 ± 0.02 
Superior 2.5 ± 0.12 2.6 ± 0.02 3.1 ± 0.12 3.0 ± 0.02 23 ± 0.02 2.4 ± 0.21 3.4 ± 0.21 3.3 ± 0.15 
Posterior 2.3 ± 0.21 2.4 ± 0.02 3.0 ± 0.02 3.1 ± 0.02 2.3 ± 0.02 2.2 ± 0.15 3.5 ± 0.3 3.4 ± 0.4 

 

 
Fig. 2. A protocol for customization of protective athletic mouth guards 
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Цель исследования: разработать протокол персонализации протективных капп для
спортсменов, находящихся в условиях интенсивных тренировок, и обосновать его приме-
нение. Материалы и методы. Проведен анализ данных, полученных при обследовании и
последующем динамическом наблюдении 50 мужчин в возрасте от 25 до 44 лет в полутя-
желой весовой категории (от 74 до 87 кг). Все обследуемые были разделены на 2 группы в
зависимости от метода изготовления спортивной каппы. Спортсменам, вошедшим в состав
1-й группы, изготавливалась индивидуальная спортивная каппа вакуум-формовочным ме-
тодом при положении нижней челюсти в «привычной окклюзии». Во 2-й группе спорт-
сменам была изготовлена индивидуальная спортивная каппа вакуум-формовочным мето-
дом, учитывая не только морфологию зубного ряда, но и статус биоэлектрической актив-
ности жевательной мускулатуры и пространственное расположение элементов височно-
нижнечелюстного сустава. Результаты. После изготовления спортивных капп в первой
группе определялось благоприятное влияние аппарата, снижение показателей амплитуды
биопотенциалов жевательных мышц, но незначительная активность мышц сохранялась.
У спортсменов второй группы была отмечена нормализация функционального баланса
жевательных и височных мышц, стабилизация показателей амплитуды их биопотенциалов,
асинхронность мышц была практически устранена. Заключение. Разработан протокол
персонализации спортивных капп для спортсменов, находящихся в условиях интенсивных
тренировок. Результаты исследования показали, что использование персонализированной
каппы способствует в максимальной степени нормализации показателей активности жева-
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тельной мускулатуры, синхронности ее работы, что было подтверждено электромиографией 
жевательных и височных мышц, а также компьютерно-томографическим исследованием 
височно-нижнечелюстного сустава. 

Ключевые слова: спортивные каппы, электромиография жевательных мышц, депро-
граммирование жевательных мышц. 
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