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The Art and Science of Botulinum The Art and Science of Botulinum 
Toxin: Practical Applications for the Toxin: Practical Applications for the 

Dental TeamDental Team
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Development of the First Commercial Development of the First Commercial 
Botulinum Neurotoxin Product for Clinical UseBotulinum Neurotoxin Product for Clinical Use
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BTX-A Mechanism of ActionBTX-A Mechanism of Action
Model of Synaptic Fusion (SNARE) ComplexModel of Synaptic Fusion (SNARE) Complex

Vesicle

Plasma 

Membrane

SNAP-25

VAMP

soluble N-ethylmaleimide-sensitive factor-
attachment protein-receptor protein complex

RB Sutton, D Fasshauer, R Jahn, AT Brunger. RB Sutton, D Fasshauer, R Jahn, AT Brunger. 
(1998) Nature 395, 24 Sept. 347(1998) Nature 395, 24 Sept. 347--353353
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Reversal of Action
Neural Sprouting Hypothesis

www.jpl.nasa.gov/technology/tn_images/muscles 

Products are not the same!Products are not the same!

Botulinum Toxin Based Products
• FDA approved

– BOTOX®, BOTOX® Cosmetic
– Myobloc®

• Approved ex-U.S.
– BOTOX®, Vistabel®, Vistabex®
– Neurobloc®
– Dysport®/Reloxin®
– Xeomin® (Germany)
– Prosigne® (China, Korea, South America, etc)

Product ComparisonProduct Comparison

* Elan data. Literature reports largest complex for B is 500 kDa and largest complex for A is 900 kDa

BOTOX®
1989

Dysport®
1991

Myobloc®
2000

Xeomin®
2005

Serotype A A B A

Complex Mr (kDa) 900 > 500 700 * 150

Package (units) 100 500
2,500
5,000

10,000
100

Neurotoxin Protein
(ng/vial)

~5 12.5
25
50

100
0.6

Form Vacuum-dried Lyophilized Solution Lyophilized

pH ~7 ~7 5.6 ~7

slide courtesy of Dr. R. Aoki

Clinical Differences Between 
BoNT Products

• Dose
• Injection pattern
• Migration (local or distal)

– Side effect profiles differ
• Distal AE’s, motor vs autonomic

– Highest for Myobloc®

• Neutralizing antibody rate
– Highest for Myobloc®

Definitions

• Safety Margin(Intramuscular, IM)
– Local effect� vs systemic leakage�
– IMLD 50/IMED50

• Therapeutic Margin (IM)
– Local effect� vs distal muscle� within 

same limb or region
– Quradriceps atrophy inducing threshold 

dose(TD)/IMED50



3

Safety and Therapeutic Margins 
Correlate

* Current safety margin data similar from previous publications
(Data from:Toxicon 39 (2001) 1815-1820 . Toxicon. 40 (2002) 81-86)

Clinical relevance of these preclinical results remain to be established

Product Therpeutic 
Margin � /�  

Safety 
Margin* � /�  

BOTOX® 6.8 15.1 

DYSPORT® 1.5 6.1 

MYOBLOC™ 
Neurobloc™ 

1 4.8 
 

 

2003 AAN Poster
slide courtesy of Dr. R. Aoki

Why Is There A Difference?

• Serotype
– “Acceptor” location

• Complex distribution
– LL (900 kDa) vs L (700 - 500 kDa) 

• Formulation
– pH, excipients

• Serotype
– “Acceptor” location

• Complex distribution
– LL (900 kDa) vs L (700 - 500 kDa) 

• Formulation
– pH, excipients

BOTOX® Handling TechniqueBOTOX® Handling Technique
Considerations:Considerations:

1. Reconstitution
Diluents

Dilution

2. Dosage
Safety

Efficacy

3. Injection Technique
EMG/MPS

Syringe/Needle

4. Records

Technique

+/- local anesthetic?

Preserved or Unpreserved?

Large bore needle
Dose ranges are
dependent on the 
product, patient, 
diagnosis
and injector 
experience
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Units of MeasurementUnits of Measurement

�� Mouse Unit Mouse Unit -- measure of measure of 
potencypotency

�� 1 unit kills 50% of mice1 unit kills 50% of mice

�� 1 BOTOX vial holds 100U1 BOTOX vial holds 100U

N.B.: Different products have N.B.: Different products have 
different  potenciesdifferent  potencies

Safety (Botox®)Safety (Botox®)

Lethal dose in monkeys (LDLethal dose in monkeys (LD5050) = 40 units/kg) = 40 units/kg
(toxicity noted at 38 units/kg)(toxicity noted at 38 units/kg)

Extrapolated to a 70 kg Extrapolated to a 70 kg 
human  human  

LDLD 50 50 = 3000 units= 3000 units

Local Side Effects:Local Side Effects:

�� BruisingBruising
�� SwellingSwelling
�� Pain Pain 
�� InfectionInfection
�� Adjacent paresisAdjacent paresis

Immunologic RisksImmunologic Risks

Anaphylactoid/anaphylactic Anaphylactoid/anaphylactic 
reactionreaction

Antibody productionAntibody production

dose and frequency dependant

Single report in the literature

Injection Technique 
Considerations

Injection Technique 
Considerations

• Needle size
small muscles – small 

needle

• Angle of needle
Site- and operator 

dependent

• Patient position
Sitting or lying down

• Needle size
small muscles – small 

needle

• Angle of needle
Site- and operator 

dependent

• Patient position
Sitting or lying down

Consent 

� Diagnosis
� Alternate therapy
� Sequelae
� Complications

Consent 

� Diagnosis
� Alternate therapy
� Sequelae
� Complications
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Treatment
Records
Treatment
Records

-total drug dose
-injection sites
-drug dilution
-dose per site
-complications

-total drug dose
-injection sites
-drug dilution
-dose per site
-complications

Neuromuscular:

1. Oromandibular Dystonia
2. Cervical Dystonia
3. Hemifacial spasm
4. Blepharospasm

5. Spasmodic Dysphonia
6. Bruxism (?)
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Autonomic:

1. Hyperhidrosis/
Frey’s Syndrome

2.  Hypersialosis
3.  Hyperlacrimation

4.  Pain
5.  Vasodilation
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Pain:

1. Headaches
2. TMD
3. Neck Pain
4. Neuropathic Pain

Pain:
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Cosmetics:

1. Glabella
2. Peri-orbital

3. Peri-nasal
4. Peri-oral
5. Neck
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Autonomic:
except for axillary/palmer hyperhidrosis
literature is primarily small open label 
trials and case series/reports

anecdotes

General rules: -intradermal or submucosal 
injections work best

-dilute product to use diffusion 
to advantage

Autonomic:
except for axillary/palmer hyperhidrosis
literature is primarily small open label 
trials and case series/reports

anecdotes

General rules: -intradermal or submucosal 
injections work best

-dilute product to use diffusion 
to advantage

Gustatory sweating

• area is defined after stimulation (lemon drop)
• injections are intra-dermal (~1 unit Botox/sqcm)
• reduction is sweating seen in about 3 days
• lasts 3 – 9 months (dose dependent) 

Gustatory sweating

• area is defined after stimulation (lemon drop)
• injections are intra-dermal (~1 unit Botox/sqcm)
• reduction is sweating seen in about 3 days
• lasts 3 – 9 months (dose dependent) 

Sialorhea

common in : cerebral palsy (10% to 38%) 
amyotrophic lateral sclerosis (20%)
Parkinson’s disease (PD) (70%)

• most often due to hypersalivation combined with 
swallowing dysfunction 

• may lead to aspiration & chest infection

Sialorhea

common in : cerebral palsy (10% to 38%) 
amyotrophic lateral sclerosis (20%)
Parkinson’s disease (PD) (70%)

• most often due to hypersalivation combined with 
swallowing dysfunction 

• may lead to aspiration & chest infection

Jongerius PH, van den Hoogen FJ, van Limbeek J, Gabreels FJ, van Hulst K, Rotteveel JJ. Effect of botulinum toxin in the 

treatment of drooling: a controlled clinical trial. Pediatrics. 2004;114:620-627.

Sialorhea

Technique: -direct injection into gland 

-parotid & submandibular glands most 
common

-1- 3 sites, 5 – 40 units Botox

-effective in reducing drooling 
-side effects (dry mouth, dysphagia) rare

Sialorhea

Technique: -direct injection into gland 

-parotid & submandibular glands most 
common

-1- 3 sites, 5 – 40 units Botox

-effective in reducing drooling 
-side effects (dry mouth, dysphagia) rare

Rhinorhea

• chronic vasomotor rhinitis

• parasympathetic over stimulation
• can be treated with BTX injection into the mucosa 

or by soaking pledgets and placing in nasal cavity

• literature suggests 50% improvement 

Rhinorhea

• chronic vasomotor rhinitis

• parasympathetic over stimulation
• can be treated with BTX injection into the mucosa 

or by soaking pledgets and placing in nasal cavity

• literature suggests 50% improvement 

Kim KS, Kim SS, Yoon JH, Han JW. The effect of botulinum toxin type A injection for intrinsic rhinitis. J Laryngol Otol. 1998;112:248-251.

HEAD & NECK HEAD & NECK 
PAINPAIN



7

Muscle Spindle Structure and Innervation

Intrafusal
Fibers

Extrafusal

Skeletal muscle, teased; Iron hematoxylin stain, 20 0x

Vesicle

Plasma 
Membrane

Effects on MuscleEffects on Muscle

Reduces:
Max Contractile Force
Duration of Contraction
Resting Tone

Reduces:
Max Contractile Force
Duration of Contraction
Resting Tone

Sensory MechanismsSensory MechanismsSensory MechanismsSensory Mechanisms

Silberstein SD, et al. Headache in Clinical Practice.
Isis Medical Media; 1998:41-55.

Vesicular storage & release common to many 
mediators in the PNS and CNS (eg. CGRP
Substance P, NP-Y & NGF-1)

Vascular InflammationVascular Inflammation

stimulation of peri-vascular sensory 
neurons

Inflammation and Pain Interactions
Tissue Damage

Inflammation

Bradykinin, H+, ATP, etc

Nociceptive Neuron

Sympathetic Neuron

Inflammatory
Cells

Cytokines
Opioids

Grow th Factors
Eicosanoids
Histamine

5HT
etc

Catecholamines
Eicosanoids

Adapted with permission from Rang HP et al. In: Melzack R, Wall PD. Adapted with permission from Rang HP et al. In: Melzack R, Wall PD. 
Textbook of PainTextbook of Pain. 3rd ed. Edinburgh: Churchill Livingstone; 1994:58. 3rd ed. Edinburgh: Churchill Livingstone; 1994:58

ExcitationExcitation
Modulation

Release

Activation
Modulation

Activation
Modulation

Neuropeptides

BTX-A

Peripheral Sensitization Leads to 
Central Sensitization

Peripheral 
Stimulation

Release of Glutamate 
and Peptides in CNS

Release of Glutamate and Peptides

Peripheral Sensitization
TRPV1 expression
Increased afferent signals

Antidromic Activ ation

CNS

Central 
Sensitization

Additional Activ ation
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Peripheral 
Stimulation

Release of Glutamate 
and Peptides in TNC

Prevents:
• Release of Glutamate, 
CGRP, SP

• Peripheral Sensitization
• Formalin P-II pain
• (TRPV1 expression)

Antidromic Activ ation

CNS

Botulinum 
toxin/A

Indirectly Prevents:
• Central Sensitization
• Inhibits c-Fos
• Receptor field expansion
• Allodynia

Additional Activ ationX

Botulinum Toxin Prevents Peripheral Botulinum Toxin Prevents Peripheral 
Sensitization (direct) and Central 

Sensitization (indirect)

Clinical relevance of these preclinical results remain to be established

Trigeminal Mechanism:Trigeminal Mechanism:

Sessle, BJ., Biological & Psychological Aspects of Orofacial Pain. CS. Stohler, DS. Carlson (Eds.) Craniofacial Growth 
Series 29, Center for Human Growth & Development, The University of Michigan, Ann Arbor, 1994.


