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Introduction
I practiced dentistry for over 30 years and saw many changes occur. From restorative materials to the
digital age of images, videos, and impressions, I realized that almost everything I had learned in dental
school in the 80’s was obsolete.
One area, however, that remained the same, was in diagnosing and treating patients who were grinding
and clenching their teeth into oblivion. Conventional night guards, whether upper or lower, look
virtually the same as what I learned in dental school.
I spent my career treating jaw pain and sleep disorders. I had a steady referral base from medical
doctors and dentists and this made up a significant part of my day. I enjoyed treating these patients but
felt limited in what was available for this. I followed these patients for years and discovered that:








I spent a great deal of time educating them
Many did not proceed with treatment due to indecision or disbelief
The ones that did, experienced short term relief but often relapsed within months
Many patients developed cracks in their splints or broke pieces off while sleeping
Some patients did not respond at all or only for a short time
I was replacing appliances, adjusting appliances often with little result seen. Some patients
required 2-3 appliances per year due to extreme wear or breakages.
Some patients would wear their appliances day and night like a crutch, some even attempted to
eat with it in

Many dentists can relate to this. The issue is not with the treating dentist’s skills, nor is it with the
patient’s compliance. The issue is that conventional splints simply do not treat bruxism, they only
provide protection. You may be asking, isn’t that all there is to it? Protection of the teeth? Actually,
there is much more to it than this. Please read on…
Dr. Ken Luco
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What exactly is sleep-related bruxism?
If you do a Google search using the term sleep bruxism, more than half the results will direct
you to simply “bruxism”. There actually are two distinct and different forms of bruxism. The
first is awake bruxism, occurring when one is awake and sleep-related bruxism, occurring
during sleep. Your dental education likely had nothing on this. Mine certainly did no.
The World Health Organization publishes a classification for every disorder called ICD-11 or the
international classification of diseases, revision 111. The Center for Disease Control uses this
classification but add clinical modifiers to it, to tailor it for the US more precisely. What is
apparent in ICD-11 is that they classify awake and sleep-related bruxism completely differently.

What is apparent WHO’s classification of awake bruxism1, they differentiate between awake
and sleep bruxism and describe two distinct circadian manifestations. When we look at the
classification for sleep-related bruxism, it is much different.
In the WHO classification of sleep-related bruxism, the classification is much more precise. It
falls under sleep-wake disorders, as does sleep apnea and insomnia, under sleep movement
disorders, as does restless leg syndrome, and finally in its own category of sleep-related
bruxism. SRB can be quite variable between patients and may be latent, activated later in life by
a medication or trauma.
Sleep-related bruxism is characterized by bursts of muscle activity during sleep where the
masseter and temporalis muscles exhibit amplitudes of > 10-20% greater bite forces that can be
generated while awake. They may be repetitive or sustained contractions. There are three
different types of sleep-related bruxism (SRB) that can be seen on a sleep study to describe this.
Phasic SRB
This is characterized by repetitive muscle contractions well outside of the normal range 2,3. This
is the most commonly seen type of SRB by far, and is associated with side to side or front to
back grinding of the teeth. Phasic SRB creates a loud and irritating sound as the teeth are
forcibly ground together. This is the type that causes the dental damage and skeletal changes I
will discuss later. Figure 3 is a sleep tracing demonstrating Phasic SRB. Note the appearance of
many very short contractions as is seen in grinding.
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Figure 1: Phasic SRB

Tonic SRB
This is characterized by sustained contractions during sleep. I have recorded these events
lasting much longer than 15 minutes in length. Tonic SRB is associated with headaches and jaw
pain, as well as cracked tooth and roots of teeth and failure of dental implants. Figure 4 shows a
sleep tracing of tonic SRB. It is much more even than phasic as is seen with clenching of the
teeth. In the Who classification, they state for tonic, the contraction must last at least two
seconds. I have recorded these events lasting hours.
Figure 2: Tonic SRB

Mixed SRB
Mixed SRB is exactly as it sounds; it has characteristics of both phasic and tonic SRB. In figure 5,
there are characteristics of both phasic and tonic SRB termed mixed. The first half is phasic, the
middle tonic and end phasic.
Figure 3: Mixed SRB
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Figure 4: Sleep tracing demonstrating SRB
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Figure 4 the left sleep tracing is of normal sleep. You can see tracing A is quite even, but still there is background muscle
activity or muscle tone (tracing A). The tracing has dotted lines that designate the range of amplitude that is considered
normal. Respiration in tracings B and C and appears regular and even. Tracing E is heart rate and is constant between 72
and 74 bpm. The tracing on the right is of sleep-related bruxism events in the same patient. The amplitude can be seen
to be much greater than in the normal tracing. Respiration is also faster and more erratic. Tracing E is interesting as the
SRB events trigger a significant increase in heart rate, from 54 bpm to 97 bpm, an increase of almost 80%. Notice that
the increase has a very rapid onset and falls back to normal just as fast. Only significant SRB events have this effect.

Figure 4 is two sleep tracings, one of normal sleep and one of SRB. Awake bruxism does not
affect breathing or heart rate. More on this to come later…

Epidemiology of SRB
SRB occurs in all age groups, equally between men and women. It runs in families suggesting a
genetic component. In adults, it occurs in at least 10-12% of the adult population, likely higher.
We are talking about millions of people with this condition in North America, the vast majority
untreated. Most dentists can relate to families of grinders, from infants to the seniors.
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What part of sleep does SRB effect?
SRB is a true sleep-wake disorder, occurring in stages N1 and N2 (stage 2 and 3 of the old sleep
classification) and is associated with sleep arousals. Many SRB patients report fatigue and
Epworth Sleepiness Scale scores of 4-9 are common (for comparison, mild OSA is 5-15 on the
ESS).
Figure 5: Hypnogram of SRB

Figure 5 is a hypnogram of when SRB occurs, primarily in N1 and N2 of sleep.
The associated sleep arousals take the patient into shallower sleep with every
SRB event and explain the associated fatigue with SRB.

The Genetics of SRB
We have all seen families of grinders, from the grandparents, right down to the 2 year olds. One
would suspect a genetic link and that is exactly what has been found.
On Chromosome 13, a gene called the HTR2a gene has been found to be present in multiple
copies, termed a polymorphism in SRB patients. This gene produces a protein that folds and
becomes a receptor in the central nervous system. This is expressed in the brainstem as well as
in the stomach lining (increased acid production). HTR is the abbreviation for serotonin, a
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neurotransmitter and the 2a refers to it producing an inhibitory receptor (there is a 1a receptor
that is excitatory). The polymorphism in the HTR2a gene results in an excess of inhibitory
receptors being present for serotonin making SRB patients serotonin sensitive4. You will see
later on how this relates to SRB.
There are studies that have found other
mutations including the DDR3 gene5 (dopamine
receptors), which has been implicated in
patients suffering from both awake and sleep-related bruxism as well as other mutations, not
yet fully understood. The D1, D2, D3, and D4 dopamine receptors are involved in motor
function and may play a role in activation of the sleep bruxism events through central pattern
generators in the upper brainstem6, 7.
Latent vs. Active SRB
Gene activity can be latent or active. Latent genes may be activated under certain
circumstances, by regulator genes specific for that gene.
Similarly, SRB may be latent or active. Latent SRB may stay this way for some time, until being
activated by a trauma such as:






A sports injury to the jaws
A motor vehicle accident
An excessively long dental appointment
A complicated extraction
And many other similar situations involving the jaws.

Active SRB starts in young infants where over 20% of infants show signs of SRB. More than 50%
of these infants will continue SRB for life. The remainder will likely become latent. Latent SRB
patients can be activated by certain medications as well, which I will discuss later.
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What are the signs and symptoms of SRB?
The two most commonly reported symptoms by patients are headaches, on waking or later in
the day and teeth that are sensitive to temperatures, especially cold. The tooth sensitivity can
be severe, limiting foods to room temperature to slightly warm. The headaches can be either
tension or migraine (without auras) in type, which I will discuss in more detail later on1.

The effect on the dentition
Excessive Tooth Wear
Excessive tooth wear (figure 6) occurs due to phasic events. SRB is also associated with GERD
(gastroesophageal reflux disorder) or acid reflux during sleep. The hydrochloric acid enters the
mouth softening the enamel. The SRB phasic grinding rapidly wears the soften enamel. The
worn teeth are often very sensitive, due to the enamel loss and dentin exposure.
Figure 6: Excessive or premature tooth wear

Abfraction Lesions
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Abfraction lesions are caused by phasic side to side SRB (no, these are not caused by heavy
handed tooth brushing or hard tooth brushes!!!). The characteristic notch at the gumline is an
adaptive response to the rocking of the teeth, reducing the risk of a crown fracture (Figure 7).
These lesions can be very sensitive to temperatures and to touch. Interestingly, when there is
only 0.5mm of root exposure and early abfraction formation, the teeth are at their most
sensitive. Advanced abfraction lesions, such as in Figure 7, are usually not as sensitive.
Restoration of the these areas in an un-treated SRB patient will often result in the fillings falling
out or margin staining as the bonding agent breaks down under the recurrent heavy loading of
the teeth. If extreme, the abfraction lesion may reach the pulp of the tooth resulting in pulpal
necrosis.
Figure 7: Abfraction Lesions

Premature Failure of Dental Restorations
Premature failure of dental work is also common in SRB patients (Figure 10). We all have seen
the patient who can destroy our best work within a few weeks and claim they didn’t eat
anything hard.
SRB forces far exceed the modulus of compression and flexion of all known restorative
materials, except gold. SRB patients have a much higher risk of damaging their restorations.
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Figure 8: Pre-mature failure of restorations

Fractured Teeth
Fractured teeth are also very common and occur to varying degrees. Figure 9 shows severely
fractured teeth, teeth that have been split. Tonic SRB can cause these fractures with sustained
extreme vertical pressure that exceeds the strength of the tooth. Note that neither had been
previously restored nor are carious.
As you know, vertically fractured teeth are very difficult to manage clinically and often require
removal. They are also very painful to chew on! Both of these teeth require immediate
removal.
Figure 9 Fractured teeth

Root Fractures
Root fractures can occur with phasic SRB, usually when there is a malocclusion present with
uneven bite forces. Teeth can fracture in a number of ways (figure 10), all with a guarded
prognosis, at best.
Copyright © 2020 Dr. Ken Luco. All rights reserved. No part of this document may be reproduced by any means, mechanical, electronic,
imaging, recording or otherwise without prior written permission of the publisher (Dr. Ken Luco).

Page 10
Figure 10: Root fracture

In Figure 10, the left radiograph is of one of my patients, a 36 year female, who woke with her
upper right lateral incisor feeling very loose. The radiograph clearly showed a root fracture and
tooth was removed. She had a history of untreated SRB. The right images detail some of the
more common types of root fractures.
Endodontically treated teeth (Figure 11) are especially prone to cracking in SRB and early
placement of a crown is imperative. Sometimes, the roots will fracture in spite of a crown.
Figure 11: Fractured root, endodontically treated
tooth

Fractured Implants
Studies have shown that SRB forces are strong enough to fracture dental implants 9. Some
researchers suggest SRB as a contra-indication to Implants (Figure 12).
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Figure 12: Fractured dental implant

Peri-implantitis
Another serious complication of SRB is the development of peri-implantitis10,11, the equivalent
of periodontal disease of the teeth. Figure 13 shows the upper right 1st bicuspid implant
demonstrating angular peri-implantitis on both mesial and distal.
Figure 13: Peri-implantitis

Fracture of Ceramic Crowns and Bridges
Ceramic crowns and ceramic bridges can fracture, as well as porcelain can be fractured off of
fixed bridges (figure 14). This can result in a costly replacement or challenging repair.
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It is usually tonic SRB that causes fracturing of bridges, however phasic produces forces high
enough to fracture ceramic crowns and bridges12.
Figure 14: Fractured porcelain on fixed bridges, ceramic crowns

There are also a number of bone changes that occur from SRB. We are familiar with most of
these.

Mandibular and Palatal Tori
Mandibular and palatal tori have been shown to be caused by SRB13, 14. Mandibular tori form
due to twisting of the mandible under strong phasic unilateral and bilateral contractions. When
the masseter contracts unilaterally, there is a twisting type force. The region of the mental
foramen is a weak point in the mandible and the body lays down bone to “reinforce” the
mandible.

Palatal tori develop due to compression of the maxilla superiorly. The nasal septum lies in the
midline of the palate, along the midpalatal suture. The excessive compression of the masseter
and temporalis muscles place considerable force on the palate through the teeth. This places an
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indirect pressure on the nasal septum. In response, bone is formed along the suture, to accept
this force and re0driect it proximally. Over time the tori can become quite large and may
restrict the space occupied by the tongue (think of sleep disordered breathing and crowded
tongues). Figure 15 demonstrates mandibular (left) and palatal (right) tori.
Figure 15: Mandibular and Palatal Tori

Radiographic Findings for SRB
If you have a panorex in your office, you have been looking at signs of SRB for years. The
excessive forces exerted during SRB events over time causes irreversible changes to the
mandible.
Antigonial Notching of the Mandible
The left image in Figure 16 is of a “normal” jaw. The lower border of the mandible is fairly
straight and the hyoid bone is superimposed over it. The right image shows a deep bend in the
antigonial region under the molars and the hyoid bone is less visible. This is termed antigonial
notching and has been considered a congenital deformity and was associated with disorders of
the TMJ such as ankylosis. Of note, in OSA, the hyoid bone also cannot be visualized on a
panorex.
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Figure 16: Antigonial Notching

If you consider the location of the masseter muscle (and medial pterygoid medially), excessive
or extreme compression of the masseter deform the mandible this way. The images of the
masseter in Figure 16 (right) illustrate this.

Coronoid Elongation
The temporalis muscle is also involved in SRB and often causes another significant and
irreversible bone change, coronoid elongation (Figure 17).
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Figure 17: Coronoid Elongation

The panorex on the left displays normal height of the coronoid process (orange hatched line
intersects center of condyle). The right displays coronoid elongation. The attachment of the
temporalis muscle is to the coronoid process. In SRB, the excessive muscle pressure is not
restricted to the masseter; the powerful temporalis is also affected. The excessive forces, over
time, result in elongation of the coronoid process. In severe cases, the patient loses lateral
mobility as the coronoid process collides with the zygomatic arch.

Calcification of the Styloid Bone / Stylomandibular Ligament
Another common finding on a panorex, which is related to SRB, is calcification of the styloid
process / styloid mandibular ligament, known as coronoid elongation. This has been previously
been attributed to traumatic scarring, or complications post tonsillectomy, or other throat
surgeries. It has even been attributed to age and gender! Resent research has attributed this
condition to SRB and is often seen in varying degrees on SRB patient’s radiographs.
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Figure 18: Calcifications of the styloid process

The left image in Figure 18 shows a normal styloid process whereas the right image shows a
very elongated and calcified styloid process. In severe cases, it will fuse to the angle of the
mandible resulting is restrictions in mobility. Some patients will exhibit a cough reflex when
they turn their head to the side, as impingement of airway occurs.

Deviation of the nasal septum
Deviation of the nasal septum has also been shown to be related to SRB. If the forces discussed
for palatal torus are considered, in some individuals, instead of a torus developing, the nasal
septum bends, resulting in a deviated septum. I was presenting a talk to the ENT group at the
local hospital and after the talk, the head of the ENT department came up to me and said that
this was the best explanation for deviated septum he had heard and explained why some
patients required repeated surgeries to correct this. Figure 19 shows a deviated septum on a
panorex.
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Figure 19: Deviated Nasal Septum

Hypertrophy of the masseter and temporalis muscles
With the “extreme exercise” of the masseter and temporalis muscles receive each night with
SRB patients, hypertrophy is common and expected. Figure 20 shows masseter hypertrophy
associated with SRB.
Figure 20: Hypertrophy of the Masseter

Figure 21 shows examples of 2 of my patients who developed masseter hypertrophy
from years of SRB. This is more common with tonic SRB patients.
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Headaches
Tension-Type Headaches and SRB
Tension type headaches have been known for years to be related to the muscles of the head
and neck regions. The upper shoulder and cervical muscles are accessory chewing muscles and
contract when chewing. In pathology all of these muscles are involved.
Before I can discuss the relationship of SRB to tension headaches, I must first explain about a
very important cranial reflex involved. I am referring to the masseter inhibitory reflex or MIR.
This is a protective reflex and has two distinct phases. The afferent to this reflex is the
periodontal ligaments of the 1st bicuspids and the cuspids (and to a much lessor effect, the
incisors). The molars and 2nd bicuspids are not involved in this reflex.
If you are chewing a soft food, and unexpectedly bite into a hard object, you immediately stop
chewing. You remove the hard object and resume chewing, slowly at first and then normally.
This is the MIR in action.
The MIR is comprised of a stimulus, biting into something hard unexpectedly, and 2 phases of
suppression termed “exteroceptive suppressions” because they occur away from the source.
We abbreviate them ES1 and ES2 (exteroceptive suppressions 1 and 2) for the two phases
(figure 21).
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Figure 21: The Masseter Inhibitory Reflex

The ES1 phase originates in sensory nerves in the periodontal ligaments of the teeth (cuspids
and 1st bicuspids) as well as the body of the mandible and the mental nerve. When the stimulus
occurs, an impulse is sent via ES1 through the trigeminal or Gasserion ganglion, down to the
ipsilateral trigeminal sensory nucleus, and over to the ipsilateral first inhibitory control nucleus
(1IN) in the pons (orange arrows). This sends an inhibitory signal to the ipsilateral masseter and
temporalis muscles via the ipsilateral trigeminal motor nucleus, preventing contraction. This
takes around 10ms and is unilateral, affecting the muscles only on the side stimulated
The ES2 phase originates in muscle spindle fiber sin the masseter muscles. The ES2 phase
begins at the same time as ES1 however it travels further down in the pons (blue arrows). It
follows a similar pathway as ES1 except it innervates the second inhibitory nucleus, bilaterally.
The second inhibitory nucleus sends bilateral inhibitory signals to both the left and right
trigeminal motor nuclei, inhibiting both left and right masseter and temporalis muscles. The
ES2 phase takes 40-60ms to occur (Figure 20).
ES1 and ES2 continue firing until the stimulus is removed from the mouth.
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On an electromyography (EMG) recording , the phases appear as in figure 22.
Figure 22: The ES1 and ES2 phases of the MIR

Masseter muscle activity

The ES1 phase is seen immediately after the stimulation lasting 10ms. The ES2 phase occurs
immediately after, lasting 40-60ms. As mentioned, the ES1 is unilateral whereas the ES2 is
bilateral. The time delay is due to the ES2 phase travelling a longer distance.
SRB affects the MIR significantly. The HTR2a polymorphism and increased sensitivity to
serotonin seen in SRB patients underlies this. The inhibitory nuclei of the MIR have been shown
to contain many receptors for serotonin and in SRB, the inhibitory receptors are in great
numbers. This directly affects the MIR by suppressing it. Figure 23 shows the tracings for
normal, mild, moderate and severe SRB and the effect on the MIR.
Of note, in mild SRB, the ES2 phase is shortened from 40-60ms to 15-20ms and the ES1 phase is
unaffected. In moderate to severe SRB, the ES2 phase is absent and the ES1 phase is shortened
to 4-6ms. This offers little or no inhibition of the masseter and temporalis muscles.
This is the reason that SRB exhibits burst significantly greater than can be generated while
conscious. Awake bruxism occurs within the normal range and has no effect on the MIR.
I should point out here that there is also a temporalis inhibitory reflex with ES1 and ES2 phases
similarly affected in SRB, but much less studied. It is involved more with migraine type
headaches.
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Figure 23: SRB's effect on the MIR

In Figure 23, the mild SRB results in shortening of the ES2 phase from 40-60ms, to 15-20ms. In
moderate to severe SRB, the ES2 phase is completely missing and the ES1 phase is reduced
from 10ms to 4-ms.
As you can see, SRB has a profound effect on the MIR. Reduction of this powerful protective
reflex accounts for the unbridled extreme forces seen in SRB that are characteristic of this
condition and the damage caused to the teeth and jaws. The afferent input is being sent
normally but is not being acted on. Damage to all affected structures in inevitable.
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Headaches are one of two most commonly reported symptoms of SRB, usually in the temple
region and may occur while sleeping, upon waking or later in the day. They range from
infrequent mild to constant severe. Interestingly, they are more severe in mild to moderate SRB
than in severe SRB. Tension headaches are the most common type of headache occurring in 3078% of the population15!
Myofascial trigger points have been researched exhaustively and Figure 24 displays the
textbook pain referral patterns for the masseter and temporalis muscles. Both refer pain the
temple region as well as to the dentition. This is a significant cause of headaches in SRB as well
as tooth pain, jaw pain, and tooth sensitivity.
Figure 24: Myofascial trigger point referral patterns

What has surfaced in the last few years is the effect on the MIR that tension headaches exert.
This commonality with SRB is significant as the relationship is very strong between the two.
Figure 25 is an EMG tracing of the MIR in a patient with a tension headache. The ES2 phase of
the MIR is reduced from 40-60ms to 5-8ms. The ES1 phase is minimally affected. This is very
similar to the tracings in Figure 23, of SRB.
Figure 25: Tension headaches effect on the MIR

This relationship and common effect on the MIR strongly imply a cause and effect relationship
between SRB and tension headaches.
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Migraine-Type Headaches and SRB
Migraine type headaches are also associated with SRB and affect the ES2 phase of the
temporalis inhibitory reflex (TIR). The TIR works with in conjunction with the MIR resulting in
loss of inhibition of the temporalis muscle. Only migraines without auras have been associated
with SRB and affect the TIR and have been associated with SRB16.
Since SRB, tension type and migraine type headaches are all related through sensory input from
the teeth, jaws affecting inhibitory reflexes, it would stand to reason that there should be some
treatment that can address all three conditions. Now we will look at how SRB affects heart rate
and respiration.

The Trigeminal Cardiac Reflex (TCR)
I alluded to the increase in heart rate blood pressure associated with SRB earlier (figure 6). This
is the most significant effect of SRB and is due to stimulation of the most powerful of the cranial
reflexes, the trigeminal cardiac reflex or TCR. The TCR affects the central nervous system
directly, particularly the autonomic nervous system.
The TCR was first described as the diver’s reflex. When a diver dives into cold water their heart
rate and blood pressure rapidly fall, conserving oxygen, allowing the diver to stay under longer.
This occurs in all mammals and whales and seals use this to advantage.
A stimulation occurs via the trigeminal nerve (hence the name) and acts via cranial nerve ten,
the Vagus nerve, to alter heart rate, blood pressure, respiration and gastric motility. It may be
stimulated externally on any of the three branches of the trigeminal or internally, on the
trigeminal sensory pathway in the brainstem (pons).
The TCR is actually made up of a group of cranial reflexes that have other subgroups. The main
groups are:






The occulo-cardiac reflex (parasympathetic stimulation)
o Pressure on or around the eyeball produces a strong parasympathetic stimulus
o Bradycardia, hypotension, apnea, changes to gastric secretions
The naso-cardiac reflex (parasympathetic stimulation)
o Local anesthetic up the nose can trigger this, surgery in the nose triggers a strong
parasympathetic stimulus
o Bradycardia, hypotension, apnea, changes to gastric secretions
The Gasserion ganglion Reflex (sympathetic stimulation)

Copyright © 2020 Dr. Ken Luco. All rights reserved. No part of this document may be reproduced by any means, mechanical, electronic,
imaging, recording or otherwise without prior written permission of the publisher (Dr. Ken Luco).

Page 24







o Direct stimulation of the trigeminal ganglion, sleep-related bruxism produces a
powerful sympathetic affect
o Tachycardia, hypertension, hyperpnea and GERD
The maxillo-mandibular reflex (parasympathetic stimulation)
o Surgery involving the maxilla or mandible can produces a strong
parasympathetic stimulus
o Bradycardia, hypotension, apnea, changes to gastric secretions
The central reflex (parasympathetic stimulation)
o Direct stimulation of the brainstem, usually during surgery in the region
produces strong parasympathetic stimulus
o Bradycardia, hypotension, apnea, changes to gastric secretions
The brainstem reflex (parasympathetic stimulation)
o Direct stimulation of the region, usually during surgery in the area produces a
strong parasympathetic stimulus
o Bradycardia, hypotension, apnea, changes to gastric secretions

Of note, stimulation at the level of the Gasserion ganglion internally is the only region that
produces a sympathetic response (Figures 26, 27).
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Figure 26: The Trigeminal Cardiac Reflex
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Figure 27: The Recognized Types of the TCR

Figure 27 is a breakdown of the branches of the TCR taken from Meuwly et al. In this paper they
included the Gasserion ganglion stimulation where sleep bruxism occurs. The previous
descriptions did not.
A recent study found that when endodontic procedures where completed on 1 st bicuspids and
cuspids, there was a powerful parasympathetic response seen. It was attributed to a variant of
the maxillo-mandibular reflex as a variant of the TCR17.
Another study looked at the photic sneeze reflex, where looking at a bright light makes one
sneeze (this happens to me!), and attributed it to the occulo-cardiac reflex as a variant of the
TCR18.
SIDS has also been attributed to a failure of the immature TCR in infants19, where breathing just
stops. I lost a younger brother to this condition when I was a toddler, who I never knew.

SRB’s effect on the TCR
SRB activates the TCR at the level of the Gasserion ganglion which produces a sympathetic
stimulation, opposite of the other reflexes. It is medically accepted that there must be a change
of greater than 20% in heart rate before one can state the TCR was involved. In SRB the
increase is in the order of 75-125% regularly indicating that SRB doesn’t just stimulate the TCR,
it hyper-stimulates it20, 21. As noted in Figure 3, SRB causes a rapid increase in heart rate that
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increases heart rate by 80% or more. A cardiologist who read one of the papers I published on
this contacted me and told me that SRB doesn’t just stimulate the TCR, it hyper-stimulates it.
Restless leg syndrome, which also sympathetically stimulates the TCR, only increases heart rate
by 30-35% and it has been listed as a risk factor for cardiovascular disease.
One recent study looked at the increase in heart rate associated with SRB to determine if spikes
in heart rate could be used to diagnose SRB and they found a very strong correlation, showing
that heart rate increases much greater than 20% and SRB occurred together almost exclusively
and this could be used as an accurate predictor of SRB22.
There are studies and articles linking SRB to hypertension and atrial hypertension22-24, which
stands to reason. If heart rate and blood pressure are increasing and decreasing all night long,
this cannot be good for the heart or the kidneys. Damage to the a finest arterioles in the
kidneys results in decreased control of electrolytes and blood pressure. Increase cardiac output
causes atrial hypertension and enlargement of the left ventricle. SRB causes intermittent atrial
hypertension with each event. Antihypertension medications do not treat SRB and have
unpredictable results in reducing the atrial hypertension associated with SRB.
At this point, I think I have made the case the awake bruxism and sleep-related bruxism are
completely and totally unrelated, with SRB being a serious disorder with potentially serious
cardiovascular consequences, if left untreated. As I stated at the start, SRB affects 10-12% of
the population. If 10-12% of the population is at increased risk of atrial hypertension due to
SRB, we need to treat it. Now! And with it being a dental condition, are we as a dental
community doing our part to identify and treat these at risk patients?

Diagnosing SRB in your Practice
The American Academy of Sleep Medicine in their publication “The International Classification
of Sleep Disorders” or ICSD2 state that there are three levels of diagnosis: possible, probable,
and definite.
Possible relates to the patient coming to you stating they think they grind or clench in their
sleep or have been told they do by a bed partner.
Probable relates to the patient report and clinical signs such as tori formation, antigonial
notching, abnormal wear of the teeth, etc.
Definite relates to the patient report, the clinical findings and an overnight sleep study with
EMG recording including audio and/video and is considered the gold standard.
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They also state that a probable diagnosis is sufficient to make the diagnosis as most dentists are
not equipped with home sleep study equipment.
Another adjunct that you can easily use clinically is called the “mandibular tremor test”. Ask the
patient to protrude their jaw forward until their incisors are edge to edge (Figure 28) . Ask them
to gently hold this and let you know if their jaw begins to shake. It can take up to 45 seconds so
have them, maintain this position at least this long. Many will report the tremor within 10
seconds. This is a 100% positive finding for SRB and should be recorded in their file if positive.
Figure 28 the mandibular tremor test for SRB

Conventional Treatment of Bruxism
Conventional bruxism appliances, whether upper or lower (Figure 29), actually increase SRB27. I
have completed two-night home sleep studies with many patients, first night with nothing,
second night with their night guard. There is always an increase in SRB on the night the
appliance is worn. More alarming is that in many cases, upper night guards can actually affect
the airway, triggering obstructive sleep apnea, seen as an increase in their AHI score! Neither
addresses the TCR activation, the heart is racing away all night long, more so when the devices
are worn. So why are convention night guards still being taught in dental schools and used by
the vast majority of dentists when they are not treating the condition? I have no answer for
this, the research is out there.
Figure 29 Conventional Night Guards

Physiotherapy, chiropractic, hypnosis have all been tried but fail to treat SRB.
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Medications have been trialed and clonidine27 (a potent hypertensive) was anecdotally shown
to reduce the SRB when administered. Great if you need this medication and have SRB. Not so
great for the rest of us, where clonidine can cause your blood pressure to go so low, you pass
out. Needless to say, it has not received the FDA nod as a valid treatment of SRB.
Botox has been touted as a treatment for SRB by reducing the bite force. This does work
temporally, but must be re-administered 2-3 times a year. For life. The procedure is not
comfortable (I am Botox certified and have used it for this in the past) and expensive. Some
patients can become sensitive to this over time with diminishing results and there are rare
hypersensitivity reports. I have seen one sensitivity reaction and it is disturbing as there is no
way to reverse it. As well, to use Botox injections on 10-12% of the population simply is not
feasible. And, although reducing the force of the SRB, it does not change the TCR stimulation
occurring. Botox is also not FDA cleared for SRB, it is an “off-label” use. Botox however is an
effective treatment of masseter and temporalis hypertrophy. There also reports of necrosis of
the condyle or alveolar bone with the use of Botox28.

Primary and Secondary Sleep-Related Bruxism
SRB occurs in both primary and secondary forms. Many articles claim that SRB only occurs with
OSA however they do not explain the cases occurring with no interruptions in breathing. These
are the primary cases (Figure 3 is an example of primary SRB).
SRB occurs in at least two secondary forms: with OSA and as a side effect of certain
medications.

Primary SRB
This form of SRB is likely the type you will see in your practice daily. They present with mild
fatigue and the myriad of signs and symptoms already discussed. Figure 3 is a sleep tracing of a
patient suffering from primary SRB. What is noteworthy is that at no time is respiration
interrupted. It is irregular and faster (due to sympathetic stimulation of the TCR) but not
interrupted.

Secondary SRB due to OSA
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This form of SRB is considered protective as it occurs just before or just after an apnea event.
There is a synchronization that occurs between the SRB events and apnea events. Figure 30
shows a sleep tracings of a patient with severe SRB secondary to obstructive sleep apnea.
Figure 30 Secondary SRB with OSA

Figure 29: Secondary SRB with OSA is seen here. The SRB precedes the apnea event (green area marked OA), where
respiration is seen to stop. A second SRB event occurs just after the apnea event.

Figure 31 shows a second tracing of secondary SRB with OSA. Please note the way that the SRB
events are synchronized with the OSA and hypopnea events, occurring only with these events.
I should point out that even in secondary SRB, tracings will also show numerous primary SRB
events.
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Figure 31: Secondary SRB with Sleep Apnea

SRB secondary to medications

SRB can also occur when certain medications are administered. The following table is an
incomplete list of known medications. You will note than many are SSRI (selective serotonin
reuptake inhibitors) or SSNRI (selective serotonin epinephrine uptake inhibitors) and are used
to treat anxiety and depression3.
Medications Causing SRB
Generic Name
Luvox
Sarafem
Pexeva (Pro)
Paxil CR(Pro)

Drug Name
Fluvoxamine
Fluoxetine
Paroxetine
Paroxetine

Type
SSRI
SSRI
SSRI
SSRI
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Lexapro (Pro)
Celexa (Pro)
Prozac (Pro)
Zoloft
Brisdelle (Pro)
Prozac Weekly (Pro)
Rapiflux
Effexor XR
Pristiq
Cymbalta (Pro)
Savella (Pro)
Effexor (Pro)
Fetzima
Irenka (Pro)
Khedezla
Ritalin

Escitalopram
Citalopram
Sertraline
Fluvoxamine
Paroxetine
Fluoxetine
Fluoxetine
Venlafaxine
Desvenlafaxine
Duloxetine
Milnacipran
Venlafaxine
Levomilnacipran
Duloxetine
Desvenlafaxine
Methylphenidate

SSRI
SSRI
SSRI
SSRI
SSRI
SSRI
SSRI
SSNRI
SSNRI
SSNRI
SSNIR
SSNIR
SSNRI
SSNRI
SSNRI
Stimulant

These are some of the most commonly prescribed medications, which is disturbing to say the
least. Please note that in a latent SRB patient, if started on one of these meds, will have their
SRB activated, often for life, unless treated. In a patient suffering from SRB, it will worsen it.
SRB patient have the HTR2a polymorphism previously discussed are sensitive to serotonin. If
you give them a med that prevents re-uptake of serotonin in the CNS, you are only increasing
the suppression of the MIR discussed. I also have found that even when treating these patients
with a LHOA, they do not respond as well and take much longer to treat. This should be taken
into account on every case with modifications to your treatment length and fee.

The Research on SRB
It is very discouraging to see that most of the research on sleep-related bruxism prior to the last
five years was based on small sample sizes, not well, and made grandiose claims. You could
basically find a study to support any viewpoint you might have. This is why I undertook to
conduct my own research in this field (I have included the papers I have published on SRB after
the references).
What has been shown is that SRB is a true sleep disorder, affects the TCR, and is not mediated
by conscious treatments such as psychotherapy, physiotherapy etc.
This brings us to the treatment I have spent my career developing, taking into account the years
I spent treating removable and fixed orthodontic cases, TMD ortho cases, MPS patients, etc. to
develop a treatment that actually treats the SRB and not just the symptoms.
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Read on for more information on the Luco Hybrid OSA Appliance…
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The History of the Luco Hybrid OSA Appliance
Around 1988 I began treating post-traumatic TMD cases with dual arch appliances, worn at
night to facilitate healing of the damaged TMD through decompression. It made sense that if
the condyle was held forward at night.
The TMJ would heal faster due to decompression of the sensitive posterior joint compartment
of the TMJ. I had better results with this treatment, combined with physiotherapy and
craniosacral practitioners in my area.
A patient who was using one of these devices was referred by their MD to a sleep lab on
suspicion of a sleep disorder. I knew the sleep specialist previously and he called me after
reviewing the sleep study, regarding this patient. She arrived with her dual arch appliance for
sleeping that I had made for her and told him she had to wear it while sleeping or she would
wake in severe pain. He elected to place it in for half the night and take it out for half. He found
that without the device there was moderate obstructive sleep apnea, but when worn it, she
was breathing normally. He was very excited about this and called me the next day. He
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suggested we should conduct a study on this. We treated 10 patients with the same mandibular
advancement appliance and he conducted split night studies as before. Every patient’s OSA
improved with the device and he published this in a sleep journal somewhere. We worked
together for years after that and he introduced me to other sleep specialists, ENTs etc. that
became colleagues. We formed a team in treating these unfortunate souls.
I continued using various dual arch appliances for TMD cases with fairly good results. They were
problematic however, and elastic attachments would frequently break, wires would bend or
acrylic would break etc. I become very frustrated as I was repairing as many as I was making.
In 2006 I began working on my own device, and attempted to address all the problems I had
experienced over the years. After 7 prototypes and progressive modifications, I finally found a
balance. The most significant modifications I made were the change to a cast Vitallium 2000
framework for strength and comfort, and shifting the bite forward to the cuspid/bicuspid
region. I named it the Luco Hybrid OSA Appliance (a true hybrid due to the metal/acrylic design
and that it treated both medical and dental conditions).
In 2013 I made an application to the FDA for clearance for the treatments of OSA and SRB. Over
many teleconferences, they told me to drop the SRB as they didn’t recognize it and they would
clear it for OSA and snoring. They told me I could apply for the SRB at a later date. I proceeded
with this and received my 1st FDA clearance as a medical device December 2013 (K13079728).
I purchased two home sleep recorders that also had 4 channel EMG recording and audio
recording. I began conducting home sleep studies and collected over 500 before and after sleep
studies with the LHOA, treating SRB. I designed a study and registered it with the US National
Library of Medicine clinical trials29. I completed the study and in 2016, reapplied to the FDA for
addition of SRB and tension/migraine headaches to my previous clearance. As this was the first
treatment ever considered for this, I was required to provide documentation and supporting
studies and apply for a second clearance. In 2016, I received my 2nd FDA clearance, for sleeprelated bruxism and tension/migraine headaches. This was as a dental device (K16047730). I
prepared both FDA clearances myself and it was definitely a challenge!
To date, the LHOA is the only FDA cleared treatment of SRB and the only OSA appliance with 2
FDA clearances, one medical and one dental. It is also only the second dental device FDA
cleared for migraines with the first being the NTI appliance31.

What exactly is the Luco Hybrid OSA Appliance?
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The LHOA is a dorsal type, two part, mandibular advancement appliance. The use of vertical
wings temporally positions the lower jaw, and tongue, in a forward positioning, alleviating any
constrictions in the airway at the back of the throat (figures 32, 33). The forward bite controls
the SRB.
Figure 32: Front view of the Luco Hybrid device

Figure 33: Views of the Luco Hybrid Device

Image 30 shows in detail the design of the LHOA including…







Cast framework (Vitallium 2000) with acrylic contacting the teeth
Open anterior facilitates the tongue during sleep (activation by pharyngeal reflexes).
Forward bite, only occlusal contact in the region of the 1 st bicuspids and cuspids
Minimal material on the lingual to prevent tongue crowding from the device
Patented 90 degree wing angle, prevents retrusion of the mandible if the patient opens
their mouth. 70 degree wing angles allow this to occur.
Side adjustments screws can be adjusted up to 10mm if needed
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How does the Luco Hybrid Device Treat Sleep-Related Bruxism?
When treated obstructive sleep apnea and upper airway resistance syndrome, the appliance
works by allowing air to pass into the lungs more easily preventing complete blockages of the
airway (apnea events) (Figure 34).
Figure 34: Obstructive Sleep Apnea

Figure 31: On the upper left, the tongue is forward and air easily passes to the lungs (blue arrow). On the right, the tongue has fallen back,
contacting the soft palate, preventing air from entering the lungs. This is obstructive sleep apnea. In the lower image, with a generic OSA
mandibular advancement appliance in place, the airway is mechanically kept open.

The LHOA works in this way, by positioning the mandible forward and maintaining the airway
patency. Most oral appliances for sleep apnea are designed to work this way and are very
effective. This is not what makes the LHOA unique. Concurrent treatment of SRB does.
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How does the Luco Hybrid device treat sleep-related bruxism?
There are three specific ways in which the LHOA treats the underlying SRB.
1. Stress Distribution of the Bite
2. Activation of the periodontal masseter reflex
3. Parasympathetic stimulation of the TCR to balance or negate the sympathetic
stimulation occurring at the trigeminal ganglion
I will discuss each individually.

Stress Distribution
When we chew we place stress on the teeth, jaws and skull. This varies as to where the chewing
is occurring. For example, the stress on the skull is different if you bite into something with your
incisors, you tear a bag open with your cuspids, or chew a hard food on your molars.
Researchers have studied this and use stereolithic models of the skull that can shed light onto
precisely where the stress is concentrated during chewing and SRB.
When chewing in the molar region, there are a number of high stress areas including the
molars, the lower border of the mandible, the ramus, the condyle head and the TMJ. Other
areas include down the nasal septum and under the eyes (Figure 36).
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Figure 35: Stress when chewing in the molar region

Figure 35 is a stereolithic rendering of the human skull when chewing in the
molar region. The red areas indicate where the highest stress occurs during
this type of loading of the mandible.

The red areas in Figure 36 help explain some of the symptoms reported in SRB. Referred pain
into the region of the wisdom teeth occasionally occurs and this stress modelling explains why
this could occur.
In sharp contrast, when biting in the region of the 1st bicuspid and cuspid, the high stress is
limited to the tip of the cuspid (which happens to be one of the strongest teeth we have).
Figure 36 is a stereolithic rendering of biting in this region.

Copyright © 2020 Dr. Ken Luco. All rights reserved. No part of this document may be reproduced by any means, mechanical, electronic,
imaging, recording or otherwise without prior written permission of the publisher (Dr. Ken Luco).

Page 40
Figure 36: Stress when biting in the cuspid, 1st bicuspid region

Figure 36 is a stereolithic rendering of biting in the cuspid region. The only high stress point is the tip of the
cuspid. The stress is evenly distributed through the facial bones up and over the skull.

Figure 36 is a sharp contrast to Figure 35. There is much better distribution of the stress
through the facial bones and only one region of high stress, the tip of the cuspid.
The patented forward bite of the LHOA places the bite precisely over the cuspid and 1 st bicuspid
and provides a stress distribution as in Figure 36. All other OSA and bruxism appliances place
the bite evenly down the both sides including the molar regions and have a stress distribution
as in Figure 35.
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Activation of the periodontal-masseter reflex
The periodontal-masseter reflex (PMR) is another protective reflex similar to the MIR that
occurs lower in the brainstem and is not affected by the HTR2a polymorphism and serotonin
hypersensitivity as is seen in the MIR with SRB, previously discussed. Figure 37 is a diagram of
the PMR connections and how it affects the masseter (and temporalis) as well as the anterior
digastric, which is a jaw opening muscle. The masseter is inhibited while the anterior digastric is
stimulated.

Figure 37: The periodontal-masseter reflex (PMR)

Figure 37 is a diagram of the PMR. Periodontal ligament nerve endings send an impulse via the maxillary or mandibular nerves to the
brainstem at the level of the PMR. Here, they are processed and an inhibitory signal is sent to the masseter (and temporalis) bilaterally and
an excitatory signal is sent to the anterior digastrics bilaterally via the moto branch of the hypoglossal nerve. The result is inhibition of
chewing and will force relaxation of the masseter and temporalis and anterior digastric with be contracting until the stimulus is removed.

Copyright © 2020 Dr. Ken Luco. All rights reserved. No part of this document may be reproduced by any means, mechanical, electronic,
imaging, recording or otherwise without prior written permission of the publisher (Dr. Ken Luco).

Page 42

The PMR has its afferents located in the periodontal ligaments of the cuspid, 1 st bicuspid and to
a lesser degree, the incisors.
The patented forward bite of the LHOA places the bite precisely over the cuspid and 1 st bicuspid
activing the PMR. This results in inhibition of contraction of the masseter (and temporalis)
muscles which results in a significant reduction or elimination in the number of SRB events seen
during sleep.

Parasympathetic stimulation of the TCR
The third way the LHOA treats the effects of the SRB is by stimulation of the TCR
parasympathetically, counteracting the sympathetic stimulation of the SRB. An endodontic
study found that when endodontic treatment was being performed on cuspids and 1 st
bicuspids, the TCR was parasympathetically stimulated and heart rate and blood pressure fell17.
It is only these teeth where the effect was seen. With the patented forward bite of the LHOA
precisely over the cuspid and 1st bicuspid, there is a parasympathetic stimulation occurring. This
is seen by a significant reduction in the mean heart rate on a polysomnographic recording seen
when the LHOA is being worn. As was seen in the study of endodontic treatment of these teeth
activating the TCR, the LHOA activates it by placing all pressure on these two teeth.

The Effect of the Luco Hybrid Device on Sleep and SRB
Figure 38 shows two sleep tracings of the same patient. The first is before treatment with the
LHOA, the second, while being treated with the device three weeks after it was initiated. On
average, it takes about 3-4 weeks to treat the SRB and it remains treated as long as the device is
worn. I have patients that have been in treatment for over 10 years that are still asymptomatic.
Figure 38 demonstrates how the LHOA actually treats the SRB.
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Figure 38: Before and After Sleep Tracing of Treatment with the LHOA

Figure 38 shows a before and after home sleep tracing of the same patient, 3 weeks apart.
The SRB events went from 36 per hour to 3 per night. Heart rate increased 40% in the first
tracing and 4% in the second. This demonstrates that the LHOA is effectively treating the SRB.

In Summary
I hope this helps explain what SRB is, what makes it unique and different from awake bruxism,
how it can affect the cardiovascular system, and how the LHOA treats it. To date, the LHOA is
the only treatment that has received FDA clearance for the treatment of SRB. The patented
forward bite is the most significant feature and makes the device extremely comfortable to
wear. Many of my patients ordered 2 or 3 appliances, so they could leave one at the cottage,
one at home, and one travelling. I suffer from this condition myself and cannot convey how
much better I sleep and how I no longer have tension headaches or sensitive teeth. I suffered
from both for years.
Ken
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