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Botulinum Toxin

in the Treatment of Bruxism

Danicle Manfredini and Luca Guarda Nardini

Introduction

Bowhnum toxin is a neurotoxin produced by
Clostndisim botulinum, a Gram-positive spore-form-
ing anaerobic bacterium, which 1s responsible for
botuhsm. Botulism s a potentially lethal disease,
whose signs include limb paralysis, facial weakness,
ophthalmoplegia, dysphagia, dysarthria, constipa-
tion (progressing to ileus), dyspnea (progressing to
respiratory arrest), and urinary retention.' Botu-
lism can occur following ingestion of contam-
inated food, from colomzation of the infant
gastromtestinal tract, or from a wound infection,
Fortunately, both prevalence and mortality of
botuhsm have markedly decreased in recent years.

Research studies have identified seven neuro-
toxic types (BTX-A, B, C1, D, E, F, G) of botu-
linum toxin, of which the first two are primarily
responsible for human intoxications.!

Botulmum toxins cause a prolonged inhibi-
tion of neurotransmitter release at peripheral
cholmergic nerve terminals at both neuromus-

cular junctions and autonomic sympathetic and
parasympathetic nerve termunals. The discovery
of these properties has been the basis for hypothe-
ses involving therapeutic use of botulinum toxin
and, nowadays, this potentially dangerous poison
has been transformed into a widely used drug that
is useful for the management of several muscle
chsorders associated with an excessive cholinergic
activity.*

Indeed, the purification of botulinum toxin at
basic research levels has allowed its adoption in the
treatment of spasticity,’ blepharospasm,*” spas-
modic dysphoma,*™® and cervical dystonia. "'

History of Botulinum Toxin
as a Therapeutic Drug

Botulinum toxins are produced by C. botudinum, an
anacrobic bactcrium whose spores are commonly
located within the soil. The bacterium grows in a
pin-like form within the food only if the contact
between the food and the spore occurs under deter-

467



Daniele Manfredini and Lica Guarda Nardini

mined conditions (absence of oxygen, temperature
<10°C. aadic condions). In such an environment,
C. botdinm can grow and release new spores; uln-
mately it implodes, thus destroying the cell mem-
brane and releasing its powerful neurotoxins. The
seven types of botulinum toxins are actually the
most powerfal and dangerous among known neu-
rotoxins; and even though they probably have dif-
ferent biochemical properties, they share similar
effects on muscle activity — which have been
described in detail for the serotype BTX-A.
Stuchies on BTX-A biochemistry date back to
the 1920s, with the first attempts at purifying the
toxin. The efforts of Sommer and other pionecring
researchers laid the basis for successive studies from
Schantz who, in 1946, obtamed a purified crys-
talline torm of botulinum toxin, thus improving the
quality of future research. Later in the 1950s,
Brooks described a temporary paralysis following
BTX-A mjecnon in a hyperactive muscle. This
effect was described as a consequence of the inhibi-
uon of acetylcholine release at motor nerve termi-
nals, and obviously led to a growing interest in the
potential therapeutic use of botlinum toxin, A
decade later, Scott provided animal experimental
models supporting the usefulness of a purified ver-
sion of BTX-A to correct strabismus (an oph-
thalmic dystonia) in monkeys. In 1978, Scou
obtained US Food and Drug Administration
(FDA) approval to begin studies on the effects of
botulinum toxin on strabismus in human volun-
teers. [n 1989, botulinum toxin was definitively
mtroduced in the market under the trade name
Oculinum, with FDDA-labeled indications in the
treatment of strabismus and blepharospasm; also
included was facial nerve paralysis. Later, a pharma-
ceutical company, Allergan, bought the BTX-A
licence, and changed its trade name to Botox,
which is now currently used for a number of muscle
hyperactivity disorders. In 2000, both BTX-A and
BTX-B (MyoBloc) were approved by the FDA for
cervical dystomia; and in 2002 Botox was approved
by the FDA for the treatment of glabellar lines, and
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most recently for primary axillary hyperhydrosis,
Thus, from the time of its climical debue, reports on
the indicaions of BTX have been growing in
number and fields of application.

The type-A botulinum toxin has high affinicy
for the neuromuscular junction and causes a long-
lasting inhibinon of neurotransmitter release at
peripheral cholinergic nerve terminals at both
neuromuscular junctions and autonomic sympa-
thetic and parasympathetic nerve terminals,

Like many other biologic and pharmaceutical
agents, Botox is produced via a process of fermen-
tation and purification, and available information
about its structures and properties will be discussed

here.

Mechanism of Action

The size of the structural complex of the different
botulinum toxins varies among serotypes, ranging
from 300 to 900 kDa. The purified BTX-A hasa
molecular weight of 900 kDa and includes three
proteins: the neurotoxin (made up of a heavy and
a light chain for a total 150 kDa molecular weight),
anon-hemagglutmin protein, and 2 hemagglutimn
protein (associated with the toxin with the aim to
protect it from degradation and combining for
about 750 kDa).*

The heavy chain of the BTX-A is responsible
for binding to its serotype specific receptor/
acceptor on the target cell and mediates trans-
location, allowing for the expression of the light
chain outside of the cholinergic vesicle, while the
effect of BTX-A depends on the enzymatic
action of the light chain {very specific peptidase
with a specific target - this region is unique for
each serotype).

Once active, the toxin produces a muscle relax-
ant effect that is local - effective within a pre-
dictable radius at the site of injection, and tempor-
ary — lasting up to 3-6 months. Muscle relaxation
i1s the result of the block of acetylcholine release at
the endplate of the motor neuron.”



From a molecular viewpoin, the current hypoth-
esis for wts motor mechamsm of action in skeletal
muscle provides that, at the nerve terminal, botu-
linum toxin type A induces a temporary chemo-
denervation through the following steps.**
The toxin binds to acceprors (yer to be iden-
tfied) on cholinergic ternunals.
The molecule is internalized into the nerve
ending by endocytosis.
Once nside the nerve ending, botulinum
toxin interferes with the exocytosis of cholin-
ergic vesicles. Thisleads co chemo-denervation
and reduced muscular contractions.
Over time, terminal sprouting occurs.
Finally, the original functional endplate is re-
established and sprouts regress. At this point
SYIIPLOIMIS (May return in some patients.

Fields of Application

I 1990, the National Institutes of Health Consen-
sus Development Conference Statement recom-
mended that botulinum toxin therapy was safe and
effective for treating strabismus, blepharospasm,
hemifacial spasm, adductor spasmodic dysphonia,
jaw-closing oromandibular dystonia, and cervical
dystonia;* it also stated that BTX is not curauve in
chronic neurologae disorders. Since that time, clin-
ical and research experience of the use of BTX 1o
treat these disorders has been intense, and B1X-A
1s currently available under the trade names Botox
(Allergan, Irvine, CA, USA) and Dysport (Spey-
wood Pharmaceuucals, Madenhead, UK} in the
USA and Europe, respectively. A purified version
of BTX-B has been approved for the treatment of
cervical dystonia and 1s available on the market
under the names Neurobloc (Elan Pharmaceut-
teals, Shannon, Co. Clare, lreland) and MyoBloc
(Elan Pharmaceuucals, San Diego, CA, USA).

A National Library of Mcdicine's PubMed
database search performed with the keyword
“botulnum toxin™ identified over 8,000 articles,
more than half of which regarded the chnical use
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ol botulinum toxin as a therapeutic drug, Along
with swdies lending support to the above-
described indications, research were performed on
the use of botulinum toxin in a number of minor
disorders related to muscular hyperactivity.

Those so-called emerging apphications included
treatment for conditions associated with pain (e g.,
tension headache, migraine headache, cervico-
genic headache, cluster headache, nyofascial pain,
chronic low back pain, tennis elbow), hypersecre-
tion of glands {e.g, hyperhydrosis, sialorrhea,
crocodile tear syndrome, intrinsic rhinius), exces-
sive or dyssynergic muscle contraction {e.g.,
myokymia, bruxism, anal fissure. anismus, vagin-
ismus, detruso-sphincter dyssynergna, sphincter of
Oddi dysfunction, esophageal spasm, laryngeal and
pyloric spasm, achalasia), and for cosmetic use. ™

Prommsing data have emerged for all of these
indications and, even though the quality of pub-
lished papers has not been excellent so far, thus
needing to be consistently improved before defin-
iive confirmation of results, 1t appears that botu-
linum toxin may find increasing application in the
future.

Safety of Botulinum Toxin Treatments

Botulinum toxin therapy is effective for several of
the disorders described above, and has a good safety
level. The only absolute contraindications to its
use are allergy to the drug and infection/inflam-
mation at the site of the injection; safety for use
during pregnancy, lactation, and childhood has not
been assessed. Diseases of neuromuscular trans-
mission, coagulopathy, and inability of the patient
to cooperate are relative contraindications.*

Nonetheless, therapeutic administration of
botulinum toxin must be performed by skilled
practitioners, possibly within a skilled interdisci-
plinary team, owing to the risk of side-eftects and
comphcations.

Side-effects are usually wansitory and well toler-
ated. They are mainly relaced w diffusion of the
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drug mto the nearest muscular groups, thus being
different in dependence of the target muscles and
the type of the treated disorder. Systemic complica-
tions and side-cffects, such as peneralized weakness
or severe electromyographic abnormalities, are rare.

A small percentage of pauents develop anu-
bodies to the toxin and, even though the mecha-
msm leading to the development of antibodies 1s
unknown, this may be a main reason to explam
therapeutic failure.

Orofacial Pain Relief

Once the use of botulinum toxin was settled as a
possible therapeutic approach o muscle hyperac-
tivity-related disorders, rescarch began to support
1ts use as a pain relief drug as well. Indeed, in most
patients pain relief exceeded the benefits related to
the reduction of muscle activity, as observed with
electromyographic (EMG) recordings. These
observanons were mostly valid for cervical dys-
tona”' ™ and were the basis for successive studies on
the usetulness of botulinum toxin in the treatment
ol orofacial painful disorders.

There is a limited amount of hterature sug-
gesting chat the analgesic effect of BTX-A is related
to reduction of the local release of nociceptive
ncuropeptides from either cholinergic neurons or
from other nerve terminals in vivo, which would
prevent the local sensitization of nociceptors and
thus reduce the perception of pain *** This mech-
anism of action appears to be independent of the
reduction of muscalar hyperactivity, and is in line
with current theorics supporting a non-hnear rela-
tonship between pain and EMG signs of neuro-
muscular activity.#™ BTX-A hence found applica-
tons in a number of orofacial pain disorders, such
as various types of headache and temporo-
mandibular disorders.

Botulinum toxin was introduced in the treat-
ment of lension-type headache owing to dhe sup-
posed role of muscle activity in its pathogencsis.”
Nonetheless, there is a pauciry of hiverature on this
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issue, and findings are not consistent among the
different studies.™ * This suggests that larger
sample investigations are needed, with a well-
defined and homogeneous study protocol with
regard to the dose and site of BTX-A injections in
these patients.™

In contrast, botulinum toxin has been found
effective in the treatment and prophylaxis of
mugraine headache, as measured on subjective
rating scales, on the basis of currently available clin-
ical trials.* * With regard to cervicogenic and clus-
ter headaches, only pilot data have been pubhshed
so far, and they are mainly based on case reports, so
they need to be further assessed. ™

Temporomandibular Disorders

Interestingly, botulinum rtoxin has shown good
therapeutic efficacy in the approach 1o some forms
of chromc myofascial pan, a term which is used
here in its wade definiuon ot being a localized mus-
culoskeletal pam with tenderness in association
with trigger points. Given the inconsistent find-
ings reported by the hiterature on the use of non-
steroidal anti-inflammatory drugs, steroids, anti-
depressants, and other drugs in the treatment of
these disorders ~ and considering that corticos-
teroids, which are the currently adopted first-
choice drugs to treat chronic myofascial pain, may
produce undesired systemic and side-cflects -
some trials have assessed the analgesic efficacy of
BTX-A in such patients.* *

Literature findings are generally supportive of
an etficacy of botulinum toxin in the treatment of
these disorders, being superior to both placebo
saline solution and methylprednisolone injections.
However, all the rescarch on the therapeutic use of
botulinum toxin has a common limitation - the
difficulty in patent recruitment and selection for
stuchies of “off-label” drug use, to the point tha
this basic consideration must be kept in mind
before gencralizing positive results from prelimi-
nary small-sample studies. Nonetheless, it seems



that the potential of BTX for achieving muscle
relaxation and analgesic efects in many muscular
disorders 1s well-cvidenced. and this led 1o a search
for new therapeutic applications,

The adoption of botulinum toxin i temporo-
mandibular disorder (TMD) patents is a conse-
quence of these considerations, given the high rate
of comorbidity of TMD wuh some forms of
headache™* and the common uncertainties about
the pathophysiology ofboth disorders, which force
chnicians and researchers to adopt a symptomatic
therapeutic approach in both cases.”

In 2004, at the time of a systematic review of the
literature on the usefulness of BTX-A in the treat-
ment of head and neck muscle disorders,” only
one study satisfied the authors’ qualitative criteria
to be included in the review. In that study, which
tested a small sample of highly selected patients
with muscular TMD treated with a crossover
protocol (BTX-A vs. placebo), the dropout rate
was up to one-thard of participants, due to either
pain increase {treatment nefficacy) or muscle
paralysis (side-effect of the treatment). No signifi-
cant differences in pain improvement were
observed between the two treatments, thus not
providing support for the efficacy of BTX-A in
muscular TMD.*

Similar conclusions emerged from a systematic
review 1 2007 on the potential therapeutic effects
of botulinum toxin in orofacial pain disorders,
which claimed thar literature findings are not so
promising for orofacial pain, except for migraine
prophylaxis.* In contrast, two other reviews, one
descriptive” and one systematic,* partly revisited
the carlier conclusions and tried 10 provide a
rationale for using BTX-A in TMD patients.
Nonetheless, there 15 a general consensus that the
quality of the hterature on the therapeutic effects
of botulinum toxin in TMD) patients is currently
poor, and further studies are strongly needed.

A PubMed search performed with the key
terms “botulinum toxin™ and “temporomandibu-
lar disorders™ yielded 36 references many of which

Botlmum ‘Texin in the Treatment of Brusism

were single-patient case reports on off-label uses of
BTX-A within the orofacial region, such as in the
case of masseter hypertrophy,” TM] anterior dise
displacement,” TMJ disc disfigurement, and
chronic or recurrent TMJ dislocation. ™ Apart
from studies on these particular applications, most
chinical data on the use of type-A botulinum roxin
to treat facial pain has come from case series on
TMD pauents.

An uncontrolled preliminary investigation by
Freund and co-workers® found that the injection
of 150 units of BTX-A (50 U wathin cach masseter
and 25 U within each temporalis muscle) provided
a significant reduction in both objective {mouth
opening) and subjective (pam, function, tender-
ness) Jaw function m a sample of 15 subjects with
non-homogeneous TMI) over an 8-week period.
Similar findings were reported by the same group
of researchers in a successive case series study on 2
larger sample,® and by Von Lindern,”™ who
reported encouraging findings with the injection
of 200 U of BTX-A per side in a sample of 41
patients with muscular TMD overa 6-month span.

Botox and Bruxism

Myofascial pain of the masticatory muscles has a
strong epidemiologic relevance, affecting from
38% to 75% of patients with signs and symptoms
of TMD in Caucasian populations™® and about
30% Asian patients.” Therefore, despite the fluc-
tuating and self-limiting nature of these disorders,”
efficacious first-step symptomatic therapies are
requested to reduce their psychosocial impact.
There isa complex pathogenesis which is often the
expression of a mulufacworial etiology, with a
number of systemic and local risk factors.

Some similar epidemiologic and psychosocial
characteristics have been described for bruxism as
well, which is a parafunctional activity strongly
detrunental for all the stomatognathic structures.
In particular, despite a lack of demonstration of its
causal role for TMD,* and doubts existing about
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the etiology of both awake and sleep bruxism.” ™ a
chnical association between bruxism and myofas-
cial pain has been reported n several works.™”
Many therapies have been proposed to treat brux-
ism-related muscle hyperactivity, but published
data have not been conclusive so far.”™

Similarly, uncertainty about the etiopathogen-
esis of myofascial pain has led to the proposal of sev-
cral treanment approaches for this condition, among
which are occlusal splints,”™ physical therapy,™
behavioral and physical treatments,”™ and drugs

These considerations, which support the need
for a symptomatic management approach to these
disorders in the absence of a specific causal therapy
to achieve muscle relaxanon, along with the above-
described attempts of introducing botulinum toxin
in the treatment of myofascial TMD, have led to
hypotheses on the possible efficacy of BTX-A w0
reduce muscle activity in bruxers, However, stud-
ies are complicated by the difficulty of obtaining
objective data on the severity of bruxism and on
the different patterns of parafunctional activity
(clenching or grinding).

At the time of writing there are no studies
assessing the polysomnographic activity of bruxers
before and after a botulinum toxin injection, and
the simplest approach to the evaluation of a treat-
ment for bruxism appears to be chnical assessment.

Tan and Jankovic™ assessed the efficacy of
BTX-A injections (25-100 MU per masscter
muscle) i a sample of 18 subjects with severe
Jong-term bruxism. The efficacy of treatment
was assessed with a combination of patients’ self-
perception of improvement and their partners’
wnterviews. The mean duration of response was
about 6 months, and the mean peak effect was 3.4
onascale of 0to 4, in which 4 is equal to total abol-
ishment of grinding. Only one subject (5.6%)
reported having expenienced dysphagia.

Self-report perception of efficacy was also
reported by a patient affected by amphetamine-
induced bruxism treated with BTX-A,* and clin-
ical improvement was shown in a 7-year-old child
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who exhibited teeth clenching and grinding as a
consequence of a post-traumatic brain injury.

At present, the only available randomized clin-
ical trial on the use of botulinum toxin in bruxers
isa preliminary double-blind, placebo-controlled
investigation with 2 6-month follow-up period,
aiming to assess the efficacy of type-A botulinum
toxin to treat myofascial pain symptoms and to
reduce muscle hyperacuivity in bruxers.” Twenty
subjects with a clinical diagnosis of bruxism and
with myofascial pain of masticatory muscles were
randomly enrolled and included either within a
teeatment group (BTX-A injection) or a control
group (saline placebo injections). A number of
objective and subjective clinical parameters were
assessed at basehine, and at 1-week, 1-month, and
6-month follow-up appointments. The parame-
ters were: pain at rest and at chewing; mastication
efficiency; maximum unassisted and assisted
mouth opening, protrusive, and laterotrusive
movements; functional limitation during usual
Jjaw movements; subjective efficacy of the treat-
ment; and tolerability of the treatment. Interest-
ingly, improvements in both objective and subjec-
tive clinical outcome variables were higher in
Botox than in placebo patients. Besides, patients
treated with BTX-A reported a higher subjective
improvement with time in their perception of
treatment efficacy than did the placebo patients.
According to the authors, the differences were not
significant in some cases owing to the small sample
size. Nonetheless, the findings supported the effi-
cacy of BTX-A ta reduce myofascial pain symp-
toms in bruxers, thus providing pilot data that
have to be confirmed by further research on larger
samples.

Taken together, this scarce literature suggests
that BTX-A studies in bruxers have suffered from
the same methodologic concerns as other invest-
gations on bruxism, such as the issues of clinical
evaluation and quantification of the disorder. The
study by Guarda-Nardini and co-workers 15 an
example of the difficulties of idenufying which



partola pauent’s symptoms improved. Is pain rehet
a direct consequence of braxism reduction, or is it
due to the analgesicimuscle relaxant properties of
botulinum toxin?

Conclusion

The reliability of clinical diagnostic criterta for brux-
1sm s much debated ** When assessing the efficacy
of a therapeutic modality, the clinician must be con-
scious that pam in the masticatory muscles might be
aspurious outcome variable, being the expression of
concurrent disorders as well.

Fvidence-based knowledge on bruxism charac-
tersstics and effects is mostly based on findings from
studies of sleep bruxism, which is more suitable for a
reliable diagnosis in a scientific research setting,
Unfortunately, PSG studies are expensive and ad-
cquately equipped sleep laboratories are not numer-
ous. The problem of patient recruitment affects
experimental studies on bruxisin treauments, includ-
ing investigations on botuhnum toxin efficacy.

Nonetheless, the generally positive findings
suggesting that botulinum toxin may provide
potential for minor neuromuscular conditions,
along with the number of neuromuscular disorders
for which BTX-A represents a first-choice option
(e.g., blepharospasm, cervical dystonia, and several
other focal dystonias), seem to jusufy further inves-
ugations of its efficacy in bruxers,
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