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General aspects

There is an emerging evidence that SB may be better viewed as a behavior 
instead of a disorder, as commonly believed in the past1,2.

Sleep bruxism (SB) is considered to have a multifactorial etiology, that includes 
currently poorly defined aspects of central nervous system function and 
behavioral factors3. Some motor activities included within the SB spectrum 
could even be physiological or protective. For instance, some studies have 
shown positive correlation of SB with upper airway patency maintenance 
and esophageal lubrication4,5. On the other hand, a number of psychological 
and social factors, among which quality of life (QoL) indicators, stressors, 
mood, sociodemographic characteristics, and sleep conditions, seem to play 
a role in the etiology of additive SB, with possible pathological relevance6,7. 
In children, those issues are not yet fully explored6,7. Thus, the assessment of 
SB yields new challenges for researchers and clinicians in the pediatric field.

In the attempt to get deeper into the complexity of SB phenomena, finding 
reliable methods to quantify the intensity and frequency of masticatory muscle 
activity (MMA) is a compelling need. This issue is particularly important 
in children, since the parental report, which is the most commonly used 
strategy to approach SB evaluation, seems to have a poor agreement with 
quantitative data of MMA8. Nonetheless, such an approach is hard to replace 
for large epidemiological studies and might still be helpful to identify possible 
associated factors, especially as far as the biopsychosocial frame of SB in 
children is concerned.

On the way toward an improvement of knowledge in this field, QoL and sleep 
behaviors are factors that may influence the presence of SB in children. On 
the other hand, the relationship with tooth wear, which has been frequently 
seen as a pathognomonic sign of SB, is still to be elucidated.

Based on these premises, the focus of this thesis was to get deeper into 
the complexity of the above topics, which cover several aspects of the 
epidemiology, assessment, associated factors, and consequences of SB in 
children. The findings will be discussed separately for each topic, based on 
the contents of the chapters.
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Epidemiology

As a first step, a systematic review of literature on bruxism was performed 
to determine the prevalence of SB in children (Chapter 2)9. The search 
identified more than 40 papers dealing with the review topic, but despite 
the apparently overwhelming amount of studies, the quality of the assessed 
investigations was less than optimal. The main concern is the variety of 
criteria adopted to evaluate and/or quantify SB itself and the lack of MMA 
measurement. However, as a common feature, all the studies included in the 
systematic review were based on parental report, by using instruments such 
as interviews and questionnaires.

The high variability in the prevalence of SB in children that was found in 
the systematic review (between 3.5 and 40.6%) prevents from supporting 
any reliable estimate. The key shortcoming, which was strictly related to the 
adoption of single- item parental-reported instruments, was the very low 
specificity for bruxism detection in all studies. Therefore, the internal validity 
of each investigation is poor. Meta- analysis of data could not be performed, 
due to the non-homogeneous methods and different questions that were used 
to collect information in the various investigations. Despite these issues, a 
trend for a decline with age and a lack of gender differences in SB prevalence 
were common findings to all the reviewed studies9.

Such observations are already supported by another systematic review10, 
which also included investigations using single-item questions for the 
assessment of SB.

In the light of the current construct of SB as a behavior1, parental reported SB 
may be considered the mirror of other conditions. Thus, for further studies on 
the epidemiology of SB, it is important to evaluate SB within a multifaceted 
framework and in association with several other conditions, both concerning 
sleep phenomena and clinical disorders.
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Assessment

The measurement of SB is a challenge, both for adults and children. 
Polysomnography (PSG) recordings, obtained in adequately equipped sleep 
laboratories, represent the standard of reference for its quantification4. PSG is 
used for the diagnosis and evaluation of different sleep disorders and behaviors, 
based on the recording of physiological events throughout an entire night of 
sleep, using electrodes and sensors to monitor neurovegetative parameters11. 
However, high economical costs, availability, technical requirements, and the 
lack of validated criteria and indications for use in children12, have limited 
the number of available PSG/SB studies in children8,13. Most data came from 
questionnaires, as discussed above, as far as the findings of the systematic 
review on prevalence are concerned.

Therefore, the objective of the study described in Chapter 3 was to assess 
the validity of parental-reported SB in children by comparing it with PSG, as 
based on criteria available from studies in adults14,15. The correlation of PSG 
recordings with two strategies of parental-reported SB, viz., a single-report 
and a multiple- observation report with a 5-day diary, was evaluated. Good 
negative predictive values (NPV) were found for the multiple-observation 
report, even if only a moderate correlation and agreement were observed. 
The good NPV means that when a multiple-observation report with a 5-day 
diary is negative for SB, such prediction is of good value with respect to the 
reference standard (i.e., actual absence of SB, as measured with PSG). The 
single-report was not correlated with PSG/SB.

An important recommendation for the future is the need to establish PSG 
criteria for SB in children. Emerging data on MMA in adults could help 
refining the SB criteria and expand their adoption to children. On this 
purpose, it must be remarked that, according to the results described in this 
thesis, as well as those from another investigation16, the amount of MMA is 
higher in children than in adults14,15.

Due to the technical and economic difficulties to perform PSG, the adult 
literature describes studies in which some portable devices for EMG recording 
have been compared to PSG for the assessment of sleep-time MMA17,18. In 
those studies, agreement with PSG was acceptable. Since children are less 
compliant to full PSG than adults, portable EMG could be a good option for 
the assessment of SB and MMA in a child’s natural sleep environment. For that 
purpose, it is important to select a portable EMG device that accomplishes 
the objectives of being comfortable for children and easy to set up by parents.
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The single-channel assembly of the GrindCare Measure™ (GCM) 19, that is 
applied on the skin over the right temporalis muscle, may offer advantages 
in terms of children’s compliance, and was thus chosen as the test device in 
the investigation included in this thesis (Chapter 4).

The objectives of the investigation were to determine the night-to-night 
variability of EMG episodes within the five nights of measurements with 
the GCM device and to assess the agreement between the measurements of 
MMA using GCM for five nights and a single-night PSG study.

The EMG detection algorithm was the same as in the original device for adults. 
It compares the EMG amplitude to a threshold level, which is set to 20% of 
the of the maximum voluntary contraction (MVC). Setup of the threshold 
level is done every night before sleep, during which the user is required to 
set the MVC for calibration18. According to the results of the investigation 
included in this thesis, the algorithm was not useful to quantify the EMG 
activity in children, when compared with the PSG results. Such finding may 
be explained with the fact that the GCM uses a single electrode, placed on the 
skin area over the anterior temporalis, while PSG/SB episodes are measured 
in the traces of masseter EMG activity14,15. Obtaining the EMG information 
from two different masticatory muscles could limit the level of correlation 
that can be expected from EMG measurements with GCM and PSG.

To our knowledge, this was the first study that assessed SB with portable- 
EMG in children, so comparisons with similar studies were not possible. New 
projects are necessary to find alternatives to PSG for measuring the frequency 
and intensity of MMA in the sleep environment of children. Strategies should 
be based on the search for EMG normality values for MMA in children and 
the development of a new algorithm for portable EMG devices, which could 
be used in children.

Some authors showed an association of parental reported SB with a decrease 
of stress-related cortisol levels in children20. Thus, as a new challenge to 
improve the knowledge in the etiology as well as the measurability of SB in 
children, a future focus might be the correlation between MMA and all the 
physiological changes that are potentially correlated with SB and with other 
markers of biopsychological conditions, such as cortisol or dopamine levels.
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Associated factors

Many factors have been associated with SB in children. Among them, 
psychological and sleep variables are the most commonly found in the 
literature21,22,23.

Personality and many psychological aspects have been related to QoL and 
SB24,25,26. Colombia is full of nuances regarding the psychological characteristics 
of the population. Many years of violence, war, and drugs-traffic, left deep 
marks in the society and, consequently, QoL of children27. Additionally, 
Colombia is the first country of South America regarding socioeconomic 
inequity (http://povertydata.worldbank.org/poverty/region/LAC). Indeed, 
the society is divided into six layers, according to not only economical income, 
but also cultural, educational, and work opportunities (www.dane.gov.co/files/
geoestadistica; 2013). Thus, Colombian children may be more susceptible of 
having factors associated to SB.

To accomplish the objective of evaluating the association of SB and QoL 
in Colombian children from different social layers, the sample of the study 
included in Chapter 5 of this thesis was stratified according to gender, age, 
and socioeconomic layers. The sample size was calculated based otn the 
data of the Colombian statistics agency (DANE). To improve the internal 
and external validity of the results, compared with previous investigations, 
validated instruments were used, both for the assessment of SB and QoL.

Even though correlations of SB with physical and psychological health, and 
with emotional, social, and school functioning were statistically significant, 
the correlation coefficients were low. This means that statistical significance 
was likely due to the high number of subjects that were evaluated, but true 
clinically relevant correlations were not found between SB and QoL in 
Colombian children.

The results of the study described in Chapter 5 agree with recent findings of 
an investigation in children, which reported no associations between SB and 
sociodemographic conditions as well as between SB and health QoL26. From 
our results, it could be inferred that other factors, different to socioeconomic, 
physical and psychological conditions, must be explored in association to SB., 
to evaluate its role as risk factors for other disorders.

Another issue that was assessed in this thesis, is the relationship of SB with 
sleep behaviors. A study evaluating sleep behaviors of Colombian children 
aged 8- 12 years old from different socioeconomic layers was performed 
(Chapter 6). The assessment was carried out using the Children´s Sleep 
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Habits Questionnaire (CSHQ). In a sample of 1475 children, sleep disorders 
and parasomnias increased with the frequency of parental-reported SB, 
independently on the socioeconomic layer. Significant differences were found 
between children with different SB frequency as for the prevalence of some 
sleep disorders (sleep anxiety, night waking, and sleep disordered breathing) 
and all parasomnias.

Sleep disorders have been previously related to SB in children, as assessed with 
parental report of sleep tooth grinding28,29. More specifically, snoring, mouth 
breathing, and restless sleep, have been described as associated factors for 
SB in children30, which is in agreement with the results of this investigation.

According to the American Academy of Sleep Medicine (AASM), SB is not 
considered a parasomnia related to REM and/or No-REM sleep, but it is 
included in the group of “other disorders” (http://www.esst.org/adds/ICSD.
pdf)28,29. According to the correlations with parasomnias that were found in 
the above investigation, it could be inferred that SB may act as a comorbidity 
or a symptom of parasomnias.

Regarding sleep patterns, features such as having a continuous sleep until 
morning, total sleeping time, time going to bed, and time taken to fall 
asleep, have been observed to be different between subjects with and without 
self-reported SB in adults31 and parental-reported SB in children32. In the 
investigation, those sleep patterns were not related to SB in children.

An association of SB with some sleep disorders and with parasomnias in 
children, was shown in this thesis. The clinical relevance of such association is 
yet to be studied, to clarify if SB is a symptom or a comorbidity of parasomnias 
or sleep disorders.

SB has been correlated to the central nervous system, particularly to 
sympathetic neurotransmission and dopamine levels. Most of the aminoacids 
involved in the production of catecholamines are not produced by the human 
body, but from the food that is ingested33. However, studies evaluating the 
correlation of SB with food containing high content of enzymes that are 
important for the synthesis of dopamine (e.g., tyrosine and tryptophan) are 
scarce34.
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Consequences

Tooth wear has been considered a pathognomonic symptom and/or 
consequence of SB, even in children35,36. The literature commonly suggests 
that the assessment of tooth wear is important to determine the presence of 
probable SB4.

The aim of the investigation described in Chapter 7 was to assess the 
association of dietary habits and parental-reported SB with tooth wear in 
children with mixed dentition. Findings did not show any correlation between 
SB and tooth wear in the mixed dentition. Furthermore, dietary habits appear 
to influence the progression of tooth wear in the permanent dentition, while 
age was the only factor associated with wear of deciduous teeth.

The main clinical implication of these findings is that tooth wear has a 
multifactorial etiology, and is not exclusively related to SB. The inclusion of 
an evaluation of dietary habits in the study protocol led to the suggestion 
that, as a general remark, tooth wear should be assessed within a multiple-
variable framework37. The evaluation of possible causative conditions, such 
as dietary habits, soft-drink intake38,39, and oral habits like tooth grinding40, 
must be performed41.

On the other hand, quality and consistency of food has changed over time, 
becoming more processed and softer than in the past42. There is a need of 
solid and fibrous food to wear the teeth naturally. When the food is not 
hard enough, there might be an insufficient growth of the alveolar base in 
children42. Lacking the adequate stimuli, it has been speculated that arch size 
is not sufficient for the eruption of permanent teeth43. Additionally, in bruxist 
children, the higher muscular activity44 and the supposed tooth wear related 
to SB, could influence the normal development in the palatal shape, which 
has been found to be bigger and wider in children with parental-reported 
SB, compared with children whose parents do not report SB45. Whilst these 
putative associations might also have an ever more plausible explanation 
calling into cause the possible link of SB with respiratory disturbances in 
children with an ogival palate, the argument is surely worthy of further 
investigation.

Despite the amount of literature hypothesizing a correlation of tooth wear 
with SB in children35,36, findings of this investigation diminished the purported 
importance of tooth wear as a marker of SB in children. Nevertheless, this 
investigation also gave additional inputs for providing information to 
parents about the importance of maintaining adequate oral hygiene habits. 
Additionally, the dietary habits should be taken into account in the dental 
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history of every patient as far as an observation of tooth wear is related. For 
further studies, the multiple-variable assessment of tooth wear should include 
the evaluation of ingested medications and reflux disease (GERD).
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Conclusion

Even though the biological, psychological, and social aspects studied in this 
thesis, are the factors that are most frequently related to SB in the literature; 
there did not yield enough elements to suggest that certain sleep behaviors 
or quality of life issues are determinants of the presence of SB in children. 
According to the results of this thesis, there is a need for a better definition 
of the amount of MMA in children. Furthermore, the association of parental 
reported SB in children with sleep disorders and parasomnias deserves to be 
explored in further investigations.
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