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The purpose of the present entry was to determine the acute effects of wearing bite-aligning mouthguards on muscle

strength, power, agility and quickness in athletes. A search of the current literature was performed using the electronic

databases (until 1 May 2021) Web of Science, Scopus and Medline. The inclusion criteria were: (1) descriptive design

studies; (2) with randomized clinical trials; (3) examining the within-subject acute effects of wearing mouthguards on

functional and neuromuscular performance parameters; (4) in physical active, recreational or highstandard athletes.

Twenty-seven studies met the inclusion criteria. Sixteen reported positive effects in some of the variables assessed, two

reported negative effects and the rest found no significant differences. Overall, the main findings described in the literature

are inconclusive concerning the neuromuscular advantages of using mouthguards in muscle strength, power, agility and

quickness. These discrepancies might be related to several factors such as differences in testing protocols, poor control of

the jaw magnitude and improper mouthguard designs. Despite these differences, after conducting the present systematic

review, the authors speculate that jaw clenching while wearing custom-made, bite-aligning oral devices might promote

beneficial effects in lower limb power actions, especially in jump ability and knee extension movements. Thus, athletes

might consider the use of mouthguards, not only for their protective role but also for the potential ergogenic effects in

specific actions, mainly those for which lower limb muscular power are required.
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1. Introduction

Originally, sports mouthguards were designed to minimize the incidence of orofacial injuries through the absorption of the

energy during head and mouth trauma . Besides this preventive role, several studies have investigated the effects of

wearing these oral devices on metabolic , ventilatory , functional  or neuromuscular performance

parameters, and this, concretely, has focused on strength , power 

, quickness  or agility . The potential neuromuscular effects

might be attributed to the postural repositioning of the temporomandibular structure and the subsequent muscular

rebalancing . This readjustment might promote a more balanced and powered occlusion, thus increasing the effects of

the concurrent activation potentiation (CAP) elicited by the remote voluntary contraction (RVC) of the mandible muscles

. The neuromuscular benefits associated with a RVC might be explained by several mechanisms. One mechanism is

based on the integrative function of the cerebral motor cortex and the intercortical connections between the different

motor areas of the brain. Thus, when one part of the motor cortex is activated because of jaw clenching, the neural

centers of the other parts of the brain are also activated. These centers send impulses to the prime movers which initiates

the targeted actions . Another mechanism underlines the increased excitability of spinal motor neurons while an

individual clenches the jaw, amplifying the alpha motor neuron activity, gamma loops and muscle spindles, together with

descending the cortical input and the stimulus invoked by the afferent input . Furthermore, it is established that jaw

clenching increases the excitability of the Hoffman reflex (H-reflex). Indeed, greater force levels in jaw clenching produce

greater H-reflex facilitation in some muscle groups, which is evoked with both the descending influence from the cerebral

cortex and the afferent input from the oral-facial region . Although several studies  associated the ergogenic

effects of CAP with jaw clenching independent of mouthguard use, others  demonstrated beneficial effects

when wearing the oral device.

Overall, mouthguards can be classified into three types: standard (or stock), self-adapted (or boil and bite) and

customized. The standard type is widely used because of its low cost even though is considered the most uncomfortable

and worst adapted to the mouth structure. It is acquired ready to be used, and no fitting process is required. The self-

adapted type is a thermoplastic liner that can be fitted to the maxillary teeth after being heated in boiling water to become

more malleable. The customized type is the most expensive and requires the expertise of a professional dentist. It is

created after an impression or scanning process of the dental structure of the teeth . The use of a certain type or model
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may directly affect the repositioning of the temporomandibular structure  and the comfortability and ability to speak or

breathe during exercise .

2. Current Insights on Effects of Wearing Bite-Aligning Mouthguards

The main objective of the present systematic review was to analyze the effects of wearing mouthguards on muscular

power, strength, agility and quickness. Overall, the main findings described in the literature are inconclusive concerning

the neuromuscular advantages of using mouthguards. These discrepancies might be associated with several factors,

such as the differences in testing protocols, laboratory equipment, sample characteristics and mouthguard materials or

the type used in each study. For instance, several studies used CMMs but others used SAMs or STNDMs. Despite using

the same type, the lack of common standards in the manufacturing process produces different mouthguards in terms of

design and materials. Therefore, the type of mouthguard used in each study might be a possible explanation for the

mentioned discrepancies, as suggested by Bourdin et al. . Furthermore, in some studies , the mouth

scanning procedure and the mouthguard manufacturing were conducted by the researchers, while in the rest of the

studies they were performed under the expertise of an expert dentist. Another important factor to take into consideration is

the subject’s familiarity with oral appliances. Some authors  detailed the previous regular use of mouthguards by

the subjects in their studies, whereas others  indicated that athletes had null or poor experience with

the oral devices. However, several studies  did not specify the previous

subjects’ experience with mouthguards, even though the practice and level of sport could entail its regular use . It

is possible that mouthguards, being unfamiliar and uncomfortable to most of the nonfamiliarized participants, generated

awkward and distracting feelings, affecting the performance and thus leading to the observed differences among the

studies. It is suggested that the lack of comfort might make powerful jaw clenching difficult and thus affect the CAP

promotion. For this reason, future research should consider long familiarization periods with mouthguards to avoid

discomfort and, additionally, to examine the possible long-term adaptations induced by these devices.

The potential effects of mouthguards might be related to the jaw repositioning of the temporomandibular joint and the

vertical dimension of occlusion (VDO) . The VDO has been defined as the interocclusal distance between dental

arches in the maximum intercuspation . It is suggested that an increase in posterior thickness will open the lower

airway path and optimize afferent and efferent signaling from the sensorimotor system . The effect of VDO magnitude is

unclear and different between individuals . Nonetheless, it is speculated that the distance to achieve the maximum

occlusal bite force is about 8 mm between the first molars . Despite the possible enhancing role of an adequate jaw

repositioned mouth with the correct vertical dimension on the strength and power output of the prime movers, several

studies  did not reveal specific manufacturing details such as the

splint thickness or the occlusal space elicited by the oral appliances. Indeed, the relevant contribution of the mouthguard’s

thickness on the VDO should encourage future researchers to describe these issues. Additionally, the analyzed studies

included upper, lower or both dental devices with full or partial coverage, which may also determine the jaw alignment and

the distribution of the clenching forces. It has been shown that full coverage, with anterior dental contacts, produces a

higher TMJ force because of a longer lever arm . Thus, the different mouthguard designs may influence the mechanical

orientation of the jaw, thereby improving physical performance .

Several authors have demonstrated the relationship between the use of mouthguards with an increased force and muscle

activation of the mandible muscles, thus increasing the neuromuscular effects . For this reason, future investigations

should provide sufficient information about the amount of jaw clenching, both with and without the mouthguard. Indeed,

despite not quantifying the forces generated, some authors  encouraged athletes with a specific

instruction (i.e., clench as powerfully as possible). However, other authors  did not encourage athletes with any

specific instruction about the magnitude of jaw clenching, whereas others  did

not mention which instruction was given. Thus, it is difficult to draw a solid conclusion associated with the clenching

magnitude while wearing mouthguards. Additionally, while several studies  used placebos or different type of

mouthguards , others only compared the use and nonuse of mouthguards. In the latest,, the

athletes knew under which condition the test was being performed, and this could affect the subject’s predisposition

toward the respective action. Future research could consider a double-blind study design comparing different types of

mouthguards with a no-mouthguard condition.

2.1. Muscle Power

One of the main findings of the present review was the beneficial effect of jaw clenching while wearing a mouthguard on

jump ability. Indeed, 60% of the studies assessing vertical jump reported a meaningfully higher performance when

athletes used the intraoral device. Interestingly, all of these studies included the CMM in their testing protocols. Thus, it
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could be speculated that the lower limb muscle power, measured through vertical jump, might be positively influenced by

the use of a CMM. The authors attributed these findings to the potential effect of CAP, which is elicited through the remote

voluntary contraction of the mandible muscles . It is believed that the RVC generates a multiphase response

characterized by an initial intercortical connection, followed by a supraspinal facilitation, an enhanced H-reflex and a

concomitant decrease in the reflex intensity . Thus, during power actions, which involve fast stretch-shortening

cycles (SSC) and rapid force generation changes, sensory neurons from the muscle spindle send signals through motor

neurons to the spine, which communicates with the brainstem. When this information overflows, the stretch reflex is

activated, as shown, for instance, during the CMVJ. Muscle spindles are activated during the countermovement because

the large muscle groups in the lower limbs are quickly lengthened during the eccentric phase. The muscle spindles

communicate to the central nervous system (CNS), which transfers the stimulus to the lower body muscles and promotes

a forceful and explosive vertical jump . Nevertheless, Duarte-Pereira et al.  reported a performance decrease

associated with the use of mouthguards. Although they found beneficial effects on a CMVJ test, the authors reported a

significant decrease on 15s-RJ height when recreational rugby players wore a CMM compared to a NoMG condition. This

performance decrease might be related to the uncomfortable and restrictive expiratory effects of the mouthguards used,

which could negatively impact the airflow path during the 15-RJ test and, thereby, the performance.

Although some authors  attributed the ergogenic effects of CAP to jaw clenching beyond the use of oral appliances,

others  showed enhanced performance when wearing the oral device. In fact, Gage et al.  demonstrated that is

not possible to produce a maximal jaw contraction with a bare mouth, since depressor muscles are active during

clenching to protect the teeth. Moreover, when athletes clench with uncovered teeth, possible imbalances in the

temporomandibular musculature could be magnified . Thus, clenching bite-aligning intraoral devices seems to

produce changes in condylar position and better redistribution of the clenching forces, thus leading to a more highly

powered occlusion and further increasing the neuromuscular effects of the jaw clenching . Moreover, this balanced

occlusal force distribution, derived by the use of mouthguards, could involve changes in the peripheral proprioceptive

input of the orofacial region that may affect the CNS through the trigeminal nerve, after which the CNS transfers the

modified output signal via spinal nerves and autonomic nerves to the musculoskeletal system .

Other studies assessing lower body dynamic strength focused on cycle-ergometer and knee extension tests. From the

five studies including cycle-ergometer tests, two  found positive effects and three  reported no significant

differences when comparing the use and nonuse of mouthguards. It is possible that the mouthguard design used in the

latest studies did not produce an optimal VDO to elicit the CAP effects. Fischer et al.  did not detail the occlusal space

promoted by the mouthguards, but Bourdin et al.  and Jung et al.  reported a 2 mm increase in VDO when the

athletes wore the oral device. This value differs from the 8 mm presented by Arima et al. . In this vein, Bourdin et al. 

did not find differences between conditions (SAM, CMM and NoMG) on airflow dynamics nor on oxygen uptake (VO ),

which reinforces the hypothesis that mouthguards did not promote an adequate VDO. From the four studies including

knee extension actions, three  reported beneficial effects, and one  reported no significant differences. The

three studies which found positive effects involved recreational athletes, whereas the study that found no differences

involved high-standard athletes. In the last study, professional basketball players performed a leg press test with different

loads. The results revealed no significant differences when comparing the use and nonuse of a CMM in any of the leg

press loads. The authors attributed these findings to different factors, such as the power test duration (which makes

continuous jaw clenching impossible), the different ages of the athletes or the years of experience in weightlifting training.

Although the three studies reporting beneficial effects were performed with recreational athletes and the one reporting

negative effects was performed with high-standard athletes, it is not possible to conclude that the training standard

constitutes a crucial factor for the knee extension actions when athletes used CMMs.

In terms of the upper body dynamic strength, it is difficult to find a relationship between the use of mouthguards and

neuromuscular performance. All the studies investigated the effects of wearing mouthguards on the bench press and

bench throw actions. Two out of six studies  reported beneficial effects. However, these two studies showed different

results. Concretely, Dunn-Lewis et al.  found significantly higher performance in bench throw power and force when

wearing a CMM compared to a SAM or NoMG in recreational athletes. Nonetheless, with the SAM, the athletes

experienced a significant decrease in power output compared to the NoMG condition. Additionally, Buscà et al. 

reported higher mean power with the CMM compared to NoMG on a 50 kg bench press test in elite basketball athletes.

However, they did not find differences in 30, 40 or 60 kg loads. It is speculated that potential discomfort, reported by some

athletes, and the variable response of elite athletes to high neurological activations  support this lack of consistency

among the final results.

2.2. Isometric Strength
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From the eight studies examining the isometric muscle strength, four  reported positive effects when the

athletes used an oral appliance, whereas the other four  did not find significant differences. On the one hand,

focusing on the lower body strength, only one study  found positive effects, and four  did not reveal

significant differences. Concretely, Cetin et al.  found no differences when comparing the use and nonuse of

mouthguards on isometric leg and back strength in elite taekwondo athletes. The authors attributed these results to the

fact that subjects had never worn a CMM before the study, and no chronic adaptations could be generated. On the other

hand, six studies  examined upper body muscle strength. From these studies, four  found

beneficial effects due to mouthguard use in recreational or physically active athletes. Concretely, Limonta et al. 

investigated the effects of two different SAM occlusal splints (1 and 3 mm) with respect to the NoMG condition on the

isometric contractions of elbow flexors. Their findings indicated that the use of mouthguards enhanced the maximum

isometric strength, lowering force decay and promoting a better neuromuscular efficiency. Additionally, when comparing

the 3 mm thick SAM (full coverage) with the 1 mm thick SAM (only posterior coverage), the authors found a lower force

decrease in a prolonged maximum contraction for the 3 mm thick SAM condition. The authors maintained that higher

mandibular stability may promote a better length and realignment of the occlusion muscles, leading to a higher MVC with

a similar EMG activity. Moreover, the authors stated that jaw repositioning can be associated with better postural control,

functional proprioception and spinal alignment, promoting higher neuromuscular coordination. Battaglia et al. 

examined differences between the use and nonuse of mouthguards during an isometric handgrip test in different martial

arts athletes. The authors observed a significant increase in peak force while wearing an occlusal splint with the dominant

hand, whereas only significant differences were found with the nondominant hand in regular mouthguard users. The

authors attributed these findings to better long-term adaptations and to the fact that mouthguards may reinforce more

effective regulation on the efferent motor pathways via potentiation of an afferent stimuli from the periodontal

mechanoreceptors and muscle spindle fibers activated during teeth clenching with balanced occlusion. In contrast to

these findings, two studies conducted with professional athletes  revealed no significant differences in upper body

isometric strength. It is speculated that that the VDO increase promoted by the mouthguard design was less effective in

eliciting the CAP effects.

Overall, according to the collected data, it could be hypothesized that the use of mouthguards might improve the upper

body isometric strength in recreational athletes or physically active subjects, whereas the studies with high-standard

athletes did not reveal significant differences. Nevertheless, no adverse effects were described in any of the reviewed

studies.

2.3. Isokinetic Muscle Strength

Five studies investigated isokinetic muscle strength, two  focusing on the upper body and three  on the

lower body. One the one hand, the two upper body studies, which were performed with college athletes, found no

significant differences. On the other hand, two out of three studies assessing the lower body isometric strength found

beneficial effects when wearing a CMM on knee extension actions, whereas one reported no significant differences. The

latter  did not find significant differences between jaw clenching without a mouthguard and with a full-coverage CMM (2

mm VDO increase) in any of the variables assessed. Indeed, four studies included CMM in their protocol (one also

included PLAM), three of which reported no significant differences and one which reported beneficial effects. One study

included SAM and also reported beneficial effects. Moreover, four out of five studies involved experienced athletes, with

two reporting beneficial effects and two reporting no differences. For this reason, it is difficult to attribute the training

standard or the mouthguard type as a relevant factor in determining enhanced isokinetic muscle strength performance.

However, an adequate VDO might be considered an important factor in isokinetic strength to be taken into consideration

when using mouthguards. Nonetheless, more well-designed studies with accurate information about the mouthguards

used and the VDO promoted by these devices are required to search for more solid conclusions in both recreational and

high-standard athletes.

2.4. Agility/Quickness

Any analyzed study in this systematic review reported beneficial effects on agility because of the use of mouthguards. For

instance, Buscà et al.  found no significant differences between the use and nonuse of a CMM in the agility t-test in

professional basketball players. These findings are in line with Queiroz et al. , who tested a shuttle-run with ball test in

female soccer players, and Golem and Arent , who also found no significant differences between conditions in a HEX

agility test in collegiate male athletes. The authors attributed these results to the complexity of the neuromuscular

processes and the coordinative demands during agility tests. Moreover, the duration and the nature of these kinds of tests

makes the continuous RVC of the mandible muscles and the consequent potential effects of the CAP impossible.
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In terms of quickness, two out of three studies found no significant differences in a 10 and 20 m sprint test, while one

reported positive effects in a 40 m test. In this vein, Martins et al.  sustained a potential correlation between vertical and

horizontal power production and maximal speed. In fact, the authors also found a nonsignificant 3% increase in vertical

power and a significant 2% in horizontal power, thus explaining the decrease in 40 m sprint. This is in line with the

nonsignificant differences reported by Cetin et al.  on a 20 m sprint test, which also showed no benefits in horizontal

and vertical lower limb power.

All tests included the CMM in their testing protocol, so it is difficult to draw a solid conclusion related to mouthguard use in

agility or sprint actions. Moreover, three tests were performed with high-standard athletes and three with recreational

athletes. Thus, it is also difficult to link the training standard to any potential ergogenic effect on agility or sprint ability.

3. Conclusions

After conducting a detailed systematic review, the authors conclude that the acute effects of jaw clenching while wearing

mouthguards on muscle strength, power, agility and quickness are inconclusive. It is shown that the use of mouthguards

might promote beneficial effects in lower limb muscular power, especially in jump ability and knee extension actions.

These findings are not extensive to agility, quickness or isometric or isokinetic muscular actions, the studies of which did

not report consistent results about the potential benefits of wearing mouthguards on athletic performance. This lack of

conclusiveness might be related to several factors, such as differences among the testing protocols, poor control or

quantification of the jaw magnitude and different mouthguard designs.

The present systematic review might also conclude that custom-made mouthguards showed better results than self-

adapted or standard types and, overall, do not negatively affect athletic performance. Thus, in addition to their protective

role, clinicians and practitioners can consider the use of dentistry-designed mouthguards in sports, mainly in those for

which lower limb muscular power is required.

References

1. Bemelmanns, P.; Pfeiffer, P. Shock absorption capacities of mouthguards in different types and thicknesses. Int. J. Spor
ts Med. 2001, 22, 149–153.

2. Dudgeon, W.D.; Buchanan, L.A.; Strickland, A.E.; Scheett, T.P.; Garner, D.P. Mouthpiece use during heavy resistance e
xercise affects serum cortisol and lactate. Cogent Med. 2017, 4, 1–11.

3. Garner, D.P.; McDivitt, E.J. Effects of Mouthpiece Use on Lactate and Cortisol Levels During and After 30 Minutes of Tr
eadmill Running. Open Access J. Sci. Technol. 2015, 3.

4. Solana-Tramunt, M.; Morales, J.; Aguilera-castells, J.; De Psicologia, F.; Blanquerna, F.; Ramon, U. Effects of Wearing
a Jaw-repositioning Intra-oral Device in Synchronized Swimming Athletes Authors. Int. J. Sports Med. 2020, 41, 839–84
5.

5. Tahara, Y.; Sakurai, K.; Ando, T. Influence of chewing and clenching on salivary cortisol levels as an indicator of stress.
J. Prosthodont. 2007, 16, 129–135.

6. Amis, T.; Di Somma, E.; Bacha, F.; Wheatley, J. Influence of intra-oral maxillary sports mouthguards on the airflow dyna
mics of oral breathing. Med. Sci. Sports Exerc. 2000, 32, 284–290.

7. Morales, J.; Buscà, B.; Solana-Tramunt, M.; Miró, A. Acute effects of jaw clenching using a customized mouthguard on
anaerobic ability and ventilatory flows. Hum. Mov. Sci. 2015, 44, 270–276.

8. Collares, K.; Correa, M.B.; da Silva, I.C.M.; Hallal, P.C.; Demarco, F.F. Effect of wearing mouthguards on the physical p
erformance of soccer and futsal players: A randomized cross-over study. Dent. Traumatol. 2014, 30, 55–59.

9. Rapisura, K.P.; Coburn, J.W.; Brown, L.E.; Kersey, R.D. Physiological Variables and Mouthguard Use in Women During
Exercise. J. Strength Cond. Res. 2010, 24, 1263–1268.

10. Maurer, C.; Stief, F.; Jonas, A.; Kovac, A.; Groneberg, D.A.; Meurer, A.; Ohlendorf, D. Influence of the lower jaw position
on the running pattern. PLoS ONE 2015, 10, 1–16.

11. Nam, H.J.; Lee, J.H.; Hong, D.S.; Jung, H.C. The effect of wearing a customized mouthguard on body alignment and b
alance performance in professional basketball players. Int. J. Environ. Res. Public Health 2020, 17, 1–9.

12. Allen, C.; Dabbs, N.; Zachary, C.; Garner, J. The Acute Effect of a Commercial Bite-Aligning Mouthpiece on Strength an
d Power in Recreationally Trained Men. J. Strength Cond. Res. 2014, 28, 499–503.

[34]

[26]



13. Ebben, W.P.; Petushek, E.J.; Fauth, M.L.; Garceau, L.R. EMG analysis of concurrent activation potentiation. Med. Sci.
Sports Exerc. 2010, 42, 556–562.

14. Gage, C.C.; Bliven, K.C.H.; Bay, R.C.; Sturgill, J.S.; Park, J.H. Effects of mouthguards on vertical dimension, muscle ac
tivation, and athlete preference: A prospective cross-sectional study. Gen. Dent. 2015, 63, 48–55.

15. Golem, D.L.; Arent, S.M. Effects of over-the-counter jaw-repositioning mouth guards on dynamic balance, flexibility, agil
ity, strength, and power in college-aged male athletes. J. Strength Cond. Res. 2015, 29, 500–512.

16. Jung, J.-K.; Chae, W.-S.; Lee, K.-B. Analysis of the characteristics of mouthguards that affect isokinetic muscular ability
and anaerobic power. J. Adv. Prosthodont. 2013, 5, 388–395.

17. Limonta, E.; Arienti, C.; Rampichini, S.; Massimo, V.; Cè, E.; Veicsteinas, A.; Esposito, F. Effects of Two Different Self-A
dapted Occlusal Splints on Electromyographic and Force Parameters During Elbow Flexors Isometric Contraction. J. St
rength Cond. Res. 2017, 32, 230–236.

18. Maurer, C.; Heller, S.; Sure, J.J.; Fuchs, D.; Mickel, C.; Wanke, E.M.; Groneberg, D.A.; Ohlendorf, D. Strength improve
ments through occlusal splints? The effects of different lower jaw positions on maximal isometric force production and p
erformance in different jumping types. PLoS ONE 2018, 13, 1–17.

19. Yates, J.W.; Koen, T.J.; Semenick, D.M.; Kuftinec, M.M. Effect of a mandibular orthopedic repositioning appliance on m
uscular strength. J. Am. Dent. Assoc. 1984, 108, 331–333.

20. Allen, C.; Fu, Y.-C.; Garner, J.C. The Effects of a Self-Adapted, Jaw Repositioning Mouthpiece and Jaw Clenching on
Muscle Activity during Vertical Jump and Isometric Clean Pull Performance. Int. J. Kinesiol. Sport. Sci. 2016, 4, 42–49.

21. Allen, C.; Fu, Y.C.; Cazas-Moreno, V.; Valliant, M.W.; Gdovin, J.R.; Williams, C.C.; Garner, J.C. Effects of jaw clenching
and jaw alignment mouthpiece use on force production during vertical jump and isometric clean pull. J. Strength Cond.
Res. 2018, 32, 237–243.

22. Arent, S.M.; McKenna, J.; Golem, D.L. Effects of a neuromuscular dentistry-designed mouthguard on muscular endura
nce and anaerobic power. Comp. Exerc. Physiol. 2010, 7, 1–7.

23. Battaglia, G.; Messina, G.; Giustino, V.; Zangla, D.; Barcellona, M.; Iovane, A.; Palma, A. Influence of vertical dimension
of occlusion on peak force during handgrip tests in athletes. Asian J. Sports Med. 2018, 9.

24. Buscà, B.; Morales, J.; Solana-Tramunt, M.; Miró, A.; García, M. Effects of Jaw Clenching While Wearing a Customized
Bite-Aligning Mouthpiece on Strength in Healthy Young Men. J. Strength Cond. Res. 2016, 30, 1102–1110.

25. Buscà, B.; Moreno-Doutres, D.; Peña, J.; Morales, J.; Solana-Tramunt, M.; Aguilera-Castells, J. Effects of jaw clenching
wearing customized mouthguards on agility, power and vertical jump in male high-standard basketball players. J. Exer
c. Sci. Fit. 2018, 16, 5–11.

26. Cetin, C.; Keçeci, A.D.; Erdòan, A.; Baydar, M.L. Influence of custom-made mouth guards on strength, speed and anae
robic performance of taekwondo athletes. Dent. Traumatol. 2009, 25, 272–276.

27. Drum, S.N.; Swisher, A.M.; Buchanan, C.A.; Donath, L. Effects of a Custom Bite-Aligning Mouthguard on Performance i
n College Football Players. J. Strength Cond. Res. 2016, 30, 1409–1415.

28. Bourdin, M.; Brunet-Patru, I.; Hager, P.; Allard, Y.; Hager, J.; Lacour, J.; Moyen, B. Influence of maxillary mouthguards o
n physiological parameters. Med. Sci. Sports Exerc. 2006, 38, 1500–1504.

29. Duarte-Pereira, D.M.V.; Del Rey-Santamaria, M.; Javierre-Garcés, C.; Barbany-Cairó, J.; Paredes-Garcia, J.; Valmased
a-Castellón, E.; Berini-Aytés, L.; Gay-Escoda, C. Wearability and physiological effects of custom-fitted vs self-adapted
mouthguards. Dent. Traumatol. 2008, 24, 439–442.

30. Duddy, F.A.; Weissman, J.; Lee, R.A.; Paranjpe, A.; Johnson, J.D.; Cohenca, N. Influence of different types of mouthgu
ards on strength and performance of collegiate athletes: A controlled-randomized trial. Dent. Traumatol. 2012, 28, 263–
267.

31. Ebben, W.P.; Flanagan, E.P.; Jensen, R.L. Jaw clenching results in concurrent activation potentiation during the Counte
rmovement Jump. J. Strength Cond. Res. 2008, 22, 1850–1854.

32. Ebben, W.P.; Kaufmann, C.E.; Fauth, M.L.; Petushek, E.J. Kinetic Analysis of Concurrent Activation Potentiation during
Back Squats and Jump Squats. J. Strength Cond. Res. 2010, 24, 1515–1519.

33. Fischer, H.; Weber, D.; Beneke, R. No improvement in sprint performance with a neuromuscular fitted dental splint. Int.
J. Sports Physiol. Perform. 2017, 12, 414–417.

34. Martins, R.S.; Girouard, P.; Elliott, E.; Mekary, S. Physiological Responses of a Jaw-Repositioning Custom-Made Mout
hguard on Airway and Their Effects on Athletic Performance. J. Strength Cond. Res. 2018, 00, 1–8.

35. Dunn-Lewis, C.; Luk, H.-Y.; Comstock, B.A.; Szivak, T.K.; Hooper, D.R.; Kupchak, B.R.; Watts, A.M.; Putney, B.J.; Hydr
en, J.R.; Volek, J.S.; et al. The Effects of a Customized Over-the-Counter Mouth Guard on Neuromuscular Force and P



ower Production in Trained Men and Women. J. Strength Cond. Res. 2012, 26, 1085–1093.

36. Queiróz, A.F.V.R.; de Brito, R.B.; Ramacciato, J.C.; Motta, R.H.L.; Flório, F.M. Influence of mouthguards on the physical
performance of soccer players. Dent. Traumatol. 2013, 29, 450–454.

37. Arima, T.; Takeuchi, T.; Honda, K.; Tomonaga, A.; Tanosoto, T.; Ohata, N.; Svensson, P. Effects of interocclusal distance
on bite force and masseter EMG in healthy participants. J. Oral Rehabil. 2013, 40, 900–908.

38. Ebben, W.P. A brief review of a concurrent activation potentiation: Theoretical and practical constructs. J. Strength Con
d. Res. 2006, 20, 985–991.

39. Sugawara, K.; Furubayashi, T.; Takahashi, M.; Ni, Z.; Ugawa, Y.; Kasai, T. Remote effects of voluntary teeth clenching o
n excitability changes of the human hand motor area. Neurosci. Lett. 2005, 377, 25–30.

40. Patrick, D.G.; van Noort, R.; Found, M.S. Scale of protection and the various types of sports mouthguard. Br. J. Sports
Med. 2005, 39, 278–281.

41. Greenberg, M.S.; Cohen, S.G.; Springer, P.; Kotwick, J.E.; Vegso, J.J. Mandibular position and upper body strength: A
controlled clinical trial. J. Am. Dent. Assoc. 1981, 103, 576–579.

42. The academy of Prosthodontic. The academy of Prosthodontic 2005. The glossary of prosthodontic terms 8th edition.
J. Prosthet. Dent. 2005, 94, 10–92.

43. Komi, P.V. Strech-shortening cycle. In Strength and Power in Sport; Komi, P.V., Commission, I.O.C.M., Eds.; Blackwell
scientific publications: Hoboken, NJ, USA, 2003; pp. 184–202. ISBN 0632038063.

44. Fujimoto, M.; Hayakawa, I.; Hirano, S.; Watanabe, I. Changes in gait stability induced by alteration of mandibular positi
on. J. Med. Dent. Sci. 2001, 48, 131–136.

45. Hakkinen, K.; Pakarinen, A.; Alen, M.; Kauhanen, H.; Komi, P.V. Neuromuscular and hormonal adaptations in athletes t
o strength training in two years. J. Appl. Physiol. 1988, 65, 2406–2412.

Retrieved from https://encyclopedia.pub/entry/history/show/28930


