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I. Abstract 

[Objective] 

The examination of jaw movement during exercise is essential for an improved understanding of jaw 

function. Currently, there is no unified view of the mechanism by which the mandible is fixed during 

physical exercise. We hypothesized that during intense skeletal muscle exertion in dynamic exercises, 

the mandible is displaced to a position other than the maximal intercuspal position, and that mouth-

opening and mouth-closing muscles simultaneously contract to fix the displaced mandible.  

 

[Materials and Methods] 

Research 1: We recruited 12 healthy adult male subjects with normal occlusion and no subjective or 

objective abnormalities in the muscles of the head and neck or in the stomatognathic system. We 

conducted four short isometric exercises; the exercises included resistance to anterior inclination, 

resistance to posterior inclination, mouth-opening resistance, and maximum voluntary clenching. 

Muscle activity of the masseter, temporalis, digastric, and trapezius muscles was measured using 

electromyography. 

Research 2: Mandibular jaw movements and masticatory muscle activities during dynamic trunk 

muscle exertion (deadlift exercise) were recorded in 23 healthy adult males. The deadlift was divided 

into three steps: Ready (baseline), Pull, and Down.  

  

[Results] 

Research 1: The activities of the masseter and temporalis muscles were highest for maximum 

voluntary clenching and increased significantly more than other muscle activities (p = 0.002 and p = 

0.001). Meanwhile, the digastric muscle activity was highest during mouth-opening resistance and 

increased significantly more than other activities (p = 0.013) but was lowest during resistance to 

posterior inclination of the head. The trapezius muscle was highest during resistance to posterior 

inclination and increased significantly more than the other activities (p = 0.044).  

Research 2: During ⊿Pull (incisal distance from Ready to Pull) and ⊿Down (incisal distance from 

Ready to Down), the mandibular incisal points of many subjects moved posteriorly and inferiorly from 

the maximal intercuspal position. Additionally, the masseter, temporal and digastric muscles were 

activated simultaneously and significantly during the pull phase (19.1 ± 15.8%, 17.9 ± 17.2 and 21.1 

± 20.1% of the maximum voluntary contraction, respectively), with maintained activities during the 
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down phase (p<0.001).  

 

[Conclusion] 

The results suggested that during the exercise, the mandibular incisal point in almost all subjects 

moves to an inferior position (an open-mouth position). Simultaneously, the activities of the digastric 

muscles and the temporal and masseter muscles lead to mandibular fixation. 
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II. Introduction 

The mandible moves in accordance with the function required, such as mastication, swallowing, 

and phonation. Mandible and head movements are known to occur simultaneously during full-body 

exercise. For example, during walking and running, the head oscillates vertically and may undergo 

rotational yaw and pitch. The velocity and frequency of head movements during such activities [1,2], 

and the mechanisms for stabilizing head movements to maintain the constancy of gaze and posture 

have been described [3–5]. The vertical positional relationship of the mandible relative to the maxilla 

remains constant when such movements are not being performed; this condition is known as the 

mandibular rest position [6]. When examining mandibular dynamics during physical exercise using 

this scheme, it is difficult to consider the mandible as placed in the mandibular rest position or in other 

relaxed positions. During physical exercise, the mandible should be fixed in a position that is optimal 

for the exercise. However, there is no unified view of the mechanism by which the mandible is fixed, 

and a search of the literature did not reveal any reports of natural jaw movements during exercise. The 

examination of jaw movement during exercise is important for improved understanding of jaw 

function and prevention of oral injuries. 

When humans (including top athletes and amateur sportspeople) exert whole-body muscle force 

during physical exercise, the mandible is frequently fixed in a position other than the maximal 

intercuspal position, including the open-mouth, protruded, and lateral positions [7]. This phenomenon 

is considered to occur because postural reflexes and a strong bite in the maximal intercuspal position 

reduce the reciprocal innervation involved in skeletal muscle contractions [8–10]. Therefore, a strong 

bite is considered to be effective during static exercise (i.e., during performance of an exercise with 

almost no movement, typified by grip strength exertion [11–13]) but has a negative effect during 

dynamic exercise [14–17]. Additionally, in terms of the mandibular position during exercise, the 

condylar point has a tendency to be displaced in the posterior and inferior directions of the sagittal 

plane during strong force exertion by the back muscles, with the digastric muscles (Dm) contracting 

simultaneously and forcefully [18–20]. Thus, masticatory muscle activities under muscle exertion 

during exercise while maintaining the trunk position can cause various changes in other muscle 

activities. However, although many previous investigations of mandibular dynamics have focused on 

muscle force exertion during exercise with the mandible clenched in the maximal intercuspal position 

[11,12], or on masticatory muscle activities under muscle exertion during exercise [19,20], the natural 

mandibular dynamics during muscle force exertion in humans have not yet been clarified; this 
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knowledge gap should be addressed. Therefore, we hypothesized that in the course of intense skeletal 

muscle exertion during dynamic exercise, the mandible is displaced to a position other than the 

maximal intercuspal position, and that mouth-opening and mouth-closing muscles simultaneously 

contract to fix the displaced mandible.  

The aim of the present study was twofold: first, to investigate the effect of isometric exercises that 

were carried out by manually supporting the forehead, occipital region, or mental region on the 

masticatory and neck muscles, and second, to simultaneously record and examine mandibular jaw 

movements and masticatory muscle activities during dynamic trunk muscle exertion. 
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III. Materials and Methods 

Research 1: Effect of Neck Muscle Strength Training with Manual Therapy on Masticatory and 

Neck Muscles 

This part was conducted in 12 healthy adult male subjects (mean age: 26.3 ± 2.7 years) with normal 

occlusion and no subjective or objective abnormalities in the muscles of the head and neck or in the 

stomatognathic system. The procedure was approved by the Ethical Review Committee of Nihon 

University School of Dentistry at Matsudo (EC16-013:28/07/2016), and the study was performed 

according to the principles stated in the Declaration of Helsinki. The participants were well informed 

about the purpose of the study and consented to participate.  

 We conducted three different isometric training exercises: the first exercise consisted of resistance 

against an anterior inclination of the head through exertion of full-force by placing the palm of a hand 

on the forehead (resistance to anterior inclination). The second exercise consisted of resistance against 

the posterior inclination of the head through exertion of a full-force by placing a hand against the 

occipital region (resistance to posterior inclination), and the third exercise consisted of resistance to 

mouth-opening through exertion of maximum effort by placing the thumb in the submental space 

(mouth-opening resistance). All the above-mentioned exercises were carried out without tooth contact. 

In addition, as a control, maximum voluntary clenching were also performed. The participants 

performed each exercise at maximum effort for 3 s. 

Polymate Mini AP108 (Miyuki Giken Co., Ltd, Tokyo, Japan) was used as the electromyogram 

measuring device. The muscles tested were as follows: superficial masseter muscle (Mm) and the 

anterior temporal muscle (Tm) (which are considered jaw-closing muscles on the habitual chewing 

side), the anterior belly of the Dm and neck muscles (which are considered jaw-opening muscles), and 

the superior trapezius muscle (TrM). The electrodes were placed on the skin after they were cleansed 

with alcohol; the surface electrodes were attached to the belly of each muscle, with a distance of 10 

mm between the electrodes. In this study, the tested motions were performed three times for 3 s each; 

the maximum voluntary contraction of each muscle was measured, and the mean was calculated.  

 To analyze the relationship between the motion and muscles tested, a one-way analysis of variance 

was performed, and multiple comparisons were carried out using Fisher's LSD method. Analyses were 

performed using SPSS version 24 software (IBM SPSS Japan Inc., Tokyo, Japan), and the statistical 

significance was set at 5%. 
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Research 2: Mandibular Jaw Movement and Masticatory Muscle Activity during Dynamic 

Trunk Exercise 

Twenty-three healthy adult males (age, 27.1 ± 2.5 years) who enjoyed sports in their everyday life 

and had a stable maximal intercuspal position, without malocclusion, toothache, orofacial myalgia, or 

temporomandibular joint arthralgia, were selected as participants. The selected participants also had a 

favorable general health status, without a medical history of injury. Each participant was preliminarily 

provided with an adequate explanation of the objectives and methods of this study. Verbal and written 

informed consent was obtained from all participants prior to starting the experiment. This part of the 

study was approved by the Ethics Committee of the Nihon University School of Dentistry at Matsudo 

(EC16-013, 28/07/2016). 

The deadlift was selected as the test exercise in this study. The deadlift, a powerlifting performance 

exercise in which the back is straightened, with the trunk posture maintained, was selected as the test 

exercise for dynamic trunk muscle exertion. In this experiment, the course of the deadlift was divided 

into three steps. The first step consisted of the movements involved in the process of getting ready to 

lift the weight. In this step, the participants stood with their feet shoulder-width apart behind a barbell, 

bent their knees, and grabbed the bar (Ready). The second step comprised the movements for lifting 

the barbell along the front of the body, with force, while raising the body (Pull). The third step 

comprised the movements for putting the lifted barbell back into place (Down). This sequence of 

movements was defined as one attempt. During each attempt, the participants faced forward, with the 

bite plane parallel to the floor, according to the basic posture of the deadlift, and were instructed to 

maintain this posture. 

Prior to the assessments, the participants performed adequate stretching and warm-up exercises for 

barbell lifting. After adequate rest, the participants completed three attempts. For safety reasons, the 

barbell weight during the attempts was approximately 80% of the maximum weight the participant 

could lift.  

Jaw movements were recorded using a three-dimensional six-degree-of-freedom jaw movement 

measuring device (ARCUS digma2, KaVo, Biberach, Germany). The maxillary attachment (face-

bow) of the ARCUS digma2 device was affixed using the Frankfort horizontal plane as a reference 

plane. A mandibular attachment (clutch) was made using a quick-cure resin (UNIFAST III, GC, Tokyo, 

Japan) and was fixed/bonded with a cyanoacrylate instant adhesive (Aron Alpha, Toagosei Co., Ltd.; 

Tokyo, Japan) while adjusting its position to prevent the maxillary teeth from touching the bilateral 
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first molar teeth with the mandible in the maximal intercuspal position [21]. The ARCUS digma2 

device was then affixed parallel to the Camper's plane by marking the middle and posterior ear canals 

and the subnasale (Figure 1). 

Initially, the maxillary tooth alignment position with respect to the maxillary sensor, and subsequently, 

the position of the mandible tooth alignment with respect to the maxillary tooth alignment position in 

the maximal intercuspal position were recorded using the ARCUS digma2 transmitter (bite-fork). 

Anterior and right/left lateral movements were recorded using the 'articulator mode' of the device. 

Subsequently, incisal point movements in the sagittal plane during the test exercise were measured 

using the ‘analyze mode’ of the device. At the start of each assessment, the mandible was placed in 

the maximal intercuspal position with a minimal bite force; this position was defined as the 

measurement origin. The participants then moved their jaw at their discretion, without any instructions. 

The maximum incisal point displacements in the anterior-posterior and superior/inferior directions of 

the sagittal plane were assessed during the Ready, Pull, and Down phases.  

The assessment of masticatory muscle activities was focused on the right and left center of the 

superficial layer of the Mm and the anterior bundles of the Tm (i.e., mouth-closing muscles), as well 

as on the suprahyoid muscles, mainly the Dm (i.e., mouth-opening muscles). The electrodes were 

affixed along the muscle fibers 10 mm posterior and parallel to the anterior margin of the Tm, at the 

center of and parallel to the anterior margin of the Mm, and 20 mm away from the chin and on the 

bisector of the angle between the line connecting the chin with the mandibular angle and the sagittal 

line of the chin (Dm) (Figure 1).  

Masticatory contractions were measured using a multi-telemeter system (Polymate Mini AP108, 

Miyuki Giken Co., Ltd.; Tokyo, Japan) with an Ag-AgCl bipolar surface electrode (5-mm diameter). 

The derived electromyographic signals were scanned by the wave-analyzing software, BIMUTAS-

Video (KISSEI COMTEC Co., Ltd.; Matsumoto, Japan), and recorded on a personal computer with a 

sampling frequency of 1 kHz. The measurements were performed with the following settings: the 

treble cut-off frequency turned off, a time constant of 0.03 s, and a sensitivity of 0.5 mV/diV. In 

addition, the contractions of the Mm and Tm during maximum voluntary bite force exertion in the 

maximal intercuspal position, and that of the Dm under maximum voluntary resistance against mouth 

opening (achieved by placing the thumb on the lower margin of the mandibular midline to prevent the 

head from bending backward) were measured to define the maximum voluntary contractions (MVCs) 

of those muscles. 
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In the analysis of electromyographic data, the mean contraction in 1 second of stable 

electromyographic waveforms out of 3 second of electromyographic waveforms obtained at the time 

of the maximum voluntary clenching (Mm and Tm) or the maximum voluntary resistance against 

mouth-opening (Dm) was taken as the MVC. For each step of the deadlift (Ready, Pull, Down), 0.2 

seconds of stable EMG waveforms were selected, and the percentages of the Mm, Tm, and Dm relative 

to the corresponding MVC (root mean square) were calculated. Additionally, jaw movement 

measurements and electromyography were performed simultaneously. Further, for all analyses, the 

barbell position was confirmed using a video camera. 

For the analysis, the maximum amount of movement of the incisor point from Ready to Pull was 

calculated as ⊿Pull, and the maximum amount of movement of the incisor point from Ready to Down 

during the deadlift exercise was calculated as ⊿Down. A scatter plot was then created for the amount 

and direction of movement, and the percentage of locations in the four directions (antero-superior, 

antero-inferior, postero-superiorly, postero-inferior) was calculated. The activities of Mm, Tm, and 

Dm during the three steps of the deadlift (Ready, Pull, Down) were also examined using a repeated-

measures ANOVA with step as a factor. For both analyses, the least significant difference method was 

used in subsequent multiple comparisons. The analyses were performed using SPSS software version 

24 (IBM SPSS Japan Inc., Tokyo, Japan), and the statistical significance was set at 5%. 

 

IV. Results 

Research 1: Effect of Neck Muscle Strength Training with Manual Therapy on Masticatory and 

Neck Muscles 

The Mm activity was highest for maximum voluntary clenching and increased significantly more 

than other muscle activities (p = 0.01). Resistance to posterior inclination was the lowest and was 

significantly lower than the other muscle activities. There was no significant difference in the 

resistance to anterior inclination and mouth-opening resistance. There was no significant difference 

between the activity for resistance to anterior inclination and mouth-opening resistance. Tm activity 

was highest during maximum voluntary clenching and increased significantly more than other muscle 

activities (p = 0.002). There was no significant difference in the resistance to anterior inclination, 

resistance to posterior inclination, or mouth-opening resistance. Dm activity was highest during 

mouth-opening resistance and increased significantly more than other activities (p = 0.013). The 

activity of the Dm was lowest during resistance to posterior inclination and was significantly lower 
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than the other activities. There was no significant difference in the resistance to anterior inclination 

and mouth-opening resistance. The TrM showed the highest activity during resistance to posterior 

inclination and increased significantly more than the other activities (p = 0.044). The TrM showed the 

lowest activation during mouth-opening resistance and was significantly lower than other activities. 

There was no significant difference in the activity between the resistance to anterior inclination and 

mouth-opening resistance (Tables 1 and 2). 

Research 2: Mandibular Jaw Movement and Masticatory Muscle Activity during Dynamic 

Trunk Exercise 

1. Mandibular incisal point displacements 

In ⊿Pull, the mandibular incisor point moved antero-superiorly in 8.7% of the subjects, antero-

inferiorly in 21.7%, postero-superiorly in 13.1%, and postero-inferiorly in 56.5% of the subjects. On 

the other hand, in ⊿Down, the mandibular incisor point moved antero-superiorly in 4.4% of the 

subjects, antero-inferiorly in 21.7%, postero-superiorly in 21.7%, and postero-inferiorly in 52.2% of 

the subjects. In ⊿Pull and ⊿Down, the percentage of postero-inferior displacement was the highest. 

(Figure 2, Table 3). 

2. Masticatory muscle activities 

The Mm contraction increased in the Pull phase and then decreased in the Down phase to the same 

value as that at the Ready phase. The Mm contraction was 6.5 ± 4.4% of the MVC at the Ready phase, 

19.1 ± 15.8% at Pull, and 10.4 ± 10.0% at the Down phase. Repeated measures ANOVA revealed that 

the step factor was significant (F (2, 21) = 7.67, p = 0.003), and the post hoc test revealed significant 

differences in the mean between Ready and Pull and between Pull and Down (both p < 0.001). 

Specifically, Mm contraction increased at the Pull phase, and then decreased at the Down phase. The 

Tm contraction was 6.5 ± 3.7% of the MVC at the Ready phase, 17.9 ± 17.2% at the Pull phase, and 

9.9 ± 12.1% during the Down phase. Repeated measures ANOVA revealed that the step factor was 

significant (F (2, 21) = 11.09, p < 0.001), and post hoc tests using LSD revealed significant differences 

in the means between Ready and Pull (p = 0.002) and between Pull and Down (p < 0.001). The Dm 

contraction was 6.5 ± 3.6% of the MVC at Ready, 21.1 ± 20.1% at Pull, and 13.7 ± 14.7% at Down. 

Repeated measures ANOVA revealed that the step factor was significant (F (2, 21) = 11.87, p < 0.001), 

and post hoc tests revealed significant differences among all steps (all p < 0.05). Specifically, Dm 

contraction increased at the Pull phase, and then decreased at the Down phase (Tables 4 and 5). 
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V. Discussion 

Research 1: Effect of Neck Muscle Strength Training with Manual Therapy on Masticatory and 

Neck Muscles 

 The Dm plays various roles, and one of its important roles is to raise the hyoid bone during 

swallowing. Therefore, performing exercises that involve the suprahyoid muscles, including the Dm, 

might be an effective treatment for patients with dysphagia. Thus far, the Shaker exercise (head-raising 

exercise) [22] and the chin push-pull maneuver [23], or the exercise consisting of swallowing while 

pushing the forehead up with the palm of the hand [24], have been considered effective for 

strengthening the suprahyoid and infrahyoid muscles, and these methods are still practiced today, as 

they are effective for most patients, including the elderly; however, for participants who perform these 

exercises for preventive purposes, a certain amount of weight should be used for muscle training, and 

establishing a simple technique that can be performed by the subjects as a part of the activities of daily 

living may greatly improve their quality of life and prevent the development of disorders. 

The method described in this study can also be considered as a head-raising exercise supplemented 

with isometric resistance, or more specifically, a modified version of an exercise consisting of 

swallowing while pushing up the forehead with the palm of the hand. However, thus far, no report has 

provided a clear description of the activity phases of the suprahyoid muscles. Our study yielded 

meaningful findings by exploring the underlying mechanism of neck strength training with manual 

therapy and examining the activities of important muscles during isometric exercises of the head and 

neck. The maximal load during resistance to anterior inclination of the head and resistance to mouth 

opening could strengthen the Dm. Our findings suggest that this could contribute to preventing the 

deterioration of swallowing function. The optimal weight for performing the exercises, and the 

subsequent continuity of the exercises is up to the discretion of the individual; therefore, further studies 

are needed. Thus, the best methods for objective evaluation and measurements should also be 

determined. 

Furthermore, our study compared the activities of the masticatory and neck muscles during the 

tested motions. The findings revealed that, for the first time, during resistance to anterior inclinations 

of the head, the Mm was active despite the absence of contact between the upper and lower teeth. 

Fixing and stabilizing the mandible by activating the Mm without using teeth contact is similar to 

bracing, a non-functional movement occurring unconsciously in sleep bruxism [25], which is 

particularly interesting. 
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Research 2: Mandibular Jaw Movement and Masticatory Muscle Activity during Dynamic 

Trunk Exercise 

Motion dynamics research of occlusal and physical movement functions [26,27] has provided limb 

muscle output values during occlusal function exertion; studies analyzing the occlusal status (i.e., the 

mandibular position during muscle exertion in detail) are lacking. Thus, in the current study, 

masticatory muscle activities and mandibular jaw movements during dynamic trunk muscle exertion 

were simultaneously recorded and examined to address this knowledge gap in natural mandibular 

dynamics in humans. The results showed that the mandibular incisal point during dynamic trunk 

muscle exertion was displaced from the maximal intercuspal position to a posteroinferior position, 

causing an open-mouth posture. Additionally, in terms of masticatory muscle activities, the 

simultaneous activities of not only the Dm (responsible for mouth opening) but also the Tm and Mm 

(responsible for mouth closure) led to mandibular fixation.  

While performing the deadlift, which requires dynamic trunk muscle strength, the mandibular 

incisal point was displaced posteriorly and inferiorly from the maximal intercuspal position of the 

sagittal plane to an open-mouth position during the Pull and Down phases, as shown in Figure 2. In 

the current study, mandibular jaw movements were observed as incisal point movements in the sagittal 

plane. As mandibular jaw movements are considered to reflect concerted movements based on 

Bonwill’s triangle (consisting of the incisal point and both condylar points), incisal point movements 

can be regarded as mandibular movements synchronized with condylar point movements [28]. It has 

been reported that displacements from the maximal intercuspal position to a posterior position may 

cause jaw dysfunction, a phenomenon that has been explored from the viewpoint of abnormal 

stomatognathic function [29]. However, Sicher [30] reported that the working-side condyle during the 

Bennett movement not only rotates but also moves side-to-side, up-and-down, or inward, and that the 

non-working-side condyle moves downward and forward. Additionally, some studies have reported 

that there is a space (0.5 to 1 mm) on the side at the rear of the joint cavity, in which the working-side 

condyle can rotate during lateral movements and while backing away [31–33]. Moreover, in a report 

on condylar point displacements during spontaneous backward movements Posselt stated that, when 

the condylar point was placed posterior to the maximal intercuspal position, with tooth contact, the 

condylar point was displaced 0.3 mm posteriorly and 0.2 mm superiorly [28], which is on the same 

order of magnitude as the changes observed in the current study. Thus, the condyles can be displaced 

posteriorly because of the articular structure. In the current study, under trunk muscle force exertion, 
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this space may enable fixation of the mandible, not in the maximal intercuspal position, but in a 

posteroinferior position. Therefore, the hypothesis that the mandible is spontaneously displaced during 

strong muscle force exertion in dynamic movement is supported by the results of the current study. 

The outcomes of this study are novel in that the contractions of the Mm, Tm, and Dm were 

approximately three times higher during the Pull phase (when the maximum muscle force was exerted) 

than during the Ready phase, even though the jaw was not placed in the maximal intercuspal position. 

In other words, Mm activity was not observed without strong occlusal contact. Only a few studies 

have investigated human jaw movements and masticatory muscle activities during low-intensity 

muscle exertion. In recent years, the concept of 'bracing' has been introduced to firmly fix the mandible 

in a position under no occlusal contact [34]. Bracing is currently defined as forcefully maintaining a 

certain mandibular position/activity without the necessary presence of tooth contact or as an increased 

level of masticatory muscle activity without tooth contact [35]. Sugihara et al. reported that during a 

head-raising exercise, the Mm is activated even though the maxillary and mandibular teeth are not in 

contact with each other, which was considered to reflect bracing [36]. Bracing is considered to occur 

even during dynamic exercise [35], and the results of the current study suggest fixation of the mandible 

by bracing.  

The current study has several limitations. As mandibular jaw movements were observed two-

dimensionally using incisal point displacements in the sagittal plane, it is necessary to examine 

mandibular jaw movements three-dimensionally, including condylar point displacements. Moreover, 

future studies should examine the muscles involved in mouth closure, such as the Mm and Tm, and 

the muscles involved in mouth opening, (which are suprahyoid muscles) such as the Dm, along with 

the infrahyoid and neck muscles, including the sternocleidomastoid and TrM. Further research should 

also investigate jaw movements during muscle exertion in greater detail. 

 

VI. Conclusion 

 During exercise, the mandibular incisal point is displaced from the maximal intercuspal position to 

the inferior position (an open-mouth position). Additionally, in terms of masticatory muscle activities, 

the activities of not only the muscles involved in mouth opening, such as the Dm, but also those of the 

muscles involved in mouth closure, such as the Tm and Mm, are responsible for mandibular fixation. 
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VIII. Tables and Figures 

Table 1 Effect of manual neck muscle strength training on masticatory and neck muscles 

 
 

Table 2 LSD test for manual neck muscle strength training on masticatory and neck muscles. 
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Table 3 The ratio of the jaw movement direction during ⊿Pull and ⊿Down in the deadlift 

 
 

 

Table 4 Muscle activities during the steps of the deadlift (Ready, Pull, Down) 

 
 

 

Table 5. LSD test for muscle activity during the steps of the deadlift 
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Fig.1 Measurement of the mandibular jaw movement (A) and EMG measurement of masticatory 

muscles activity (B) during the deadlift. 

 

 

 

Fig. 2 Scatter plot of ⊿Pull and ⊿Down in the mandibular jaw movement during the deadlift. 

 

 

Figure legends 

Fig.1 Measurement of the mandibular jaw movement (A) and EMG measurement of masticatory 

muscles activity (B) during the deadlift. 

Fig. 2 Scatter plot of ⊿Pull and ⊿Down in the mandibular jaw movement during the deadlift. 


