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Abstract
Mastication is commonly considered the primary function of the stomatognathic sys-
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bolus is interposed between the dental surfaces, except in the phase of maximum in-
tercuspation. Although mastication is based on an automated muscle activation pat-
tern, it is still a conscious activity. Tooth wear is mostly attributed to abrasion caused
by the hardest components of food or by contaminating abrasive materials, such as
silica or carbonates. The use of teeth as a tool is also considered a common cause of
tooth wear. Differently from mastication, sleep bruxism is an unconscious excursive
movement of the lower teeth, which uses the full length of the dental guiding path,
and is performed with greater muscular force and in the absence of an interposed bo-
lus. Thus, it might result in heavy tooth contact leading to conspicuous loss of dental
material. Since recent modern humans rely on a soft and refined diet, which does not
generally account for tooth wear, the possibility of bruxism as a major factor contrib-
uting to dental material loss should not be dismissed. In this light, tooth wear pat-
terns in modern-day subjects and past populations should be addressed on the basis
of the clinical experience allowing the assessment of bruxism and chewing activities
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in living subjects. In this paper, clinical know-how on bruxism and the resulting den-

information to be integrated into the most common notion of dental wear in anthro-
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Resumen

La masticacion es considerada la funcién principal del sistema estomatognatico y de
los dientes. Estudios realizados en los afios 70 y 80, revelaron que practicamente no
hay contacto dentario durante la masticacion, excepto durante la fase de maxima
intercuspidacion. Aunque la masticacidon se basa en un patron muscular automati-
zado, es todavia una actividad consciente. El desgaste dental es mayoritariamente
atribuido a la abrasiéon causada por los componentes mas duros de la comida o por
contaminacion de ésta con materiales abrasivos como silice o carbonatos. En cambio,
el bruxismo del suefio es un movimiento excursivo, inconsciente, de los dientes infe-
riores, que utiliza toda la longitud de las guias oclusales con mayor fuerza muscular
y sin la interposicion del bolo alimenticio. Por esa razén, puede resultar en contactos
dentales de mayor extension, con el resultado de pérdida de material. Al considerar
los humanos modernos que utilizan una dieta blanda y refinada, que generalmen-
te no contribuye para el desgaste dentario, la posibilidad de que el bruxismo sea el
mayor contribuyente para la pérdida de material dentario no puede ser descartada.
Asi, los patrones de desgaste dentario en sujetos modernos y en poblaciones anti-
guas deberian ser considerados con base en la experiencia clinica del andlisis de las
actividades de bruxismo y masticacién en sujetos vivos. En este articulo se presenta
la experiencia clinica en pacientes con bruxismo y con desgaste dental en socieda-
des industrializadas contemporaneas como una posible fuente de informaciéon que
se debe integrar al analisis del desgaste encontrado en hallazgos arqueolégicos. Rev
Arg Antrop Biol 26(2), 083, 2024. https://doi.org/10.24215/18536387e083
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Chewing is primarily regarded as the main function of teeth, essential for food intake.
However, in humans, the stomatognathic system, of which teeth are a part, performs ad-
ditional crucial functions, such as speech, respiration, bruxism, and contributing to facial
appearance and expression (Slavicek, 2002). The coordination of jaw movements and
mastication is largely developed during the first two years of life (Wilson & Green, 2009).
The chewing cycle begins with a conscious, cortex-controlled pattern, influenced by the
mechanical properties of food (e.g., hardness, toughness, viscosity), followed by subcon-
scious brainstem-controlled actions of the masticatory muscles, tongue, and lips, con-
stantly influenced by sensory inputs (Avivi-Arber et al., 2011). In the frontal view, the path
traced by the lower incisors during the masticatory cycle has a drop-like shape (Fuentes et
al., 2021). This movement pattern is illustrated in Figure 1, based on the actual jaw move-
ments recorded while a patient chews a small piece of apple, using a condylographic
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- 2;%?2;2@3{2 Fortbildungs-GmbH, Wasserzeile 35, A-3400 Klosterneuburg, Austria). This type of in-
B Biolégica vestigation is routinely performed in clinical practice to assess mandibular kinematics

and diagnose dysfunctions. The path traced by the opening movement is typically quite
straight, vertical, or slightly oblique, deviating from the midline toward the working side
midway through the cycle. The food is maintained between the teeth by the tongue,
cheeks (thanks to the buccinator muscles), and lips (through the orbicularis oris muscles),
and is usually chewed alternatively on one side of the posterior dentition. Consequently,
the closing movement starts either to the left or right, depending on the side where the
food bolus is positioned. The closing movement occurs more laterally than the opening,
with some gliding tooth contact before reaching maximum intercuspation, as can be in-
ferred from the tracings in Figure 1. Thus, the power stroke of the chewing cycle is part of
an incursive movement (Slavicek, 2010).

FIGURE 1. Chewing pattern analyzed using a reference point on a lower central incisor traced on
the frontal plane. The mastication pattern follows a drop-like shape: the opening occurs roughly in
the middle of the shape, after which the mandible moves laterally to the bolus side, and closes in an
incursive movement near occlusion.

The inclination of the surface that guides the incursive movement is typically the lin-
gual surface of the upper canines, which is usually the steepest of the upper arch. This
steepness determines the lateral amplitude of the chewing movements, or, in other
words, the width of the drop-like shape traced by the lower incisor during mastication
(Slavicek, 2002). The geometric arrangement of the guidance inclination was first de-
scribed by Slavicek (1984) and is referred to as “Sequential Guidance with Canine Domi-
nance” This term highlights the fact that, in natural dentition, the canine plays a key role
in guiding the lower teeth during the excursive (mediotrusive) movements, allowing the
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canine has the steepest guidance inclination, with an average of 48° measured with the

lower jaw during the opening) and the left orbitale (for more details, see Piehslinger et al.,
1991, 1993). The second steepest guidance inclination is at the first premolar, followed by
the second premolar, first molar, and second molar, with an average 10° decrease in guid-
ance inclination between each tooth. If the guidance inclination is too steep, particularly
if it exceeds the subject’s sagittal condylar inclination (SCI) path, it can cause interference,
creating a fulcrum and inducing an unwanted transversal lateral condylar movement,
known as immediate side shift or Bennett movement (Toubol & Michel, 1983).

Following feeding activities, dental wear is expected due to mastication. Loss of den-
tal material can occur through abrasion, attrition, erosion, or abfraction, as well as chip-
ping of the teeth (Watson & Schmidt, 2020). Archaeological human dental remains show
more dental wear, which is mostly related to the harder and more abrasive diets of past
populations compared to modern ones (Kaidonis, 2008). In contrast, modern popula-
tions in industrialized societies often prepare food extra-orally and cook it, making their
diet approximately 10 times softer than that of hunter-gatherers (Dominy et al., 2008).
This difference in food mechanical properties translates into a generally lower degree of
dental wear in modern societies (Corruccini, 1999). Nevertheless, many recent individuals
still present moderate to severe dental wear, which is often observed in dental practice
(Cunha-Cruz et al., 2010; Smith & Robb, 1996).

In this context, we discuss how bruxism, an important physiological and ubiquitous
function of the stomatognathic system, characterized by strong tooth contact, might be
the primary cause of tooth wear observed in contemporary individuals living in industri-
alized societies. Drawing from clinical knowledge and observations, we aim to contribute
to the ongoing discourse on tooth wear by highlighting bruxism as a significant factor
and examining its effects on the stomatognathic system.

MATERIALS AND METHODS

This review is based on clinical and research studies focused on bruxism and mastica-
tion. The articles were selected based on the reasoning we sought to develop, without
specific limitations regarding publication year or type. The purpose of this article is to
strengthen cooperation between biological anthropologists and clinicians. As dentists,
we believe we can contribute our knowledge of the functions and dysfunctions observed
in our patients to enhance the evaluation of the stomatognathic system and its associ-
ated pathologies. Our experience with living subjects is intended to provide a valuable

contribution to the field of biological anthropology.

RESULTS

Mastication studies

Gibbs and Lundeen conducted extensive experimental studies on mastication during
the 1970s and 1980s (Gibbs et al., 1971, 1981a, 1981b, 1982; Suit et al., 1976; Wickwire et

al., 1981). In collaboration with Messerman (1967), they developed a device called the

BRUXISM AS A CAUSE OF TOOTH WEAR n



» A‘ Revista “gnathic replicator”, which was capable of recording and reproducing the subject’s chew-
Argentina de

» | Antropologia
P Biolégica ments, simultaneously plotted at both the tooth and condylar levels. The recorded data

ing cycles in real-time. This device allowed for the direct recording of mandibular move-

could then be reproduced on an articulator or a sample mandibular model. From these
studies, it was found that the mastication pattern begins with an opening movement to
position the food between the occlusal surfaces of the teeth, followed by an incursive
movement without tooth contact as the bolus is positioned between the teeth, ultimate-
ly leading to tooth contact near maximum intercuspation (ICP) when the food is nearly
comminuted. The recordings of mandibular movements during mastication revealed an
average tooth glide length of 1 mm near the point of ICP (Suit et al., 1976). This suggests
that only a small portion of the canine guiding path, which has the steepest guidance
inclination, is utilised during mastication.

In another experimental study on mastication (Tscharre-Zachhuber & Riedl, 1988), pa-
tients with total prostheses were fitted with full dentures that had different canine guid-
ance inclinations. Their mastication pattern was recorded. The results showed that the
chewing path varied according to the guidance inclination, indicating that the muscular
pattern of each patient adapted to the different full dentures within minutes to perform
chewing movements and avoid unwanted tooth contacts during mastication (Fig. 2).
Given that there is limited tooth contact during mastication, and considering that we do
not use the full extent of the guidance, coupled with the fact that modern human diets
are less abrasive than those of pre-industrial times, one could speculate that bruxism may
play a more significant role than mastication in tooth wear (Sato et al., 2002).

FIGURE 2. Chewing pattern analyzed using the cusp of tooth 44 as a reference, traced on the frontal
plane by the CADIAX 4 condylographer on a sample patient. Throughout the mastication cycle, the
incoming angle is 2° steeper than the upper canine guidance inclination (usually the steepest), indi-
cating that tooth contact is avoided during mastication. If canine guidance is made steeper or flatter,
the muscular pattern changes accordingly, maintaining a freedom space of 2°.
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cal function of the masticatory system (Andrisani & Andrisani, 2021). Polysomnographic
studies have shown that sleep bruxism is always accompanied by cardiac and respiratory
activation, and, most importantly, by activation of brain function. It stimulates the ARAS
(Ascending Reticular Activating System) nuclei, which in turn activate the production of
ARAS neurotransmitters. When bruxism no longer works properly, individuals may be at
risk of developing dementia. Bruxism consists of Rhythmic Masticatory Muscle Activity
(RMMA), resulting in clenching, grinding, and tapping of the teeth, and it can occur dur-
ing wakefulness and sleep. Sleep bruxism is very common, occurring during the most
profound phase of sleep (Lavigne et al., 2008). We unconsciously brux for 45 to 50 minutes
each night, in several separate episodes, with muscular activity reaching up to 223% of
maximum voluntary contraction (Yoshimi et al., 2009).

Homeostasis, a term introduced in the 1930s by the physiologist Walter Cannon, re-
fers to a self-regulating process by which an organism maintains internal stability while
adjusting to changing external conditions. In her 1986 PhD thesis, supervised by Prof.
Rudolf Slavicek (1928-2022), Karin Kail, a psychologist at the Medical University of Vienna,
Austria, proposed that bruxism might serve as a mechanism for humans to release stress,
thus viewing the masticatory system as a fundamental component of the allostatic pro-
cess. Allostasis (McEwen & Gianaros, 2010) is a more recent regulatory model, building
on the concept of homeostasis. This updated concept differs from homeostasis by em-
phasising the role of brain activity in interpreting environmental stress and coordinating
changes in neurotransmitters, hormones, and other mechanisms, including immune sys-
tem regulation. The involvement of the brain allows errors to be remembered and used to
reduce future errors, anticipating needs and preparing to satisfy them before they arise.

According to Sato and Slavicek (2008), emotional and behavioral responses, along
with our most basic instincts, are regulated by the limbic system, the most primitive part
of the brain that we share with other species in the phylum Chordata. The amygdala, a
key component of the limbic system, is responsible for detecting and processing threats
and regulating the body’s response to stress. When stressful events occur, the amygdala
releases hormones that trigger the body’s “fight or flight” response —preparing the body
for survival by increasing heart rate, blood pressure, pupil dilatation, and breathing rate,
all while placing the body in a state of heightened alertness. The amygdala receives sen-
sory input from the mouth and controls the oral muscles. The neocortex, which governs
conscious social behavior, suppresses socially unacceptable or aggressive instincts. How-
ever, if stress is not released immediately through aggressive behavior, then it must be
addressed later through other mechanisms.

Sato’s research team in Japan (Hori et al., 2004; Miyake et al., 2012; Nukazawa et al.,
2018; Ono et al., 2008, 2009; Sasaqguri et al., 2005; Sato & Slavicek, 2008; Sato et al., 2002,
2008, 2010), further investigated the biochemical relationship between stress and brux-
ism using animal models to explore the hypothesis that the masticatory system plays a
role in stress management. Their findings indicated that bruxism-like activity has benefi-
cial effects on stress-induced reactions. These include an increase in the expression of Fos
protein, neuronal nitric oxide synthase, phosphorylated extracellular signal-regulated ki-
nase 1/2, corticotropin-releasing factor, and free radicals in the paraventricular nucleus of
the hypothalamus. The studies also showed changes in the blood neutrophil-to-lympho-
cyte ratio and adrenocorticotropic hormone levels, as well as the formation of stomach
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salivary chromogranin A levels were observed. The researchers concluded that the mas-

control system. This system helps to prevent allostatic overload and reduces the risk of
disease at a somatic level. Bruxism activity regulates not only hormones, neutrophils, lym-
phocytes, free radicals, blood pressure, blood temperature, and blood glucose, but also
influences brain function, particularly attenuating the amygdala activity.

Bruxism as a double-edged sword

Bruxism is considered a necessary physiological function that supports cardiac and
respiratory activities and plays a role in awakening mechanisms (Andrisani & Andrisani,
2021). However, various factors, such as alcohol, drugs, diet, and certain medical condi-
tions, can influence the intensity and frequency of bruxism (Frosztega et al., 2022; Mon-
tastruc, 2023; Ohayon et al., 2001; Toyama et al., 2023). Excessive bruxing forces can lead
to significant tooth wear and other dental issues, such as non-carious cervical lesions
(NCCL), abfractions, enamel chipping, crown failure, tooth sensitivity, and periodontal tis-
sue damage, which may require clinical intervention (Benazzi et al., 2013; Bustos et al.,
2020; Miranda et al., 2017). Sato et al. (2002) emphasised the importance of maintaining
proper dental occlusion to buffer the strain and stress generated during bruxing activ-
ity. They argued that sleep bruxism, being largely involuntary, should be managed by
designing oral rehabilitations that allow for biomechanically efficient occlusion, thereby
minimising the negative effects of bruxism on dental structures.

Unlike mastication, bruxism involves excursive movements with tooth contact, sig-
nificant muscular force, and the full utilisation of the guidance path. Yoshimi et al. (2009)
developed a new system for analysing sleep bruxism, combining a 2-axis accelerometer
with electromyography and encephalography. This system allowed for easy identifica-
tion and quantification of the three basic bruxism patterns: grinding, clenching, and tap-
ping. Their research revealed that grinding and clenching were more predominant than
tapping in a sample of 19 volunteers. Building on Yoshimi’s work, Sugimoto et al. (2011)
investigated the role of occlusion, and specifically of canine guidance, in bruxism activ-
ity. They found a direct correlation between sagittal condylar inclination—the path the
condyle follows on the anterior slope of the articular eminence—and canine guidance:
the steeper the canine guidance relative to the sagittal condylar inclination, the more in-
tense bruxing activity. This led to more grinding behavior and increased cusp abrasion on
the canines, contributing to dental wear. In contrast, subjects with a shallower guidance
inclination relative to their sagittal condylar inclination showed less bruxism activity, with
a predominance of clenching over the grinding pattern and less pronounced wear fac-
ets. These observations on the functional geometry of occlusion and its relationship to
mandibular kinematics offer valuable insights into the effects of bruxism on teeth and the
broader stomatognathic system.

To assess the effects of bruxism in living subjects, it is essential to use proper tools for
objective quantification of bruxing activities. The combined use of polysomnography and
electromyography is considered the gold standard for evaluating sleep bruxism activity
(Manfredini et al., 2014). However, sleep laboratories are not widely available to most cli-
nicians, and these tests can be costly. As a result, many published clinical studies rely on
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leads to a subjective assessment of bruxism.

interposed between two bodies (the opposing teeth), each tooth wears separately. When
the third body is removed, the contact surfaces of the teeth no longer align. In contrast,
when two-body abrasion predominates, which is more characteristic of tooth grinding
(as seen in bruxism) than mastication, the wear facets are well-defined, smooth, and
shiny. This distinct pattern of wear could serve as a feature to help differentiate whether
the wear facets are caused by mastication or bruxism.

Onodera et al. (2006) developed the Brux Checker®, a thin (0.1 mm) polyvinyl foil pres-
sure-formed on plaster casts of the subject’s teeth. The exposed side is tinted with a red
food colorant that peels off when it comes into contact with opposing teeth (Fig. 3). This
innovative tool has revolutionized the study of bruxism because it is effective, inexpen-
sive, and most importantly, it objectively shows the bruxism pattern of the subject, even
if the patient is unaware of their bruxing activity. The Brux Checker® revealed that nearly
100% of the subjects exhibit some form of bruxism. More importantly, the tool can detect
the type of bruxism activity and identify the occlusal surfaces engaged during bruxing. It
allows for the measurement of the extent of the tooth contact points and grinding areas,
either from 2D images (i.e., photos) or, more accurately, through a 3D surface scan of the
Brux Checker®. With this tool, it is possible to differentiate between “old” wear facets that
are no longer in use and current wear facets still being used. Additionally, new grinding
areas which have not yet formed visible wear facets can be identified. The Brux Checker®
thus provides an objective and comprehensive functional evaluation of the occlusion in
relation to bruxing activities.

FIGURE 3. Occlusal view of a Brux Checker® after one night of use, showing the contact areas and
the patient’s bruxism activity pattern. The red colour of the 0.1 mm polyvinyl foil is removed by tooth
contact during sleep bruxism, objectively demonstrating how the patient uses their occlusal surfaces.
The correctness or absence of a guidance system can be easily assessed.
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generalized toothache, and TMJ pain. The anterior teeth showed significant structure
loss, to a point where the pulp was compromised in one of the lower incisors (Fig. 4).
She reported consuming a “regular” 21st-century diet. The use of the Brux Checker® con-
firmed intense bruxing activity, indicating that the majority of her tooth wear was likely
caused by bruxism.

Interestingly, the patient presented both torus mandibularis and torus maxilaris. The
formation of a torus mandibularis is typically considered a result of overload on the man-
dibular bone (Park & Ahn, 2020). A Paleodontology study on 48 crania from Viking Age
Icelanders older than 1,140 AD (Richter & Eliasson, 2012), found that 50% of the cases
exhibited torus mandibularis. This type of mandibular bony growth has been linked to
bruxism activity and a particular occlusion characterized by group function during lateral
movements. In such oclussions, disocclusion is guided by the posterior teeth rather than
solely by the canines (Park & Ahn, 2020).

FIGURE 4. Intraoral photographs of a 38-year-old female patient showing severe dental abrasion, as
well as the presence of torus mandibularis and torus maxilaris.

Based on these clinical observations, as well as supporting information from the an-
thropological literature, it was hypothesized that the patient was generating significant
intense occlusal forces due to bruxism. Furthermore, an examination of the patient’s oc-
clusogram waxes (Fig. 5) confirmed that she exhibited group function in lateral move-
ments, as well as simulated (voluntary) awake bruxism activity. This comprehensive as-
sessment helped corroborate the idea that bruxism was a significant factor contributing

to the patient’s dental issues.
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FIGURE 5. Occlusogram waxes are 0.3 mm-thin wax sheets used to evaluate occulsal dynamics. The
patient bites in maximum intercuspation (ICP) to establish a baseline record, followed by using new
wax sheets to register each excentric movement with tooth contact, starting from ICP. This tool is
highly effective for clinically assessing dynamic contacts during protrusion, right (R) mediotrusion,
left (L) mediotrusion, and bruxism (grinding).

CONCLUSIONS

Bruxing activity is a physiological phenomenon, and thus it is reasonable to assume
its presence in past populations, contributing to overall dental wear through attrition.
However, current methods for assessing attrition specifically caused by bruxing activities
in skeletal remains are not part of the anthropologist’s toolkit. Investigating the contri-
bution of bruxism to dental wear in archaeological human remains could reveal valuable
insights into the lifestyles and stress levels of past populations.

We propose that close collaborations between clinicians and biological anthropolo-
gists could greatly enhance the understanding of this aspect of dental wear. Techniques
such as Occlusal Fingerprint Analysis (Kullmer et al., 2009) and micro-abrasion studies
could be applied to assess whether occlusal wear facets result from two-body or three-
body abrasion mechanisms. Moreover, comparing findings from Occlusal Fingerprint
Analysis with a Brux Checker® on the same patient could provide both qualitative and
quantitative data on wear facets.

The functional interpretation of dental wear patterns could yield a deeper under-
standing of how bruxism reshaped the occlusal surfaces of dental crowns. Such research
might also offer further insights into the life histories of past populations by estimating
potential stress levels they experienced.
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