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Abstract
Crossfit® is based on physical improvements related to strength and endurance. This study aimed to evaluate the molar bite force

and masticatory muscle thickness in athletes practicing Crossfit®. This cross-sectional study included 40 participants who were divid-

ed into groups: athletes who had been practicing Crossfit® (n = 20) and healthy participants who were not practicing physical exercise
(n = 20). The molar bite force (right and left sides) was measured using a dynamometer. The thickness of the masseter and temporalis

muscles at rest and dental clenching in maximum voluntary contraction tasks were analyzed using ultrasound. The data were analyzed using a t-test with a 5% significance level. Significant differences were found in the right (p = 0.001) and left (p = 0.008) maximum bite forces between the two groups. The Crossfit® group showed a greater maximum bite force than the non-sports group. There

were significant differences in the thickness of the right (p = 0.032) and left (p = 0.004) masseter muscles during dental clenching

in maximum voluntary contraction, and in the thickness of the left masseter muscle (p = 0.015) at rest. The Crossfit® group showed
greater muscle thickness than the non-sports group. The results of this study suggest that Crossfit® produces morphofunctional

changes in the stomatognathic system when maximum bite force and masseter and temporalis muscles thickness are observed. We
highlight the importance of analyzing the stomatognathic system of athletes who practice strength and endurance sports, showing
the importance of knowing the functional characteristics of the organism as a whole to improve physical performance.
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Introduction
Dental science and sports are lining up through increasingly

promising discoveries that demonstrate the impact of oral health

on the performance of high-performance athletes to promote

health and quality of life [1-5]. The physical ability and balance of

the body required in sports can be influenced by dental occlusion;
for example, by showing the relationship between muscles, clenching of the teeth, sports performance, and health [6].

An understanding of what happens to the human body when it

undergoes physical improvement related to strength and endur-
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ance with the functional aspects, especially the stomatognathic

University of São Paulo, and at the Laboratory of Biomechanical

Sports, when regularly practiced, promote health benefits [8].

The number of Crossfit® training practitioners in Brazil was not

system, demonstrates that the systems are interconnected and can
respond directly to physical stimuli [7].

Analysis of Movement of the Claretian Centro Universitário de
Batatais, São Paulo, Brazil.

For example, training by Crossfit improves strength and endur-

considered during sample size calculation as there were no offi-

or no intervals between sessions, and is practiced worldwide in

of 0.81 for the main result of maximum right molar bite force to

®

ance and increases functional performance [9,10]. Crossfit

®

is

known as a high-intensity physical program performed with small
more than 11,481 official academies [11].

The musculoskeletal system is composed of three main struc-

tures: bones, joints, and muscles [12]. Crossfit® known as a sports

modality promotes improvement in the functional condition of

cial records. Therefore, this sample was used for convenience. The
post-hoc test was performed at an α level of 0.05 and power (π)

confirm the sample size (20 individuals in each group) using the G*

Power software (v.3.1.9.2, Franz Faul, Universität Kiel, Germany).
The mean ± standard deviation (SD) of the maximum right molar

bite force was 39.67 ± 17.20 for the group of athletes who practiced
Crossfit®, while that of the group of healthy individuals not practic-

these structures while working on the muscle mass and body fat

ing physical exercises was 27. 41 ± 12.97, producing an effect size

It is important to functionally evaluate individuals who regu-

A total of 60 participants aged between 25 and 35 years and

ratio, thereby, improving the athlete’s performance [13].

larly engage in physical activities, especially those which are characterized by strength intensity; however, little is known about the

impact of these activities on the stomatognathic system, which is
complex and interdependent, covering static and dynamic structures [14]. By analyzing this complex system, it is possible to un-

derstand how the function and morphology of dynamic structures
are influenced by sports activities, providing possible anatomical
and functional modifications [15].
Objective of the study

The objective of this study was to evaluate the molar bite force

and masseter and temporalis muscle thickness of athletes practic-

ing Crossfit® to demonstrate whether there are functional altera-

tions in the stomatognathic system. The null hypothesis was that

there was no significant difference in the molar bite force and the

masseter and temporalis muscle thickness between the group of
athletes who practiced Crossfit® and the group of healthy individu-

als who did not engage in physical exercise. This study proposed
two hypotheses about athletes who practiced Crossfit®: they have
a greater molar bite force and have thicker masticatory muscles.

Materials and Methods

Participants and experimental design
This comparative cross-sectional observational study was car-

ried out at the Laboratory of Electromyography of the Department
of Basic and Oral Biology, Faculty of Dentistry of Ribeirão Preto,

of 0.815.

following the inclusion and exclusion criteria were evaluated, of
which 20 participants were selected (12 women and 8 men) as the

group that had been practicing Crossfit® (GI) training for a minimum of two years, with a practice routine of five days per week.

The Crossfit® practitioner’s level is advanced. The group of healthy

participants who did not practice physical exercises (GII), known

as the control group, was constituted by means of individual-toperson pairing with the GI observing age and body mass index.
The characteristics of the participants in both groups are shown
in table 1.

Groups
GI

GII

p-value

Age

Body Mass Index

30.8 ± 0,9

25.1 ± 0.5

30.0 ± 1.2
0.63

23.3 ± 0.7
0.08

Table 1: Differences in characteristics (mean ± standard error)

between athletes who practiced Crossfit® (GI) and healthy participants who do not engage in physical exercises (GII).

* Significant difference, Student’s t-test (i.e., p < .05).

The recruitment of participants who practiced Crossfit® train-

ing was carried out in two gyms in the city of Ribeirão Preto and

the metropolitan region of São Paulo, Brazil, which maintained the

same standard of physical training. The exercises encompassed
high-intensity, constant functional movements, and sustained vari-
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ations during the session. The instructor determined a sequence,

thickness during mandibular rest and dental clenching tasks dur-

All selected individuals met the following inclusion criteria: age

cording the ultrasound images, the individuals remained seated in

cardiovascular and neurological diseases. The exclusion criteria

thighs. Specific guidelines were provided asking the individual

and all participants performed the same physical exercises while
maintaining the daily protocol.

between 25 and 35 years, normal occlusion (Angle Class I), pres-

ence of all teeth except for third molars, non-smokers, absence of
were as follows: presence of temporomandibular disorders (Re-

search Diagnostic Criteria for Temporomandibular Disorders),
muscle injuries in the last five months, use of medications and/or
dietary supplements that could interfere with muscle function, ulcerations, open wounds or skin hypersensitivity, systemic pathologies (decompensated), and orthodontic treatment.
Ethical consideration

The study was conducted under the ethical standards of the Hel-

sinki Declaration and was approved by the local Ethics Committee
(process # 19828619.5.0000.5419). Written informed consent was
obtained from all participants.

Measurement of the maximum bite force

ing maximum voluntary contraction.

During the performance of the protocol with the function of re-

an upright posture, without head fixation, with the soles of their
feet on the ground and the palms of their hands resting on their
to remain calm during data collection. The locations of the masseter and temporalis muscles were confirmed by digital palpation
[16,20,21].

In this protocol, a water-based electroconductive gel was used

between the integumentary tissue and the linear transducer, with

the objective of suppressing the air so that it does not interfere

with the capturing of the ultrasonographic image. The transducer
was positioned transversely to the direction of the muscle fibers,
considering that the belly of the masseter muscle is located approximately 2.75 cm above the angle of the mandible towards the upper
eyelid and the anterior portion of the temporalis muscle, approxi-

mately 1.25 cm behind and above the external angle of the eye [22].
Three ultrasonographic images of the masseter and tempora-

The maximum bite force was measured using a digital dyna-

lis muscles were obtained at rest and during dental clenching in

discs at the ends, on which the maximum bite force was captured.

single qualified professional. From the three measurements of each

following the biosafety criteria.

Statistical analysis

mometer (Kratos Equipment model IDDK, São Paulo, Brazil) with a
bite fork [16,17]. The equipment consisted of two rods with Teflon
The dynamometer was cleaned with alcohol, and the device’s bite

rods were protected with disposable latex finger cots (Wariper-SP)
All participants received information on the maximum molar

bite force. The tests were performed by squeezing the equipment

rods before the records were obtained to ensure the reliability of

the protocol. The measurements, which were reported in newtons,
were performed in the region of the first molar, detecting both the
right and left arches. Each participant was asked to bite the nails

three times, with maximum effort, resting for two minutes between

records [18,19]. The maximum molar bite force value was recorded
and used for statistical analysis.

Measurement of masticatory muscle thickness
A portable ultrasound device (NanoMaxx; SonoSite Inc., Both-

ell, WA, USA) with a 13-MHz linear transducer positioned on the

fibers of the masseter and temporalis muscles was used to measure

the maximum voluntary contraction task, with an interval of two
minutes between images 16,21. Measurements were performed by a

masticatory muscle in centimeters, mean values were obtained for
statistical analysis.

Data were analyzed using Student’s t-test, considering bite

force and muscle thickness as variables. The level of statistical sig-

nificance was set at p < 0.05. Statistical analysis was performed using IBM® SPSS® (version 26.0; IBM SPSS Inc., Chicago, IL, USA). The

Shapiro–Wilk test was applied to verify the normal distribution of
data on bite force and muscle thickness.

Results

The maximum bite force and masticatory muscle thickness in

athletes who practiced Crossfit® and healthy participants who did

not practice physical exercise are shown in table 2. Significant dif-

ferences were found in the right (p = 0.001) and left (p = 0.008)
maximum bite forces between the two groups. The Crossfit® group
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showed a greater maximum bite force than the non-sports group.

pothesis was based on previous studies that found an association

in maximum voluntary contraction and the left masseter muscle

letes practicing Crossfit® showed an increase in the maximum bite

There were significant differences in the right (p = 0.032) and left

(p = 0.004) masseter muscle thickness during dental clenching

thickness (p = 0.015) at rest. The Crossfit® group showed greater

muscle thickness than the non-sports group.
Variables

GI

GII

p-value

389.02.± 168.67

268.80 ± 127.19

0.01

Bite Force (N)
Right

Left

359.41 ± 135.52

247.12 ± 119.15

0.008

RM

1.21 ± 0.21

1.15 ± 0.22

0.42

Muscle thickness (cm)
Rest

LM

RT

LT

MVC
RM

LM
RT

LT

1.24 ± 0.30

0.52 ± 0.10

1.06 ± 0.12

0.79

1.29± 0.15

0.03

0.51 ± 0.11

0.50 ± 0.10

1.47 ± 0.32

1.22 ± 0.16

1.42 ± 0.20

0.57 ± 0.11

0.58 ± 0.14

0.01

0.51± 0.11

0.56 ± 0.12

0.55 ± 0.12

0.87

0.004
0.88

0.42

Table 2: Differences in mean values (± standard deviations) of
variables between groups.

GI, athletes who practiced Crossfit®; GII, healthy participants who
did not engage in physical exercises; RM, right masseter; LM, left

masseter; RT, right temporalis; LT, left temporalis; MVC, maximum
voluntary contraction; significant difference, Student’s t-test

Discussion

(p < 0.05).

The null hypothesis of this study was rejected because there

were significant differences in maximum bite force, left masseter

between strength, power, and physical conditioning [23]. Therefore, the first hypothesis was accepted because the group of ath-

force with significant differences compared to the healthy individuals who did not practice physical exercise.

In high-intensity exercises that are considered anaerobic, fast-

twitch muscle fibers are the most activated because they have the
electrochemical capacity to transmit action potentials [24]. Dur-

ing this type of exercise, the muscle fibers used are known as type

II (white) or fast-twitch muscle fibers, which increase in volume

due to the increased spacing of the Z lines that delimit the repeti-

tive unit of the myofibrils [25]. This fact could explain the greater

bite force of the group of athletes practicing Crossfit® because of

the relationship between the size of muscle fibers of the masseter
muscles (which are type II muscle fibers) and the bite force of adult
participants [26,27].

Our second hypothesis was that the group of athletes practicing

Crossfit® experienced an increase in the thickness of the masseter

and temporalis muscles. This hypothesis was based on scientific
reports that showed that sports modalities promote greater recruitment of striated skeletal muscle fibers that can modify mor-

phofunctional parameters and improve neuromuscular efficiency
[28]. The second hypothesis of this study was also accepted.

There are hypotheses that could explain the results of these

variables, based on the functional and physiological assumptions.
First, we need to reflect on the behavior of the static and dynamic
structures of the stomatognathic system regarding the training

of Crossfit® athletes. It is known that during the practice of many

sports that require both physical effort and concentration, teeth
clenching is present, and can develop involuntarily [6].

Dental occlusion can affect the physical capacity and body bal-

muscle thickness at rest, and masseter muscle thickness (right

ance. During teeth clenching as a result of physical activity, there is

functional mechanism of physical training and the stomatognathic

esis, it could have occurred in athletes practicing Crossfit®, caus-

and left) in dental clenching during maximal voluntary contraction

between the two groups, showing the relationship between the
system.

Our first hypothesis was that the athletes practicing Crossfit®

had experienced an increase in the maximum bite force. This hy-

an increase in tension due to isometric muscle contraction, which
can lead to muscle hypertrophy [29,30]. According to this hypoth-

ing an increase in the thickness of the masticatory muscles. In this

study, we did not investigate whether the athletes clenched their
teeth during sports.
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On the other hand, after training with maximum effort, the body

which is linked with anaerobic energy production that promotes

ing a physically fit athlete, the body can, for example, reduce the

Physical exercise challenges homeostasis and the human body

responds physiologically through changes in muscle glycogen,

blood lactate, heart rate, and hormonal levels [31]. When observ-

an improvement in the functional performance [39].

lactate levels in the muscles recruited during high-intensity physi-

always tries to find new ways to maintain the dynamic balance of

of chemical energy, a product of glucose metabolism, which accu-

system of athletes, the scientific community needs to understand

cal efforts. When evaluating the lactate concentration, it cannot be
said that it is a waste product of metabolism; rather, it is a source

mulates as a result of high-intensity exercise and stimulates muscle

the body through adaptive responses of the metabolic, immune,

and hormonal systems [40]. When evaluating the stomatognathic
how this system behaves as a result of the physical stimuli of physi-

hypertrophy [32].

cal conditioning and, therefore, understand the importance of the

propagates in the interstitial space and into the bloodstream, un-

may or may not interfere with physical and sporting performances.

After lactate is formed in the skeletal striated musculature, it

dergoes tamponade, and is removed from the site of energy metabolism, associating its concentration with the release of growth

relationship between dentistry and sports to demonstrate that

high-performance athletes show morphofunctional changes that

This study had some limitations. The first limitation was the in-

hormone (GH), a hormone that may have an indirect influence on

ability to assess the clinical signs of tooth clenching during sports.

Type 1 insulin-like growth factor or somatomedin C, also known

tice Crossfit®. The third limitation was that the IGF1 test was not

the muscle hypertrophy process [33].

as IGF-1 (insulin-like growth factor-1), is a hormone that mediates

the effects of GH [34], produced in the liver, which acts as a hypertrophic inducer of muscle cells [35] resulting from increased pro-

tein synthesis by stimulating the intracellular signaling pathway

The second limitation was the use of a convenient sample, as there
are no official data on the number of athletes in Brazil who prac-

performed to measure growth hormone levels that could explain
masticatory muscle hypertrophy.

The clinical relevance of this study is that the practice of Cross-

P13K/AkT/mTOR in physiological hypertrophy, resulting from

fit® does not affect the function of the stomatognathic system, when

letes who practice Crossfit®. In this study, the IGF1 test was not per-

performance in sports competitions and in daily life.

strength training [36,37]. This factor may also be associated with
the increased thickness of masticatory muscles in the group of ath-

observing muscle strength and thickness, with a good stomatognathic system being an important factor for the athlete’s physical

formed to quantify growth hormones.

Conclusion

reason for the increase in the thickness of the masseter and tempo-

Crossfit® training have morphofunctional alterations in the sto-

Through a neuromuscular approach, we can also suggest the

The results of this study suggest that individuals who practice

ralis muscles in the group of athletes who practice Crossfit®. They

matognathic system, especially in the maximum molar bite force

especially those of the white type, and due to the increased spacing

thickness of the masticatory muscles, which indicates that the sys-

develop a workout with anaerobic muscle characteristics, thus pro-

moting strength with an increase in the volume of muscle fibers,
of the Z lines, hypertrophy is triggered in the skeletal striated mus-

culature [38]. This is another factor that could be associated with
of the masticatory muscles thickness.

During physical conditioning of the human organism through a

sport modality, all systems, including the stomatognathic system,

produce instantaneous or delayed responses to maintain the bio-

chemical and physiological balance. Crossfit® training is directly related to the strength and endurance of the upper and lower limbs,

and masseter muscle thickness. Continuous, intermittent and

high-intensity sports training provides an increase in strength and
tems of the human body are interconnected, responding to physical

stimuli provided by continuous training, and is an important factor
in understanding the functional characteristics that will improve
an athlete’s performance.

Therefore, future research will be needed to further explain the

findings of this study, which shows that there are still gaps in sports
dentistry when evaluating the dynamic structures of the stomatognathic system associated with high-intensity sports modalities.

Citation: Marcelo Palinkas., et al. “Crossfit®: An Approach to Bite Force and Masticatory Muscle Thickness". Acta Scientific Dental Sciences 5.12 (2021):
95-101.

Crossfit®: An Approach to Bite Force and Masticatory Muscle Thickness

Acknowledgements
The authors thank the National Institute and Technology -

Translational Medicine (INCT.TM) and São Paulo and São Paulo

State Research Support Foundation (FAPESP) for support during
this study.

Bibliography
1.

2.

3.

4.

5.

6.

7.

8.

9.

Stamos A., et al. “The european association for sports dentistry, academy for sports dentistry, european college of sports
and exercise physician’s consensus statement on sports dentistry integration in sports medicine”. Dental Traumatology 36
(2020): 680-684.

Alkan B., et al. “Effects of exercise on periodontal parameters
in obese women”. The Nigerian Journal of Clinical Practice 23
(2020): 1345-1355.
Ghone U., et al. “Revisiting sports dentistry with a critical
appraisal”. The Journal of Contemporary Dental Practice 22
(2021): 105-106.

Park H.K., et al. “Sports-related oral and maxillofacial injuries:
a 5-year retrospective study, Pusan National University Dental
Hospital”. Journal of Oral and Maxillofacial Surgery 79 (2021):
203.
Wang J-S., et al. “Mouthguard-effect of high-intensity weight
training on masticatory muscle tone and stiffness in taekwondo athletes”. Journal of Exercise Rehabilitation 16 (2020): 510515.

Kinjo R., et al. “Development of a wearable mouth guard device
for monitoring teeth clenching during exercise”. Sensors (Basel) 21 (2021): 1503.

Kusy K., et al. “Aging athlete’s heart: an echocardiographic
evaluation of competitive sprint- versus endurance-trained
master athletes”. Journal of the American Society of Echocardiography 34.11 (2021): 1160-1169.
Hamdouni H., et al. “Effect of three fitness programs on
strength, speed, flexibility and muscle power on sedentary
subjects”. The Journal of Sports Medicine and Physical Fitness
(2021).
Dos Santos Quaresma MVL., et al. “Effects of diet interventions,
dietary supplements, and performance-enhancing substances
on the performance of CrossFit-trained individuals: A systematic review of clinical studies”. Nutrition 82 (2021): 110994.

100

10. Mangine GT., et al “Workout pacing predictors of Crossfit®
open performance: a pilot study”. Journal of Human Kinetics
78 (2021): 89-100.

11. Schlegel P. “Crossfit® training strategies from the perspective
of concurrent training: a systematic review”. Journal of Sports
Science and Medicine 19 (2020): 670-680.

12. Shraim MA., et al. “Systematic review and synthesis of mechanism-based classification systems for pain experienced in
the musculoskeletal system”. The Clinical Journal of Pain 36
(2020): 793-812.
13. Bahremand M., et al. “A comparison of CrossFit and concurrent
training on myonectin, insulin resistance and physical performance in healthy young women”. Archives of Physiology and
Biochemistry (2020): 1-7.

14. Saratti CM., et al. “Functional assessment of the stomatognathic system. Part 2: The role of dynamic elements of analysis”. Quintessence International (2021): 2-14.

15. Fioco EM., et al. “Analysis of bite force, EMG, and thickness of
the masticatory muscles in swimmers: crawl modality”. Acta
Scientific Dental Sciences 2 (2018): 33-40.
16. Palinkas M., et al. “Age and gender influence on maximal bite
force and masticatory muscles thickness”. Archives of Oral Biology 55 (2010): 797-802.

17. Manzon L., et al. “Bite force in elderly with full natural dentition
and different rehabilitation prosthesis”. International Journal
of Environmental Research and Public Health 18 (2021): 1424.
18. Bonjardim LR., et al. “Association between symptoms of temporomandibular disorders and gender, morphological occlusion, and psychological factors in a group of university students”. Indian Journal of Dental Research 20 (2019): 190-194.
19. Bertram S., et al. “Cross-sectional characteristics of the masseter muscle: an ultrasonographic study”. International Journal
of Oral and Maxillofacial Surgery 32 (2003): 64-68.

20. Andrade AS., et al. “Electromyographic activity and thickness
of masticatory muscles in children with unilateral posterior
crossbite”. Clinical Anatomy 22 (2009): 200-206.
21. Righetti MA., et al. “Osteoarthrosis: analyse of the molar bite
force, thickness and masticatory efficiency”. Prague Medical
Report 121 (2020): 87-95.

Citation: Marcelo Palinkas., et al. “Crossfit®: An Approach to Bite Force and Masticatory Muscle Thickness". Acta Scientific Dental Sciences 5.12 (2021):
95-101.

Crossfit®: An Approach to Bite Force and Masticatory Muscle Thickness

22. da Silva JM., et al. “Influence of mandibular tori on stomatognathic system function”. Cranio 35 (2017): 30-37.

101

35. Hameed M., et al. “Sarcopenia and hypertrophy: a role for insulin-like growth factor-1 in aged muscle?” Exercise and Sport
Sciences Reviews 30 (2002): 15-19.

23. Lockie RG., et al. “The impact of formal strength and conditioning on the fitness of law enforcement recruits: a retrospective
cohort study”. International Journal of Exercise Science 13
(2020): 1615-1629.

36. Barbalho SM., et al. “Myokines: a descriptive review”. The Journal of Sports Medicine and Physical Fitness 60 (2020): 15831590.

25. de Souza Leite F., et al. “Sarcomere length nonuniformity and
force regulation in myofibrils and sarcomeres”. Biophysical
Journal 119 (2020): 2372-2377.

38. Rocha LC., et al. “Repercussions on sarcomeres of the myotendinous junction and the myofibrillar type adaptations in
response to different trainings on vertical ladder”. Microscopy
Research and Technique 83 (2020): 1190-1197.

24. Sleutjes BTHM., et al. “Impact of stimulus duration on motor
unit thresholds and alternation in compound muscle action
potential scans”. Clinical Neurophysiology 132 (2021): 323331.

37. Barton ER., et al. “Functional muscle hypertrophy by increased
insulin-like growth factor 1 does not require dysferlin”. Muscle
and Nerve 60 (2019): 464-473.

26. Castelo PM., et al. “Masticatory muscle thickness, bite force,
and occlusal contacts in young children with unilateral posterior crossbite”. European Journal of Orthodontics 29 (2007):
149-156.

39. Schlegel P. “CrossFit® Training strategies from the perspective of concurrent training: a systematic review”. Journal of
Sports Science and Medicine 19 (2020): 670-680.

28. Ben-Zeev T., et al. “High-intensity functional training: molecular mechanisms and benefits”. Neuromolecular Medicine 23
(2021): 335-338.

Volume 5 Issue 12 December 2021
© All rights are reserved by Marcelo Palinkas., et al.

27. Ringqvist M. “Fiber types in human masticatory muscles. Relation to function”. Scandinavian Journal of Dental Research 82
(1974): 333-355.

40. Powers SK., et al. “Exercise-induced oxidative stress: cellular
mechanisms and impact on muscle force production”. Physiological Reviews 88 (2008): 1243-1276.

29. Hasegawa K., et al. “Does clenching reduce indirect head acceleration during rugby contact?” Dental Traumatology 30
(2014): 259-264.

30. Leroux E., et al. “Influence of dental occlusion on the athletic
performance of young elite rowers: a pilot study”. Clinics (Sao
Paulo) 73 (2018): e453.

31. Toledo R., et al. “Comparison of physiological responses and
training load between different Crossfit® workouts with equalized volume in men and women”. Life (Basel) 11 (2021): 586.
32. Nalbandian M., et al. “Lactate metabolism and satellite cell
fate”. Frontiers in Physiology 2020 (2020): 610983.
33. Godfrey RJ., et al. “The exercise-induced growth hormone response in athletes”. Sports Medicine 33 (2003): 599-613.

34. Lodjak J., et al. “Insulin-like growth factor 1 of wild vertebrates
in a life-history context”. Molecular and Cellular Endocrinology
518 (2020): 110978.

Citation: Marcelo Palinkas., et al. “Crossfit®: An Approach to Bite Force and Masticatory Muscle Thickness". Acta Scientific Dental Sciences 5.12 (2021):
95-101.

