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abductor digiti minimi muscles 244
abductor hallucis muscle 243, 244
abductor pollicis longus muscle 80–81,

81
abductor spasmodic dysphonia 85
BoNT therapy 88–89, 90

abobotulinumtoxinA (Dysport) 10
abductor spasmodic dysphonia 89
active substance 19
adductor spasmodic dysphonia

treatment 88
blepharospasm treatment 61, 62
cerebral palsy treatment 126
cosmetic use 181, 184, 185, 186,

187–189
cricopharyngeal muscle spasms 92
gustatory sweating 97
headache disorders 224, 230
hemifacial spasm treatment 103, 104
hyperlacrimation 98
intrinsic rhinitis 97–98
oromandibular dystonia treatment
jaw-closing 66, 67
jaw-opening 67–68
lingual 68–69
pharyngeal 69

overactive bladder treatment 289
palatal tremor 93–94
primary axillary hyperhidrosis 197
reconstitution 32
rhinorrhea 97–98
spasticity treatment 108
specific potency 18–19
temporomandibular joint pain

238–239
tennis elbow 238
tics 163
vocal tremor 90

acetaminophen 233
acetylcholine
bladder contraction 288
gastrointestinal tract motility 281

achalasia 278–279
BoNT therapy 279, 280
surgical treatment 278–279

Achilles tendon reflex 261
acquired esotropia 175, 170
adductor brevis muscle 156

adductor longus muscle 156
adductor magnus muscle 156
adductor muscles 115–116,

124–125, 144
ultrasonography 156

adductor pollicis longus muscle 111
adductor pollicis muscle 111–112, 139
adductor spasmodic dysphonia 85
BoNT therapy 85–88

dosage 88, 90
injection techniques 86–88
percutaneous injection 86
transnasal technique 87–88
transoral technique 86–87

adjuvants 18
aluminium chloride salts,

hyperhidrosis treatment
194–195, 201

anal fissures
BoNT use in healing 213, 284
chronic 282–284

ankle plantarflexion 123
ankle‒foot orthosis, foot drop 123
anoxia 64
antecaput 35, 36, 43, 66
head rotation 42

antecollis 26 28, 29, 36, 42
head/neck forward flexion 42
muscles involved 43
see also cervical dystonia

antigen exposure 18
anti-glutamic acid decarboxylase 168
antinociceptive effects of BoNT 234,

235
arm
abduction in dystonia 72, 80
ultrasonography 129, 130, 139 147
see also forearm

arthritis
antinociceptive effects of BoNT 234
impact 233
physical therapy 233–234
prevalence 233
treatment 233–234

adverse effects 233–234
arytenoid muscles 89
ataxia, cerebral palsy 119
athetosis, cerebral palsy 119

ATP, extracellular in neuropathic pain
217

Autenrieth, Johann Heinrich
Ferdinand 2

B-cells, BoNT reactions 17
“Bacillus botulinus” 5
identification 4–5
see also Clostridium botulinum

batch 11/79 9
Bell’s phenomenon 179
benign prostatic hyperplasia 291–292
biceps brachii muscle 133, 139, 141
ultrasonography 131, 134

biceps femoris muscle 144, 157
biceps muscle 113
biological weapons 6
bladder conditions
BoNT injection 289
neurogenic 288
overactive bladder 288–290
urgency 288

bladder, muscarinic receptors
288–289

blepharospasm 9, 10
BoNT serotype A drugs

61–62
clinical features 60
hemifacial spasm differential

diagnosis 101
levator palpebrae superioris muscle

60
orbicularis oculi muscle 60
pathophysiology 60
periocular muscles 60–61
treatment 61–62, 174
dosage 62
injection technique 61–62
long-term efficacy 62
side effects 62
surgical 62

blink reflex 60
bone fractures 214
BoNT (botulinum neurotoxin)
adjuvant use 18
adverse events 14
animal studies 8
antibody formation avoidance 20
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BoNT (botulinum neurotoxin) (cont.)
associated proteins 18
clinical development 8–10
commercial products 13, 16
counterfeit BoNTs 14
duration of action 13
early 20th century research 5–6
freeze-dried preparations 8
human testing 8
immunogenicity 13–14
product specificity of immune
responses 18–20

immunological properties 16–20
Kerner’s ideas for therapeutic use 3–4
mechanisms of action 10, 12
molecular actions 5
molecule modification 14
neutralizing antibodies 13–14
onset of action 13
organism reaction 17–18
pain condition uses 14
paralysis development 17
pharmacology 12–14
clinical 13–14

product developments 14
products 13
serotypes 12, 16
specific potency 18–19
structure 12
synthesis 12
therapeutic use development 3–4, 6
therapy failure 16, 18, 19
types 5
see also BoNT serotype A drugs; BoNT

serotype B drugs; named
conditions treated

BoNT antibodies 16
antigen exposure 18
calibration curves 17
complex formation 17
detection 16
exogenic factors in immune response

18
formation 18
mouse bioassay 16
mouse diaphragm bioassay 16–17
quantification 16–17
therapy failure induction 18

BoNT serotype A drugs 16
adverse effects 14
belpharospasm 61–62
cervical dystonia therapy 23–24
concentration–response curves 17
headache disorders 228–230
immunogenic potential 19–20
Raynaud’s phenomenon 204–207, 206
side effects 266

BoNT serotype B drugs 16
adverse effects 14
cervical dystonia therapy 23–24

immunogenic potential 19–20
side effects 266
therapy failure 19–20

BoNT B receptor, synaptotagmin-II
mutation 19

Botox 9
see onabotulinumtoxinA

botulinum neurotoxin see BoNT
botulism 1–6
ancient times 1
biological weapon 6
incidence 1
intentional poisoning 1
outbreaks in Germany in 18th and

19th centuries 1–2
brachial artery 134
brachialis muscle 113–114, 137, 141
injection 113
ultrasonography 133, 134

brachioradialis muscle 133, 140, 148
Brooks, Vernon 8
brow lift see eyebrows, cosmetic

treatment
bunny lines 187
bupivacaine, strabismus correction 177

calcitonin gene-related peptide
BoNT A

headache pain 225
neuropathic pain 217
Raynaud’s phenomenon 205

neuropathic pain 216
canning process 5
caput
laterocollis distinction 39–43
muscles involved 43
torticollis distinction 38–39

cataract, strabismus correction 175
central nervous system in

blepharospasm 60
cerebral palsy 119–126
anatomical approach to

management 120
ataxia 119
athetosis 119
bilateral 123–125
BoNT therapy

adverse effects 125–126
anesthesia 125
guidelines 122, 125, 126
planning 126
techniques 125

classification 119–120
clinical features 119
dystonia 119
epidemiology 119
motor control loss 119–120
movement disorders 119–120
spastic diplegia 120, 123, 126
spastic equinus 123

spastic hemiplegia 120–123, 126
lower limb 123, 123
upper limb 120–121

spastic quadriplegia 120, 123–125
with pseudobulbar palsy 126

spasticity 119
strabismus 175
topographical distribution 120
unilateral 120–123
weakness 119–120

cervical dystonia 9, 10, 22–33
antibody-induced therapy failure 19
BoNT therapy

23–25, 46
complex condition 43–45
consent of patient 30–31
CT guidance for injection 32,
44–45, 47–48

dosage 31, 31, 32
dosage changes 32
effects 24–25
imaging 44, 47
indications 24
injection notes 32–33
injection procedure 30–32, 43–45
injection site number 25
muscle selection 31, 35, 44, 46–47,
52–56

practical considerations 29–30
reconsitution of drug 32
resistance development risk
reduction 32

side effects 31–32
targeting techniques 46–47
treatment effects 24
ultrasound guidance 44, 46–57

classification 22, 35
clinical forms 35
clinical spectrum 23
clinical studies 35–43
complex 35–45
BoNT therapy 43–45

CT-guided BoNT therapy 44–45,
47–48

definition 22
degenerative disc disease 22
diagnostic imaging 35
EMG 22, 24–25, 47
complex condition 44
with ultrasound guidance 48

epidemiology 22
forms 36
idiopathic 46
imaging 40
inherited 22–23
lateral flexion investigation 39–43, 50
lateral shift 35
medications 23
muscle involvement 25–28, 28, 29, 29
complex condition 43–44
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head posture variants 43
torticaput 39
ultrasound guidance 52–56

obliquus captitis inferior muscle 40
observation of patient 35–37
physical examination of patient 30
post-traumatic 23
postural abnormalities 29
presentation 35
retrocollis 38, 60
rotation 38, 39
investigation 38–39

sagittal shift 35
secondary 23
surgical treatment 23
torticollis and caput distinction

38–39
traits 22
treatment 22–33, 46
ultrasound guidance for injection 44,

46–57
anatomical reference guide
comparison 48

with EMG 48
electrical stimulation comparison
48–49

muscles targeted 52–56
needle insertion 50–52
supporting literature 47–48
technical requirements/
techniques 49–52

tissue characteristics 49–52
transducers 49
ultrasound machines 49

cervical paraspinal muscles
43, 227

chemo-immobilization of cutaneous
wounds 211–212

clinical trials 212–213
human use 212

children, ultrasound in spasticity
treatment with BoNT 128–132

chin, cosmetic use of BoNT 188–189,
189

Clostridium botulinum 1
BoNTs 12
identification 4–5

complex regional pain syndrome 216
constipation, puborectalis syndrome

284–285
coprolalia 161
corneal disease 174
corneal healing, protective ptosis

178–179
cortical spreading depression 223
cosmetic uses of BoNT

181–192
adverse effects 190–192
analysis of face 183
anatomy 181

brow lift 186–187
chin 188–189
counterfeit BoNTs 14
dosage level 181–182
dynamic rhytids 183–189
eyes 185–186
facial esthetic market 14
facial sculpting 189–190
forehead 184–185, 185, 186
glabella 183–184, 183, 185

complications 184
injection technique 185
mandibular contouring 189–190
mouth 187–188, 189
neck 189
nose 187
patient preparation 182
post-injection management 182–183
reasons for 183
syringes 182
techniques 181–183

counterfeit BoNTs 14
cranial dystonia 85
cranial hyperhidrosis 198
craniovascular innervation 223
cricoarytenoid muscle 89
cricopharyngeal dysplasia 93, 278
injection site 93
treatment 278

cricopharyngeal muscle 93, 278
EMG 279
manometry 279
spasms 92

Crone, Robert 8
crow’s feet 185, 186, 187
CT-guided BoNT therapy for cervical

dystonia 44–45, 47–48
cutaneous scars, BoNT use in healing

214–215
cutaneous wounds, chemo-

immobilization 211–212

deep brain stimulation, pallidal for
oromandibular dystonia 65

degenerative disc disease 22
depressor anguli oris muscle 184,

188, 189
detrusor sphincter dyssynergia

292–293
diabetic neuropathy 216
BoNT therapy 217–218

diffuse esophageal spasm 279, 280, 281
digastric muscle 65, 67
digital artery sympathectomy,

Raynaud’s phenomenon 203
diplopia 175
disease-modifying antirheumatic

drugs 233
distal interphalangeal joint flexion,

spasticity 110–111

dopamine, dysfunction in focal hand
dystonia 71

Drachman, Daniel 8
Dressler, Dirk 10
dysphagia
following laryngectomy 92, 92
oropharyngeal 278

dysphonia see spasmodic dysphonia
Dysport 9–10

see abobotulinumtoxinA
dystonia
arm abduction 72, 80
cerebral palsy 119
cranial 85
generalized 22
golfers 82
inherited 22–23
mirror 72, 73–74
occupational 71, 72, 82–83
segmental 22
spasmodic laryngeal 89
see also cervical dystonia; focal hand

dystonia; musician’s cramp;
oromandibular dystonia;
tardive dystonia; writer’s
cramp

elbow
extension in spasticity 141
flexion in spasticity 113–114, 120–121
ultrasound guidance 138–139

tennis elbow 238, 238, 239
electrical stimulation 48–49
electromyography see EMG
Ellezelles (Belgium) botulism outbreak

4–5
EMG
bipolar wire 176
cervical dystonia 22, 24–25, 47
complex condition 44
with ultrasound guidance 48

guidance for BoNT injection
108, 176

in writer’s cramp 74
lumbar paravertebral muscles 257
piriformis syndrome 262, 265
strabismus correction 175
upper esophageal sphincter 279

endocrine myopathy 177–178
endoscopic thoracic sympathectomy,

hyperhidrosis treatment
195–196

entropion 180
epilepsia partialis continua,

hemifacial spasm differential
diagnosis 102

erector spinae muscles 169–171
esophageal disorders, spastic 279–280
esophageal spasm, diffuse see diffuse

esophageal spasm
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esophageal sphincters see
cricopharyngeal muscle; lower
esophageal sphincter

esotropia 174, 175
essential tremor 163–164
hand 165
head 164–166
palatal 92, 93

European production of BoNT
9–10

eustachian tube, patulous 93, 94
extensor carpi radialis brevis muscle 79,

81, 141
extensor carpi radialis longusmuscle 79

81, 141
ultrasonography 140

extensor carpi ulnaris muscle 79, 141,
149

extensor digitorum communis muscle
79, 81

extensor hallucis longus muscle
116–117, 143, 153

extensor indicis proprius muscle
78, 79

extensor pollicis brevis muscle 80
extensor pollicis longus muscle 78–79,

80
external urethral sphincter 292
extraocular muscles 174, 175
eye(s), cosmetic use of BoNT 185–186,

188
eye disease treatment 174
endocrine disorders 177–178
entropion 180
lacrimal gland injection 179–180
protective ptosis 178–179
see also blepharospasm; hemifacial

spasm; nystagmus; strabismus
correction

eyebrows, cosmetic treatment
186–187

eyelids
lower lid ecchymosis 187
retraction 178
endocrine myopathy 177–178

face
muscular anatomy 182
wound healing 211

facial esthetic market 14
facial myokymia, hemifacial spasm

differential diagnosis 101
facial sculpting 189–190
facial synkinesias, hemifacial spasm

differential diagnosis 102
facial tics, hemifacial spasm differential

diagnosis 102
FAIR test 261, 262
piriformis syndrome 261, 265

finger flexion 75

flexion, adduction and internal rotation
see FAIR test

flexor carpi radialis muscle 77, 78, 113,
112–113

localization 78
ultrasonography 129

flexor carpi ulnaris muscle 77, 78, 113,
112–113

localization 78
flexor digitorum brevis muscle 243, 244
flexor digitorum longus muscle 143, 154
flexor digitorum profundus muscle 76,

110–111, 141
injection 111
localization 76

flexor digitorum superficialis muscle
75–76, 110

injection 111
localization 76

flexor hallucis longus muscle 143, 154
flexor pollicis brevis muscle 75, 139
localization 75

flexor pollicis longus muscle 74–75,
112, 139

injection 112
localization 75
ultrasonography 145

fluoroscopic guidance for BoNT
injection 108

focal hand dystonia
definition 71
dopamine dysfunction 71
extensor pattern 74
flexor pattern 74
genetic factors 71
gray matter volume 71
occupational 71, 72, 82–83
pathogenesis 71
see also musician’s cramp; writer’s

cramp
food-borne botulism 1, 5
ancient times 1

foot drop, flaccid 110, 114
ankle‒foot orthosis 123

foot injection in spasticity 143
eversion spasm 145

forearm
spasticity 139–140
ultrasonography 141, 142, 143, 144,

145, 149
forehead
cosmetic use of BoNT 184–185,

185, 186
wound healing 213, 214

Frey’s syndrome see gustatory sweating

gastric tube for botulism patients 4
gastrocnemius muscle 114–115,

114, 142–143
ultrasonography 129, 150

gastroesophageal reflux, dysphagia
following laryngectomy 92

gastrointestinal tract 278–285
achalasia 278–279, 280
anal fissures
BoNT use in healing 213, 284, 285
chronic 282–284

cricopharyngeal dysplasia 93, 278
injection site 93

gastroparesis 282
hypertrophic pyloric stenosis 282
motility 281
obesity 281–282
proctalgia fugax 285
puborectalis syndrome 284–285
pyloric obstruction syndrome 282
spastic esophageal disorders

279–280
sphincter of Oddi dysfunction

280–281
genioglossus muscle 68–69
geniohyoid muscle 65, 67
genitalia, male 292
glabella, cosmetic use of BoNT

183–184, 183, 185
glutamate, BoNT A
headache pain 225
neuropathic pain 217

glutamic acid decarboxylase 168
golfer’s dystonia 82
gout 233
Graves’ disease 174, 178
gray matter
progressive encephalomyelitis with

rigidity 168
volume in focal hand dystonia 71

great toe extension/flexion, spasticity
143

gustatory sweating 92, 95–97, 98

hamstring muscles 116, 123
spasticity 171
ultrasound guidance 144

head tremor, essential 164–166
headache disorders 222–230
BoNT therapy 224–230
adverse events 230
cervical paraspinal injection site
227

corrugator injection sites 226
efficacy 226–230
formulations 224
frontalis injection sites 227
mechanism of action 224–225
occipitalis muscle injection sites 227
technique 226
temporalis muscle injection sites
227

trapezius muscle injection sites 228
treatment guidelines 225
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trigeminovascular neuron
sensitization 225

chronic daily 222, 228–229
classification 222–223
clinical aspects 222–223
diagnostic criteria 222–223
dural afferents stimulation 225
exploding 225
imploding 225
ocular 225
pathophysiology 223
treatment 223–224
BoNT 224–230
medications 223
prophylaxis 224

trigeminal nucleus caudalis 225
see also migraine headache;

tension-type headache
heel pain 243
hemagglutinins 18
adjuvant function 18

hemifacial spasm 9, 101–105
BoNT therapy 102, 103, 174
beneficial effects 102–103
dosage 103
injection technique 105
side effects 102

causes 101
clinical features 101
diagnostic tests 102
differential diagnosis 101–102
epidemiology 101
facial nerve vascular compression 101
muscles involved 101, 103
surgical treatment 102
tremor 101

hemimasticatory spasm, hemifacial
spasm differential diagnosis 102

Hengli 10
heroin, black-tar 6
herpes zoster 218
hip
adductor muscles 115–116, 124–125,

144
ultrasonography 156

flexor muscles 123
pain treatment with BoNT 240

H-reflex 261, 262
piriformis syndrome 261, 262

hyoglossus muscle, lingual
oromandibular dystonia 68–69

hyperhidrosis 194–201
BoNT therapy 196–201
analgesia 197
axillary 198–200
dosage 197
iontophoresis 197
palmar 200–201
technique 198–201

cranial 198

craniofacial 195–196
definition 194
diagnosis 194, 195
history taking 194
impairment 194
prevalence 194
segmental 198
treatment 194–196

algorithms 196, 196
aluminium chloride salts 194–195,
201

BoNT 196–201
cryoanalgesia 197
endoscopic thoracic
sympathectomy 195–196

oral anticholinergic drugs 195
surgery 195
tap water iontophoresis
195, 201

see also primary axillary
hyperhidrosis; primary focal
hyperhidrosis

Hyperhidrosis Disease Severity Scale
194, 195

hyperlacrimation 92, 98
hypersalivation 92, 94–95, 98

iliac muscle 250, 252
iliocostal muscle 257
iliocostalis cervicis muscle 25
iliopsoas muscle 123, 169, 248, 249–253
anatomy 249–250
contracture 250, 254
examination 251–253
function 254
imaging 255
innervation 250
low back pain 248, 249–253
myofascial syndrome 250–253

treatment 250, 253
symptoms 250–251
tension 252
trigger points 251, 252–253,

253, 255
ultrasound guidance for injection 4,

130–132
infant botulism 1, 5–6
infantile esotropia 175
inferior oblique muscle, strabismus

correction 177
inferior rectus muscle 178
strabismus correction 177

inflammatory mediators, neuropathic
pain 216

incobotulinumtoxinA (Xeomin)
10

abductor spasmodic dysphonia
treatment 89

adductor spasmodic dysphonia
treatment 88

blepharospasm treatment 61, 62
cervical dystonia treatment 31
cosmetic use 181, 184, 185, 186,

187–189
cricopharyngeal muscle

spasms 92
gustatory sweating 97
headache disorders 224
hemifacial spasm treatment 102,

103, 104
hyperlacrimation 98
hypersalivation 95
intrinsic rhinitis 97–98
oromandibular dystonia treatment
jaw-closing 66, 67
jaw-opening 67–68
lingual 68–69
pharyngeal 69

palatal tremor 93–94
primary axillary hyperhidrosis 197
reconstitution 32
rhinorrhea 97–98
spasticity treatment 108
specific potency 19
tics 163
vocal tremor 90

interarytenoid muscle 85
BoNT injection 90

intermittent exotropia 175
internal anal sphincter 282–284
spasm 285

interspinal cervicis muscle 25
intertransversarii cervicis muscle 25
intrinsic rhinitis 92, 97–98, 99
iontophoresis, tap water 195,

197, 201

Janetta operation 102
jerky stiff-man syndrome 169
joint(s)
chronic inflammation 234
neurobiology 234
peripheral sensitization 234

joint pain 234
BoNT therapy 234–241, 236
refractive osteoarticular 234–238

Kerner, Justinus 2–4, 2–3, 174
poems 4, 6

knee
refractory pain treatment with BoNT

235–238, 238, 240
spasticity
extensor posturing 116
flexion spasm 116

lacrimal duct stenosis 98, 100
lacrimal gland 100
injection 100, 180

lagophthalmos 174, 179, 179
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laryngeal muscle hyperactivity
syndromes 85–90

injection technique 87, 88
muscle anatomy 86
spasmodic dysphonia 85–89
spasmodic laryngeal dyspnea 89
vocal tremors 89–90

laryngectomy 92
dysphagia following 92, 92
speech problems following 92

lateral cricoarytenoid muscle 85
BoNT injection 90

lateral pterygoid muscle 67, 86
lateral rectus muscle 176
strabismus correction 177

laterocaput 39–43, 50
muscles involved 43

laterocollis 28, 29, 36, 39–43
caput distinction 39–43
compensation 41
muscles involved 43
see also cervical dystonia

latissimus dorsi muscle 113, 114, 137, 138
lectins 18
leg
plantar flexor muscles 150
spasticity
extension spasm 145
flexion spasm 144

ultrasonography 152, 153, 154, 155,
156, 157, 158

Lesch‒Nyhan syndrome 64
levator muscle 179
eyelid retraction 177–178

levator palpebrae superioris muscle 60
levator scapulae muscle 25, 44, 54–55
ultrasonography 57

lips
cosmetic treatment 187–188
through-and-through defect in

infant 212, 213
longissimus capitis muscle 55–56, 86
ultrasonography 56

longissimus cervicis muscle 25
longissimus muscle 256, 257
longus capitis muscle 26, 52, 53
longus colli muscle 26, 50, 52, 53
low back pain 247–257
factors involved 247
prevalence 247
trigger points 249, 253
see also iliopsoas muscle; lumbar

paravertebral muscles;
quadratus lumborum muscle

lower esophageal sphincter
achalasia 280
hypertension 279–280
relaxation failure 278–279

lumbar paravertebral muscles 169, 248,
253–257

anatomy 253–256
deep 254
EMG 257
examination 256
innervation 256
low back pain 248, 253–257

treatment 250, 256–257
superficial 254
symptoms 256

major histocompatibility complex
presentation of BoNT peptides
17

mandibular contouring 189–190
Marsden, C David 10
masseter muscle 65, 65–66, 189–190
hypertrophy 191

medial pterygoid muscle 65
oromandibular dystonia 66

medial rectus muscle 175, 178
strabismus correction 177

Meige’s syndrome 85, 101
mentalis muscle 188–189, 189
migraine headache 216, 222
BoNT therapy

efficacy 228, 229–230
mechanism of action 224–225
technique 226
treatment guidelines 225

chronic 222, 229–230
pathophysiology 223
treatment

medications 223
prophylaxis 224

mouse bioassay 16
mouse diaphragm bioassay 16–17
mouth, cosmetic use of BoNT 187–188,

189
Mueller muscle, eyelid retraction

177–178
Müller (1869) 4
multifidus muscle 26, 257
muscarinic receptors, bladder 288–289
muscle contraction, abnormal in

neuropathic pain 216
muscle weakness 14
musician’s cramp (dystonia) 71,

72–73
BoNT therapy 82
gray matter volume 71
neurorehabilitation 82
treatment 82

myasthenia, chronic 175
mylohyoid muscle 67, 95, 65
Myobloc/NeuroBloc 9

see rimabotulinumtoxinB
myofascial pain 216

nasalis muscle 187
nasopharynx 94

neck
cosmetic use of BoNT 189
wound healing 211
see also cervical dystonia

neck muscles 25–28
complex cervical dystonia 43–44
superficial 27
ultrasound-guided injections 52–56
see also antecollis; laterocollis;

retrocollis; torticollis
“Nefertiti lift” 190, 191
NeuroBloc/Myobloc 9

see rimabotulinumtoxinB
neurogenic bladder 288
Neuronox 10
neuropathic pain 216–219
abnormal muscle contraction 216
BoNT therapy 216–217
dilution/dose 219, 220
mechanism of action 217, 217
side effects 219
technique 219, 220

capsaicin (vanilloid) receptor
translocation blockage by
BoNT 217

extracellular ATP 217
inflammatory mediators 216
neurotransmitters 216, 217
pathophysiology 216
see also diabetic neuropathy;

post-herpetic neuralgia;
trigeminal neuralgia

N-methyl-d-aspartate (NMDA) receptor,
neuropathic pain 216

non-steroidal anti-inflammatory drugs
(NSAIDs) 233

norepinephrine, BoNT A
neuropathic pain 217
Raynaud’s phenomenon 205

nose, cosmetic use of BoNT 187, 187
NSAIDs see non-steroidal anti-

inflammatory drugs
nystagmus 174
orbital injection 179

obesity 281–282
intraparietogastric injection of

BoNT 281–282
oblique arytenoid muscles 89
obliquus capitis inferior muscle 26, 39,

40, 44, 56
BoNT injection 72
ultrasonography 57

obliquus capitis superior muscle
26, 44

Oculinum 9, 10
onabotulinumtoxinA (Botox) 9
blepharospasm treatment 61, 62
cerebral palsy treatment 122,

125–126
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cervical dystonia treatment 23, 31
chronic pelvic pain 290–291
cosmetic use 181, 184, 185, 186,

187–189
cricopharyngeal muscle spasms 92
essential head tremor 164
essential tremor 163–164
gustatory sweating 97
headache disorders 224, 226–228, 230
hemifacial spasm treatment 102, 103,

104
hyperlacrimation 98
hypersalivation 95
indications for use 10
intrinsic rhinitis 97–98
non-responsiveness 171
oromandibular dystonia treatment
jaw-closing 66, 67
jaw-opening 67–68
lingual 68–69
pharyngeal 69

overactive bladder treatment 289
palatal tremor 93–94
plantar fasciitis treatment 244–245
primary axillary hyperhydrosis

196–197
Raynaud phenomenon 204–207, 206
reconsitution 32
refractory joint pain 234–238
rhinorrhea 97–98
spasmodic dysphonia treatment
abductor 89
adductor 88

spasticity treatment 108
specific potency 18–19
stiff-person syndrome 170–171, 172
temporomandibular joint pain

239–241
tennis elbow 238
tics 160–161, 163
vocal tremor 90

opioids 223
oral muscles 65
orbicularis oculi muscle 60, 61, 176

185–186
orbicularis oris muscle 187, 213
oromandibular dystonia 64
clinical features 64
epidemiology 64
etiology 64
hemifacial spasm differential

diagnosis 101–102
idiopathic 64
injection techniques 65
jaw-closing 64, 66
masseter muscle denervation
65–66

medial pterygoid muscle
denervation 66

temporalis muscle 66–67

treatment 65–67
jaw-deviating 66, 68
jaw-opening 64 66

digastric muscle 67
geniohyoid muscle 67
lateral pterygoid muscle
denervation 67

mylohyoid muscle 67
submental complex 67
treatment 67–68

lingual 68–69
muscle afferent block 64–65
neurodegenerative disorders 64
pallidal deep brain stimulation 65
pharyngeal 69
secondary 64
sensory tricks for alleviation 64
treatment 64–69, 65

individualizing 65
jaw-closing 65–67
jaw-opening 67–68

oropharyngeal dysphagia 278
BoNT-induced 278

osteoarthritis 233
refractory joint pain 234–238
treatment 233

otorhinolaryngology 92
dysphagia following laryngectomy 92
Frey’s syndrome 92, 95–97
gustatory sweating 92, 95–97
hyperlacrimation 92, 98
hypersalivation 92, 94–95
intrinsic rhinitis 92, 97–98
palatal tremor 92, 92–94
rhinorrhea 97–98
sialorrhea 92, 94–95
speech problems following

laryngectomy 92
outlet obstruction syndrome 284–285
overactive bladder 288–290
anticholinergic medication 289
BoNT treatment 289–291

pain/pain conditions
anti-nociceptive effects of BoNT 234,

235
BoNT uses 14
chronic pelvic pain 291
heel 243
joint 234
vasospastic 217
vulvodynia 290–291
see also arthritis; joint pain; low back

pain; neuropathic pain; plantar
fasciitis; thoracic outlet
syndrome

palatal tremor 92, 92–94
palmaris longus muscle 76, 77, 92
pancreatitis, risk with sphincter of Oddi

dysfunction 280

pantothenate kinase-associated
neurodegeneration 64

paraspinal muscles
cervical 56, 227
low back 169–170

paratubal muscles 94
paravertebral muscles 256
Parkinson’s disease, resting tremor 166
parotid gland 94, 95, 97
surgery for gustatory sweating 95

patulous eustachian tube 93, 94
pectoralis major muscle 113, 137, 274
pectoralis minor muscle 113, 274–275
pectoralis muscles 114, 137–138
pelvic floor dyssynergia 284–285
pelvic floor muscles 290
pelvic pain, chronic 291
periocular muscles, anatomy 60–61
peristaltic activity of stomach 283
peroneus muscles 145, 159
physical therapy
arthritis 233–234
piriformis syndrome 264

piriformis muscle 259, 260, 263
piriformis syndrome 259–267,

262, 263
adhesions 259, 261
anatomic variations 259–260
BoNT treatment 264–267, 265
adverse effects 266
EMG guidance 265
guidance 265
physical therapy coadministration
266–267

relapse 266–267
technique 264–265, 265, 266

causes 261
clinical signs 259
clinical tests 259
compression 259, 260–261
diagnosis 261–264
electrophysiology 261–262
EMG 262
FAIR test 261
H-reflex 261, 262
incidence 259
MRI 262–263
neural scanning 262–263
pathogenesis 259–261
relapse 266–267
sciatic nerve 260
sural sensory nerve action potentials

262
treatment 264–267
BoNT 264–267
physical therapy 264
physical therapy coadministration
with BoNT 266–267

steroid injections 264
surgical 264
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plantar fascia 244
anatomy 243

plantar fasciitis 243–245
anatomic changes 243
BoNT therapy
injection sites 245
randomized prospective studies
244–245

rationale for use 243–244
technique 245

pathophysiology 243
prevalence 243
treatment 243

plantar flexion spasm 110, 114–115
spasticity 110, 114–115, 142–143

platysma muscle 190, 190, 191
wound healing 211

poisoning, intentional 1
post-herpetic neuralgia 216
BoNT therapy 218–219, 219

poverty 1–2
primary axillary hyperhidrosis

194–195, 199
treatment 195–196
algorithm 196
BoNT injection
196–197, 198–200

primary focal hyperhidrosis 194
diagnosis 194, 195
palmar 195
BoNT treatment 197
treatment 195–196, 200
treatment algorithm 196

plantar 195
treatment 195–196

treatment 194–196
algorithm 196
axillary 196, 198–200
BoNT 196–201
palmar 196, 200–201

primary hyperhidrosis 197–198
see also hyperhidrosis; primary

axillary hyperhidrosis; primary
focal hyperhidrosis

procerus muscle 187
proctalgia fugax 285
progressive encephalomyelitis with

rigidity 168
progressive external ophthalmoplegia,

strabismus correction 175
pronator muscle group 78
pronator quadratus muscle 77–78
pronator teres muscle 77, 131, 134,

139–140
prostate gland 292
proximal interphalangeal joint flexion,

spasticity 110
psoas major muscle 249–250, 252
psoas minor muscle 250, 252
ptosis, protective 178–179, 178, 179

puborectalis muscle 284–285, 286
puborectalis syndrome 284–285
pyloric obstruction syndrome 282
pyloric spasm, Whipple procedure

282

quadratus lumborum muscle 169, 248
anatomy 247
examination 250
low back pain 247–249, 248

examination 248
symptoms 247–248
therapy 249, 250, 252

trigger points 249
X-ray 251

quadriceps muscle group 116, 116

radiculopathy pain 216
Raynaud’s phenomenon 203–208
angiography 204
BoNT therapy 204–208, 209

contraindications 207–208
indications 207
laser Doppler scan 209
neurotransmitter function 205
pain resolution 205
technique 205–207

clinical appearance 204
definition 203
digital artery sympathectomy 203
primary 203
secondary 203
symptoms 203
treatment 203–208

BoNT 204–208
medication 203, 206
surgical 203

rectus capitis muscle anterior 26
lateralis 26
posterior major 26
posterior minor 26

rectus femoris muscle 145, 157
retinal detachment 175
retrocaput 43
retrocollis 25, 28, 29, 42
muscles involved 25, 43
see also cervical dystonia

rheumatoid arthritis 233
rhinitis see intrinsic rhinitis
rhinorrhea 97–98, 99
ricin 18
rimabotulinumtoxinB (NeuroBloc/

Myobloc) 9
adductor spasmodic dysphonia

treatment 88
antibody-induced therapy failure

19
cervical dystonia therapy 23
cricopharyngeal muscle spasms 92
gustatory sweating 97

headache disorders 224
hemifacial spasm treatment 102,

103, 104
hyperlacrimation 98
immunogenic potential 19–20
intrinsic rhinitis 97–98
oromandibular dystonia treatment 66
jaw-opening 67–68

overactive bladder treatment 289
palatal tremor 93–94
primary axillary hyperhidrosis 197
reconstitution 32
rhinorrhea 97–98
spasticity treatment 108
tics 163
vocal tremor 90

Roggenkamper P 10
Ross syndrome 197–198, 198
rotatores cervicis muscle 26

sausage poison 1–3, 3, 174
scalene muscle
anterior 26, 52–54, 270–271
thoracic outlet syndrome
273–274

BoNT injection in thoracic outlet
syndrome 273–274

middle 26, 52–54, 270–271
posterior 27, 52–54
ultrasonography 54

scars, visible 210
Schantz, Edward 8, 9
sciatic nerve 260
see also piriformis syndrome

sciatica 259
see also piriformis syndrome

Scott, Alan B 8–9
seizures, focal
EEG 102
hemifacial spasm differential

diagnosis 102
semimembranosus muscle 144
semispinalis capitis muscle 27,

55–56
semispinalis cervicis muscle 27
semitendinosus muscle 144, 157
shoulder adduction/internal rotation

in spasticity 114, 109, 120–121
ultrasound guidance 137–138

sialorrhea 92, 94–95
skeletal muscle, ultrasonography 50,

128–129, 129, 133–135
small angle esotropia 174
SNARE proteins 12
non-neuronal 14
SNAP-23 14
SNAP-25 12, 16
synaptobrevin 12
syntaxin 12

soft palate muscles 92–93, 94
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soleus muscle 114–115, 114, 142–143,
150, 152

spasmodic dysphonia 85–89
clinical features 85
mixed type 85
stress 85
symptoms 85
treatment 85–88
types 85
with vocal tremor 85

spasmodic laryngeal dyspnea 89
BoNT treatment 90

spasmodic torticollis 22
see also cervical dystonia

spastic diplegia 120, 123, 124, 126
surgical treatment 123

spastic equinus 123
spastic esophageal disorders 279–280
spastic hemiplegia 120–123, 121, 126
lower limb 123, 123
upper limb 120–121

spastic quadriplegia 120, 123–125
with pseudobulbar palsy 126

spasticity 107–117
adductor spasm 115–116, 144
BoNT therapy
chemodenervation 107
dilution 107, 108
guidance techniques for injection
108

individual muscle doses 107–108
injection placement 108
injection techniques 133
lower limb treatment 109,
114–117, 142–145

maximum doses 107, 108
recommended doses 109
ultrasound guidance 108, 133–145
upper limb treatment 109,
110–114, 137–142

cerebral palsy 119
clenched fist 141
clinical characteristics 107
distal interphalangeal joint flexion

110–111
elbow extension 141
elbow flexion 113–114, 120–121
ultrasound guidance 138

fixed contractures 124–125
foot injection 143
eversion spasm 145

forearm 139
great toe extension/flexion 143
knee
extensor posturing 116
flexion spasm 116

leg
extension spasm 145
flexion spasm 144

patterns 108–110, 110

plantar flexion spasm 110, 114–115,
142–143

proximal interphalangeal joint
flexion 110

scheme 120
scissoring 108
shoulder adduction/internal rotation

109, 114, 120–121
ultrasound guidance 137

thumb curling 111–112, 120–121
ultrasound guidance 139

toe extension 116–117
toe-walking pattern 108
see also wrist extension; wrist flexion

speech problems
following laryngectomy 92
vocal tremor 89–90, 90, 164
see also spasmodic dysphonia

sphincter of Oddi dysfunction
280–281, 282

BoNT therapy 281
pancreatitis risk 280
surgical treatment 281

spina erecti muscles 170
splenius capitis muscle 27, 55
essential head tremor 164–166
ultrasonography 56

splenius cervicis muscle 27, 44
Steinbuch JG 2
sternocleidomastoid muscle 28,

52, 94
essential head tremor 164–166
ultrasonography 52, 53, 54

stiff limb syndrome 169
BoNT therapy 170, 171

stiff-person syndrome 168–171
atypical (SPS-Plus) 168–169
BoNT injection 169–171

dosage 172
injection sites 172
non-responsiveness 171
side effects 171

clinical features 168–169
erector spinae 169–170
jerky stiff-man syndrome 169
idiopathic 168
low back paraspinal muscles

169–170
multifidius bands 170
paraneoplastic 168
progressive encephalomyelitis with

rigidity 168
treatment 169–171

BoNT 169–171
variants 168–169
Yale treatment protocol 170–171

stomach
endoscopic injection 284
gastroparesis 282
peristaltic activity 283

strabismus correction 8, 9, 10, 174
adverse outcomes 177
after cataract 175
after retinal detachment 175
anesthesia 176–177
BoNT injection 174–177
with bupivacaine 177
dosage 176

bupivacaine 177
cerebral palsy 175
complications 177
EMG guidance 175
indications 175
inferior oblique muscle 177
inferior rectus muscle 177
lateral rectus muscle 177
medial rectus muscle 177
sixth nerve paralysis 175

subclavius muscle 275–276
submandibular gland 94–95,

96, 97
injection sites 98
injection technique 97

substance P
BoNT A
headache pain 225
neuropathic pain 217
Raynaud’s phenomenon 205

neuropathic pain 216
supinator muscle 140, 148, 149
sural sensory nerve action potentials
piriformis syndrome 262
thoracic outlet syndrome 271

surgical treatment
achalasia 278–279
blepharospasm 62
hemifacial spasm 102
hyperhidrosis 195
piriformis syndrome 264
Raynaud’s phenomenon 203
spastic diplegia 123
sphincter of Oddi dysfunction 281

sweat gland thermolysis 195
sweating
compensatory 196
gustatory 98, 197
see also hyperhidrosis

symptomatic palatal tremor 93
synaptotagmin II mutation 19

T-cells, BoNT reactions 17
tardive dyskinesia 85, 160
tardive dystonia 64
telegrapher’s cramp 82
temporalis muscle 65, 66–67
temporomandibular joint pain

238–241, 240
tendon injuries, BoNT use in healing

214
tennis elbow 238, 239
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tension-type headache 222
chronic 222, 230
pathophysiology 223
treatment
BoNT 230
medications 223

teres major muscle 113, 114, 138–141
tetrabenazine 160
thenar muscles 146
thermolysis, eccrine sweat glands 195
thoracic outlet, anatomy 270–271
thoracic outlet syndrome 269–276
BoNT therapy 269–270, 271–276
anterior scalene injections
273–274

guidance 269–270
mechanism of action 269
muscle targeting 269–270
pectoralis minor muscle 274–275
scalene muscles 273–274
subclavius muscle 275–276
ultrasound guidance 272–276

classification 270
combined neurovascular 270
diagnosis 270, 271
diagnostic use of BoNT 269
differential diagnosis 271
electrodiagnostic testing 271
epidemiology 271
imaging 271
neurogenic 270
non-specific 270, 271
signs/symptoms 270
sural sensory nerve action potentials

271
treatment 271–276
vasogenic 270, 271
workup 271

thoracolumbar spinal nerves 256
thumb curling in spasticity 111–112,

120–121
ultrasound guidance 139

thyroarytenoid muscle 85, 86
BoNT injection 90

tibialis anterior muscle 129, 133
tibialis posterior muscle 115, 132,

153
tics 160–163
BoNT injection 160–163
dosage 163
muscles injected 163

clinical features 160
motor 160
phonic 160
treatment 160
BoNT 160–163

tip toe gait 123
spastic diplegia 123

toe extension
great toe 143

spasticity 116–117
torticaput 38–39
imaging 40
muscles involved 43

torticollis 27, 28, 29, 39
caput distinction 38–39
imaging 40
muscles involved 43
neck muscles 27, 28
spasmodic 22
see also cervical dystonia

Tourette’s syndrome 160
transverse arytenoid muscles 89
trapezius muscle 28, 55, 228
ultrasonography 56, 57

tremor 163–166
BoNT injection 163–166

dosage/technique 166
clinical features 163
hemifacial spasm 101
Parkinson’s disease 166
treatment

BoNT 163–166
options 163

vocal 89–90, 90, 164
see also essential tremor

triceps brachii muscle 141, 147
trigeminal neuralgia 216
BoNT therapy 218, 219

trigeminal nucleus caudalis, headache
disorders 225

typist’s cramp 82

ultrasonography
acoustical impedance 134
echogenicity 133–134
longitudinal plane 134–135
muscle morphology 128–129
out-of-plane technique 51
skeletal muscle 50, 128–129, 129,

133–135
transverse plane 134–135

ultrasound guidance
cervical dystonia therapy with

BoNTs 46–57
anatomic reference guide
comparison 48

complex condition 44
electrical stimulation comparison
48–49

muscles targeted 52–56
needle insertion 50–52
technical requirements/
techniques 49–52

tissue characteristics 49–52
transducers 49
ultrasound machines 49

characteristics 136
spasticity treatment with BoNT 108,

133–145

accuracy 135
advantages 128
blood vessel identification 135
children 128–132
iliopsoas muscle 130–132
indirect technique 129
injection approach 129–132
lower limb 142–145
muscle depth/thickness 135
needle parallel to long axis of
probe 130

needle perpendicular to long axis
of probe 130–131

nerve identification 135
obese patients 135
patient preparation 129
real-time technique 129
reasons for 135–136
technical prerequisites 128
technique 129–132, 136–137
time for muscle identification 135
upper limb 137–142

thoracic outlet syndrome BoNT
injection 272–276

upper esophageal sphincter see
cricopharyngeal muscle

urethral sphincter 292, 293
urethral wounds, BoNT use in healing

214
urological disorders 288–293
benign prostatic hyperplasia

291–292
chronic pelvic pain 291
detrusor sphincter dyssynergia

292–293
neurogenic bladder 288
overactive bladder 288–290
vulvodynia 290–291

vaginal muscles 290
van Ermengem, Emile Pierre

Marie 4
vanilloid (capsaicin) receptor,

neuropathic pain 217
vasospastic pain 217
vastus intermedius muscle 157
vastus lateralis muscle 145
vastus medialis muscle 145, 157
velopharyngeal insufficiency,

iatrogenic 94
vesicle-associated membrane protein-2

see synaptobrevin
vestibulodynia/vestibulitis 290
vocal cord, BoNT injection 89–90
vocal tremors 89–90, 164
BoNT therapy 90

vulvodynia 290–291

Wang, Yichun 10
wasp stings 16
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Whipple procedure, pyloric
spasm 282

wound botulism 1, 6
wound healing 210–215
BoNT use
anal fissures 213
animal model 211–212, 211
bone fractures 214
clinical trial 212–213
cutaneous scar 214–215
human use 212–213
principle 211
tendon injuries 214
urethral wounds 214

chemo-immobilization of cutaneous
wounds 211–212

clinical trials 212–213
human use 212

clinical care 210
face 211, 213, 214
forehead 213, 214
inflammatory phase 210
neck 211

process 210
proliferative phase 210
relaxed skin tension lines 211
scar maturation 210
tension 210–211

anatomic location 211
wounds across relaxed skin
tension lines 211

wrist extension 80, 81
spasticity 141

wrist flexion 75
flexor pattern 75
focal flexor pattern 75
spasticity 112–113, 112, 120–121

ultrasound guidance 137–138
writer’s cramp 71–72
arm abduction 80
BoNT therapy 73–82

adverse effects 82
dosage 83
EMG guidance 74
injection sites 74
muscles injected 74–80

needle position verification 80–82
clinical subtypes 72
disability 72
focal extensor pattern muscles

78–79
focal flexor pattern muscles

74–75
generalized extensor pattern

muscles 79
generalized flexor pattern muscles

75–78
gray matter volume 71
incidence 71
limb immobilization 73
mirror dystonia 72, 73–74
proximal arm dystonia 80
sensory training 73
treatment 73–82

Xeomin 10, 20
see incobotulinumtoxinA

“yips” 82
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