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Welcome to issue four of Spasticity Management Research Review.
This issue includes two papers that examine the effects of extracorporeal shock wave therapy in the management 
of post-stroke spasticity and chronic hemiplegia, respectively, while a third paper describes outcomes with 
segmental muscle vibration in multiple sclerosis spasticity. Although the authors of these studies perceive 
various benefits with these therapeutic modalities, the evidence remains unconvincing for now.

In another paper, US researchers summarise injection patterns of onabotulinumtoxinA in adult patients treated 
for upper- or lower-limb spasticity. They report quite extensive variation in dosing practices and they note that 
practitioners need to be aware of local regulatory approvals and regulations.

We hope you find this edition of interest to your clinical practice and we welcome your comments and feedback.

Kind Regards,

Associate Professor Barry Rawicki
barry.rawicki@researchreview.com.au

OnabotulinumtoxinA muscle injection patterns in adult 
spasticity: a systematic literature review
Authors: Nalysnyk L et al.

Summary: These researchers systematically reviewed the published evidence on injection patterns (i.e., muscle 
distribution, dosing) of onabotulinumtoxinA in adult patients treated for any cause of spasticity. The review 
included 70 clinical trials and observational studies (28 randomised, 5 nonrandomised, and 37 single-arm 
studies) published between 1990 and 2011 reporting data on muscles injected with onabotulinumtoxinA 
involving a total of 2163 adult patients. The most frequently injected upper-limb muscles were the flexor carpi 
radialis (64.0% of patients), flexor carpi ulnaris (59.1%), flexor digitorum superficialis (57.2%), flexor digitorum 
profundus (52.5%), and biceps brachii (38.8%). The most frequently injected lower-limb muscles were the 
gastrocnemius (66.1% of patients), soleus (54.7%), and tibialis posterior (50.5%). The overall dose range 
reported was 5–200 U for upper-limb muscles and 10–400 U for lower-limb muscles.

Comment: There are a number of articles considering the use of botulinum toxin in spasticity management. 
The first of these is this review of muscle selection for injection of onabotulinumtoxinA (Botox, Allergan) 
in the upper and lower limb, reviewing 70 articles published between 1990 and 2011. Not surprisingly, 
wrist and finger flexors are the most frequently muscles in the upper limb and gastrocnemius, soleus and 
tibialis posterior in the lower limb. The article is descriptive and non-judgemental. I found it very interesting. 
Of particular interest to me was that the flexor carpi radialis is the most commonly injected upper limb 
muscle whereas anatomically by nature of its course the flexor carpi ulnaris is a much stronger muscle 
and in my experience more frequently a problem than the flexor carpi radialis. Equally, the flexor digitorum 
superficialis in my clinical practice is much more likely to have symptomatic spasticity than the flexor 
digitorum profundus. I was also a little surprised that the biceps, the main supinator of the arm, was the 
most frequently injected elbow flexor.

Reference: BMC Neurol 2013;13(1):118
http://www.biomedcentral.com/1471-2377/13/118
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Effect of ESWT on lower limb 
spasticity

ESWT in chronic hemiplegia

Vibration therapy ± BoNT  
in MS

Cannabinoids for spasticity 
management

Muscle atrophy following  
BoNT injections

Rabbit muscle recovery  
after BTX-A injections

Intrathecal baclofen in 
paediatric spasticity

Selective neurotomy for 
spastic equinovarus foot
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Abbreviations used in this issue:

BoNT = botulinum toxin
ESWT = extracorporeal shock wave therapy
ITB = intrathecal baclofen
MS = multiple sclerosis

Independent commentary by Associate Professor Barry Rawicki, who is a 
physician in rehabilitation medicine, having obtained his medical degree at the University 
of Melbourne in 1978, and his specialist qualifications in rehabilitation medicine in 1985. 
He was appointed Associate Professor in the Department of Medicine, Monash University in 1999. He is the 
Medical Director of Paediatric Rehabilitation for the Victorian Paediatric Rehabilitation Service at Monash 
Children’s Hospital. He is medical head of the Southern Health Clinical Gait Analysis Laboratory at Kingston 
Centre. Barry is head of rehabilitation for Epworth Rehabilitation Brighton. His main clinical and research 
interests are in spasticity management and gait analysis. He was involved in much of the pioneering 
work in Australia in the use of both botulinum toxin and intrathecal baclofen in spasticity management.
His other clinical, research and procedural interests are in chronic neurology and pain management.
He has published a number of papers and two book chapters in these areas.

Neurology
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Australian Minimum Product Information - BOTOX® (botulinum toxin type A) purified neurotoxin complex is a 
prescription medicine containing 100 units (U) of botulinum toxin type A for injection. Indications: *Urinary incontinence due 
to neurogenic detrusor overactivity resulting from a defined neurological illness (such as spinal cord injury or multiple 
sclerosis) and not controlled adequately by anticholinergic agents. This does not include idiopathic overactive bladder; 
prophylaxis of headaches in adults with chronic migraine (headaches on at least 15 days per month of which at least 8 days 
are with migraine); strabismus; blepharospasm associated with dystonia, including benign blepharospasm & VIIth nerve 
disorders (hemifacial spasm) in patients 12 years & over; cervical dystonia (spasmodic torticollis); focal spasticity of the upper 
& lower limbs, including dynamic equinus foot deformity due to spasticity in juvenile cerebral palsy patients 2 years & older; 
severe primary hyperhidrosis of the axillae; focal spasticity in adults; spasmodic dysphonia; upper facial rhytides (glabellar 
lines, crow’s feet and forehead lines) in adults. Contraindications: * Intradetrusor injection - acute urinary tract infection, 
acute urinary retention in patients who are not routinely catheterising, or who are not willing and/or able to initiate 
catheterisation post-treatment, if required; hypersensitivity to ingredients; myasthenia gravis or Eaton Lambert Syndrome; 
infection at injection site(s). Precautions: Different botulinum preparations are not therapeutically equivalent. Exercise 
extreme caution should substitution with another botulinum preparation be necessary. Botulinum toxin effects may be 
observed beyond site of local injection with symptoms consistent with mechanism of action and reported hours to weeks 
after injection. Symptoms may include muscular weakness, ptosis, diplopia, blurred vision, facial weakness, swallowing and 
speech disorders, constipation, aspiration pneumonia, difficulty breathing and respiratory depression. Risk of symptoms is 
greatest in children with spasticity, but can also occur in adults particularly those on high doses.  Swallowing/ breathing 
difficulties can be life threatening and there have been reports of death (relationship to BOTOX® not established). *Serious 
adverse events including fatal outcomes have been reported in patients who had received BOTOX® injected directly into 
salivary glands, the oro-lingual-pharyngeal region, esophagus and stomach. Use with aminoglycosides or drugs that 
interfere with neuromuscular transmission; peripheral motor neuropathic diseases or neuromuscular junctional disorders; 
*hypersensitivity reactions such as anaphylaxis and serum sickness, as well as urticaria, soft tissue oedema and dyspnoea; 
inflammation at injection sites; excessive weakness in target muscle; pregnancy & lactation. Generalised weakness & 
myalgia may be related to systemic absorption. Blepharospasm: Reduced blinking following injection of the orbicularis 
muscle can lead to corneal pathology.  Caution with patients at risk of angle closure glaucoma, including anatomically narrow 
angles. Strabismus: Inducing paralysis in extraocular muscles may produce spatial disorientation, double vision or past 
pointing.  Use in chronic paralytic strabismus only in conjunction with surgical repair to reduce antagonist contracture. 
Spasticity: Not likely to be effective at a joint affected by a known fixed contracture. Cervical Dystonia (spasmodic torticollis): 
Possibility of dysphagia or dyspnoea.  May be decreased by limiting dose injected into the sternocleidomastoid muscle to 
<100U. Primary Hyperhidrosis of the Axillae: Consider causes of secondary hyperhidrosis to avoid symptomatic treatment. 
Spasmodic Dysphonia: Laryngoscopy in diagnostic evaluation is mandatory.  Avoid treatment in patients due to have elective 
surgery requiring general anaesthesia.  Chronic migraine: Due to difficulties in establishing a diagnosis of chronic migraine, 
patients being considered for prophylaxis of headaches with BOTOX®  should be evaluated by a neurologist or pain 
management specialist prior to receiving treatment with BOTOX®. *Neurogenic Detrusor Overactivity: The intradetrusor 

administration of BOTOX® is only to be conducted by a urologist/urogynaecologist trained in this technique or by a urologist/
urogynaecologist under the direct supervision of a urologist/urogynaecologist who has been so trained. *Caution when 
performing cystoscopy. *Assess post-void residual volume post-treatment. Paediatric Use: Safety & effectiveness below 18 
years have not been established for *urinary incontinence due to neurogenic detrusor overactivity,  chronic migraine and 
below 12 years not established for blepharospasm, hemifacial spasm, cervical dystonia, hyperhidrosis, spasmodic dysphonia 
or upper facial rhytides. Safety & effectiveness below 2 years not established for focal spasticity. Caution should be exercised 
when treating patients with significant disability & co-morbidities and elderly. Caution should be exercised after treatment of 
BOTOX® as it can have an effect on the ability to drive and use machines. Adverse Reactions: Usually transient & occur 
within first week of injection. ≥1% Localised pain, tenderness, bruising, infection, local & general weakness, erythema, 
oedema, ptosis, irritation/tearing, vertical deviation, diplopia, sub-conjunctival & conjunctival haemorrhages, reversible 
increase in intra-ocular pressure, trigger finger, clumsiness, falling, hypokinesia, increased frequency of micturition, joint 
dislocation, muscle spasms, convulsions, nasopharyngitis, *dyspnea, pneumonia, *dry mouth, vomiting, contusion, leg pain/
cramps, fever, knee pain, ankle pain, lethargy, arm pain, hypertonia, fever/flu syndrome, accidental injury, incoordination, 
paresthesia, asthenia, headache, hyperkinesia, neck pain, dysphagia, perceived increase in non-axillary sweating, 
vasodilation, paralytic dysphonia (breathy dysphonia), aspiration, stridor, technical failure, blepharoptosis, face pain, 
ecchymosis, skin tightness, nausea, temporary lateral lower eyelid droop, eyebrow ptosis, eyelid swelling, aching/itching 
forehead, feeling of tension, seizures, migraine, facial paresis, musculoskeletal stiffness, myalgia, musculoskeletal pain, 
muscle tightness, injection site pain, pruritus, *rash, *urinary tract infection, *urinary retention, *fatigue, *insomnia, 
*constipation, *muscular weakness, *gait disturbance, *bladder diverticulum, *haematuria, *dysuria, *autonomic dysreflexia. 
Dose/Administration: Use one vial for one patient. Store reconstituted BOTOX® in refrigerator; use within 24 hours of 
reconstitution.  *Neurogenic Detrusor Overactivity: 200 U injected in detrusor muscle. Chronic migraine: 155U to 195U 
administered intramuscularly (IM) divided across 7 specific head/neck muscle areas. Blepharospasm: Initially 1.25U to 2.5U 
injected into upper lid medial & lateral pre-tarsal orbicularis oculi & into lower lid lateral pre-tarsal orbicularis oculi. Cumulative 
dose over 2 months should not exceed 200U. Strabismus: Initial doses 1.25 – 2.5U to 2.5 – 5.0U per muscle.  Maximum 
single injection for any one muscle is 25U. VIIth Nerve Disorders (hemifacial spasm): Dosing as for unilateral blepharospasm. 
Inject other facial muscles as needed. Focal Spasticity in Children 2 Years & Older: 0.5-2.0U/kg body weight for upper limb 
& 2.0-4.0U/kg body weight for lower limb. 4U/kg or 200U (the lesser amount) for equinus foot deformity. Other muscles 
range 3.0-8.0U/kg body weight & do not exceed 300U divided among muscles at any treatment session. Focal Spasticity in 
Adults: Individualise dosing.  Cervical Dystonia (spasmodic torticollis): Individualise dosing. Maximum dose 360U every 2 
months. Primary Hyperhidrosis of the Axillae: 50U intradermally to each axilla in 10-15 sites 1-2 cm apart. Spasmodic 
Dysphonia: Bilateral injections. Individualise dosing. Glabellar Lines:  2x4U in each corrugator muscle & 4U in the procerus 
muscle for 20U total dose. Crow’s Feet: 2-6U/injection site, 3 sites bilaterally in lateral orbicularis oculi. Forehead Lines: 2-6U/
injection site, 4 sites in frontalis muscle. Date of TGA approval:  20 March 2012

*Please note change(s) in Product Information

PBS Information:  
Section 100 Restriction.  

Refer to PBS for full 
information.

BEFORE PRESCRIBING, PLEASE 
REVIEW APPROVED PRODUCT 

INFORMATION AVAILABLE UPON 
REQUEST FROM ALLERGAN.

Allergan Australia Pty Ltd. 810 Pacific Highway,  
Gordon NSW 2072. ABN 85 000 612 831.
ANZ/0198/2012  LH2790  
BOTOX® is a registered trademark of Allergan. © Allergan Inc.
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The effect of extracorporeal shock wave 
therapy on lower limb spasticity in 
subacute stroke patients
Authors: Moon SW et al.

Summary: The effect of extracorporeal shock wave therapy (ESWT) 
was evaluated on lower limb spasticity in 30 hemiplegic subacute 
stroke patients with ankle plantar flexor spasticity. ESWT was applied 
for 1 session/week, with a total of 3 sessions at the musculotendinous 
junction of medial and lateral gastrocnemius muscles. Patients 
underwent clinical and biomechanical evaluations at baseline, after 
sham stimulation, immediately after ESWT, then at 1 week and 4 
weeks post-ESWT. Clinical assessments consisted of the Modified 
Ashworth Scale (MAS), clonus score, passive range of motion of 
ankle, and Fugl-Myer assessment of the lower limb. An isokinetic 
dynamometer tested spasticity. Peak eccentric torque (PET) and torque 
threshold angle (TTA) were analysed at the velocities of 60°/sec, 180°/
sec, and 240°/sec. No changes from baseline occurred after sham 
stimulation. Significant improvements from baseline in MAS scores and 
PET (180°/sec and 240°/sec) were observed immediately after ESWT 
and persisted 1 week later, but were no longer significant at 4 weeks 
after ESWT. PET (60°/sec) and TTA (60°/sec, 180°/sec, and 240°/sec) 
were significantly improved immediately following ESWT, but were not 
significant at 1 week and 4 weeks after ESWT.

Comment: See adjacent.

Reference: Ann Rehabil Med 2013;37(4):461-70
http://tinyurl.com/kqluqds

Extracorporeal Shock Wave Therapy reduces upper limb 
spasticity and improves motricity in patients with chronic 
hemiplegia: a case series
Authors: Troncati F et al.

Summary: Twelve patients with chronic hemiplegia underwent two sessions of ESWT and 
were assessed at baseline, after the treatment, then again at 3 and 6 months. All assessments 
included evaluations of muscle tone of shoulder adductors, elbow, wrist and finger flexors as 
determined by the MAS, while motricity, passive range of motion (PROM) and pain subscores 
of the upper extremity part of the Fugl-Meyer scale were used to assess motor recovery. MAS 
and Fugl-Meyer scores were significantly improved from baseline immediately after treatment. 
Effects persisted at 3 and 6 months for MAS, and for motricity and PROM subscores of the 
Fugl-Meyer scale. Clinical improvement did not correlate with patients’ perceived benefit, as 
determined by scores on a visual analogue scale.

Comment: This month, two articles look further at the growing literature on extracorporeal 
shock wave therapy (ESWT) and another article looks at segmental muscle vibration as 
physical therapies aimed at managing post stroke (ESWT) or MS spasticity. At this stage, 
the evidence for long-term benefits from this form of treatment remains unconvincing. In the 
first of the articles on ESWT (Moon et al.), clinical and biomechanical assessments of spasticity 
found that three sessions of ESWT produced a very short-lasting reduction in spasticity of 
the calf. The article concludes, as do many articles on ESWT, that further testing is needed.

The second article on this topic this month (Troncati et al.) looks at upper limb spasticity in 
chronic hemiplegia in a small number (12) of patients given two treatments of ESWT using 
only clinical measures. They conclude that “Two sessions of ESWT seem to have long-term 
effects in reducing muscle tone ……”. There are of course many problems with this article. 
Besides the small number of patients leaving the study very underpowered, the assessment 
leaves much to be desired. The Modified Ashworth Scale (MAS) has been validated for lower 
limb assessment. Whilst it is frequently used for upper limb assessment, validation does not 
exist and there is a significant literature showing lack of inter-rater and intra-rater reliability 
for upper limb and especially for small joints (wrist and fingers). Probably the most telling 
statement in this study is where the authors note, rather sadly I thought, “Clinical [?meaning 
measured] improvement was not correlated to the patients’ perceived benefit”. To my mind 
at this stage the numerous studies on ESWT have failed to show that this is likely to be a 
useful line of treatment.

Reference: NeuroRehabilitation 2013 Aug 12. [Epub ahead of print]
http://tinyurl.com/mba2kzh

http://www.researchreview.com.au
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Australian Minimum Product Information - BOTOX® (botulinum toxin type A) purified neurotoxin complex is a 
prescription medicine containing 100 units (U) of botulinum toxin type A for injection. Indications: *Urinary incontinence due 
to neurogenic detrusor overactivity resulting from a defined neurological illness (such as spinal cord injury or multiple 
sclerosis) and not controlled adequately by anticholinergic agents. This does not include idiopathic overactive bladder; 
prophylaxis of headaches in adults with chronic migraine (headaches on at least 15 days per month of which at least 8 days 
are with migraine); strabismus; blepharospasm associated with dystonia, including benign blepharospasm & VIIth nerve 
disorders (hemifacial spasm) in patients 12 years & over; cervical dystonia (spasmodic torticollis); focal spasticity of the upper 
& lower limbs, including dynamic equinus foot deformity due to spasticity in juvenile cerebral palsy patients 2 years & older; 
severe primary hyperhidrosis of the axillae; focal spasticity in adults; spasmodic dysphonia; upper facial rhytides (glabellar 
lines, crow’s feet and forehead lines) in adults. Contraindications: * Intradetrusor injection - acute urinary tract infection, 
acute urinary retention in patients who are not routinely catheterising, or who are not willing and/or able to initiate 
catheterisation post-treatment, if required; hypersensitivity to ingredients; myasthenia gravis or Eaton Lambert Syndrome; 
infection at injection site(s). Precautions: Different botulinum preparations are not therapeutically equivalent. Exercise 
extreme caution should substitution with another botulinum preparation be necessary. Botulinum toxin effects may be 
observed beyond site of local injection with symptoms consistent with mechanism of action and reported hours to weeks 
after injection. Symptoms may include muscular weakness, ptosis, diplopia, blurred vision, facial weakness, swallowing and 
speech disorders, constipation, aspiration pneumonia, difficulty breathing and respiratory depression. Risk of symptoms is 
greatest in children with spasticity, but can also occur in adults particularly those on high doses.  Swallowing/ breathing 
difficulties can be life threatening and there have been reports of death (relationship to BOTOX® not established). *Serious 
adverse events including fatal outcomes have been reported in patients who had received BOTOX® injected directly into 
salivary glands, the oro-lingual-pharyngeal region, esophagus and stomach. Use with aminoglycosides or drugs that 
interfere with neuromuscular transmission; peripheral motor neuropathic diseases or neuromuscular junctional disorders; 
*hypersensitivity reactions such as anaphylaxis and serum sickness, as well as urticaria, soft tissue oedema and dyspnoea; 
inflammation at injection sites; excessive weakness in target muscle; pregnancy & lactation. Generalised weakness & 
myalgia may be related to systemic absorption. Blepharospasm: Reduced blinking following injection of the orbicularis 
muscle can lead to corneal pathology.  Caution with patients at risk of angle closure glaucoma, including anatomically narrow 
angles. Strabismus: Inducing paralysis in extraocular muscles may produce spatial disorientation, double vision or past 
pointing.  Use in chronic paralytic strabismus only in conjunction with surgical repair to reduce antagonist contracture. 
Spasticity: Not likely to be effective at a joint affected by a known fixed contracture. Cervical Dystonia (spasmodic torticollis): 
Possibility of dysphagia or dyspnoea.  May be decreased by limiting dose injected into the sternocleidomastoid muscle to 
<100U. Primary Hyperhidrosis of the Axillae: Consider causes of secondary hyperhidrosis to avoid symptomatic treatment. 
Spasmodic Dysphonia: Laryngoscopy in diagnostic evaluation is mandatory.  Avoid treatment in patients due to have elective 
surgery requiring general anaesthesia.  Chronic migraine: Due to difficulties in establishing a diagnosis of chronic migraine, 
patients being considered for prophylaxis of headaches with BOTOX®  should be evaluated by a neurologist or pain 
management specialist prior to receiving treatment with BOTOX®. *Neurogenic Detrusor Overactivity: The intradetrusor 

administration of BOTOX® is only to be conducted by a urologist/urogynaecologist trained in this technique or by a urologist/
urogynaecologist under the direct supervision of a urologist/urogynaecologist who has been so trained. *Caution when 
performing cystoscopy. *Assess post-void residual volume post-treatment. Paediatric Use: Safety & effectiveness below 18 
years have not been established for *urinary incontinence due to neurogenic detrusor overactivity,  chronic migraine and 
below 12 years not established for blepharospasm, hemifacial spasm, cervical dystonia, hyperhidrosis, spasmodic dysphonia 
or upper facial rhytides. Safety & effectiveness below 2 years not established for focal spasticity. Caution should be exercised 
when treating patients with significant disability & co-morbidities and elderly. Caution should be exercised after treatment of 
BOTOX® as it can have an effect on the ability to drive and use machines. Adverse Reactions: Usually transient & occur 
within first week of injection. ≥1% Localised pain, tenderness, bruising, infection, local & general weakness, erythema, 
oedema, ptosis, irritation/tearing, vertical deviation, diplopia, sub-conjunctival & conjunctival haemorrhages, reversible 
increase in intra-ocular pressure, trigger finger, clumsiness, falling, hypokinesia, increased frequency of micturition, joint 
dislocation, muscle spasms, convulsions, nasopharyngitis, *dyspnea, pneumonia, *dry mouth, vomiting, contusion, leg pain/
cramps, fever, knee pain, ankle pain, lethargy, arm pain, hypertonia, fever/flu syndrome, accidental injury, incoordination, 
paresthesia, asthenia, headache, hyperkinesia, neck pain, dysphagia, perceived increase in non-axillary sweating, 
vasodilation, paralytic dysphonia (breathy dysphonia), aspiration, stridor, technical failure, blepharoptosis, face pain, 
ecchymosis, skin tightness, nausea, temporary lateral lower eyelid droop, eyebrow ptosis, eyelid swelling, aching/itching 
forehead, feeling of tension, seizures, migraine, facial paresis, musculoskeletal stiffness, myalgia, musculoskeletal pain, 
muscle tightness, injection site pain, pruritus, *rash, *urinary tract infection, *urinary retention, *fatigue, *insomnia, 
*constipation, *muscular weakness, *gait disturbance, *bladder diverticulum, *haematuria, *dysuria, *autonomic dysreflexia. 
Dose/Administration: Use one vial for one patient. Store reconstituted BOTOX® in refrigerator; use within 24 hours of 
reconstitution.  *Neurogenic Detrusor Overactivity: 200 U injected in detrusor muscle. Chronic migraine: 155U to 195U 
administered intramuscularly (IM) divided across 7 specific head/neck muscle areas. Blepharospasm: Initially 1.25U to 2.5U 
injected into upper lid medial & lateral pre-tarsal orbicularis oculi & into lower lid lateral pre-tarsal orbicularis oculi. Cumulative 
dose over 2 months should not exceed 200U. Strabismus: Initial doses 1.25 – 2.5U to 2.5 – 5.0U per muscle.  Maximum 
single injection for any one muscle is 25U. VIIth Nerve Disorders (hemifacial spasm): Dosing as for unilateral blepharospasm. 
Inject other facial muscles as needed. Focal Spasticity in Children 2 Years & Older: 0.5-2.0U/kg body weight for upper limb 
& 2.0-4.0U/kg body weight for lower limb. 4U/kg or 200U (the lesser amount) for equinus foot deformity. Other muscles 
range 3.0-8.0U/kg body weight & do not exceed 300U divided among muscles at any treatment session. Focal Spasticity in 
Adults: Individualise dosing.  Cervical Dystonia (spasmodic torticollis): Individualise dosing. Maximum dose 360U every 2 
months. Primary Hyperhidrosis of the Axillae: 50U intradermally to each axilla in 10-15 sites 1-2 cm apart. Spasmodic 
Dysphonia: Bilateral injections. Individualise dosing. Glabellar Lines:  2x4U in each corrugator muscle & 4U in the procerus 
muscle for 20U total dose. Crow’s Feet: 2-6U/injection site, 3 sites bilaterally in lateral orbicularis oculi. Forehead Lines: 2-6U/
injection site, 4 sites in frontalis muscle. Date of TGA approval:  20 March 2012
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Does giving segmental muscle 
vibration alter the response to 
botulinum toxin injections in the 
treatment of spasticity in people with 
multiple sclerosis?
Authors: Paoloni M et al.

Summary: This study randomised 42 patients with the 
secondary progressive form of MS to 1 of 3 groups: Group 
A, 30 minutes of 120 Hz segmental muscle vibration over the 
rectus femoris and gastrocnemius medial and lateral, 3 times per 
week, for a 4-week period; Group B, botulinum toxin A (BoNT-A) 
injection in the rectus femoris, gastrocnemius medial and lateral 
and soleus, in combination with segmental muscle vibration; or 
Group C, BoNT-A alone. All measurements were performed at 
baseline (T0), then at 10 weeks (T1) and 22 weeks (T2) post-
randomisation. In all groups, MAS scores at the knee and ankle 
decreased significantly over time (p<0.001). In Group C, knee 
and ankle spasticity was significantly increased at T2 compared 
with T1 (p<0.05). Fatigue Severity Scale scores in groups A and 
C were significantly reduced from T0 (A: 53.6; C: 48.5) at T1 
(A: 48.6; p=0.03; C: 43.5; p=0.03) and T2 (A: 46.7; p=0.02; 
42.5; p=0.02), while no significant differences were observed 
in group B (T0: 43.4; T1: 37.3; T2: 39.7).

Comment: This third study, using segmental muscle vibration 
rather than ESWT is quite well designed, comparing vibration 
therapy with BoNT and with both. The paper concludes that 
the combination of BoNT plus vibration reduces spasticity 
and fatigue. However, on reading the full paper, I found the 
results did not justify the conclusion with changes on the MAS 
of only 1 point, certainly within measurement error and not 
the two-point reduction usually required to denote significant 
change. Changes in the fatigue scores were similar for all 
three groups. No group had a change in Barthel.

Reference: Clin Rehabil 2013;27(9):803-12
http://cre.sagepub.com/content/27/9/803.abstract

Clinical experiences with cannabinoids in spasticity 
management in multiple sclerosis
Authors: Lorente Fernández L et al.

Summary: Outcomes were examined for 50 patients (median age 47.8 years) with spasticity in multiple 
sclerosis (MS) treated with inhaled delta-9-tetrahydrocannabinol (THC) in combination with cannabidiol 
(CBD) between April 2008 and March 2012. Primary progressive MS was diagnosed in 38% of the 
patients, secondary progressive MS in 44%, and relapsing-remitting MS in 18%. THC/CBD was 
prescribed for spasticity in 44% of patients, pain in 10%, or for both spasticity and pain in 46%. Of the 
16 patients who discontinued treatment, 7 did so because of therapeutic inefficacy, 4 patients withdrew 
from the study, and 5 patients stopped due to adverse events. The median treatment exposure time was 
30 days in patients who discontinued versus 174 days in those who continued treatment throughout 
the study period. THC/CBD was effective in 80% of patients at a median dose of 5 inhalations/day. 
Adverse events included dizziness (11 patients), somnolence (6 patients), muscle weakness (7 patients), 
oral discomfort (2 patients), diarrhoea (3 patients), dry mouth (2 patients), blurred vision (2 patients), 
agitation (1 patient), nausea (1 patient), and paranoid ideation (1 patient).

Comment: This article adds to the rapidly growing literature regarding the use of cannabinoids for 
spasticity management. As with most (but not all) of the literature this article concerns the spasticity 
associated with multiple sclerosis. As with most (but not all) of the literature the cannabinoids appear 
to be effective in modifying spasticity with an acceptable incidence of side effects. It should of course 
be noted that there are many limitations to this study. It is retrospective, with poorly defined end 
points; dosing was variable and not controlled; of the initial 56 patients, 22 (40%) either dropped 
out or discontinued treatment due to side effects, lack of benefit or other undefined reasons.

Reference: Neurologia 2013 Sep 10. [Epub ahead of print]
http://www.ncbi.nlm.nih.gov/pubmed/24035293
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Muscle volume alterations in spastic muscles immediately 
following botulinum toxin type-A treatment in children with 
cerebral palsy
Authors: Williams SA et al.

Summary: This paper describes the morphological alterations of muscles in 15 children aged 5–11 
years with spastic diplegic cerebral palsy (Gross Motor Function Classification System Levels I [n=9] 
and II [n=6]) receiving BoNT-A injections for spasticity management. Magnetic resonance imaging and 
Mimics software assessed muscle volume 2 weeks prior to and 5 weeks after injection. All participants 
received BoNT-A bilaterally to the gastrocnemius muscle; 5 children also received BoNT-A bilaterally 
to the medial hamstring muscles. Total muscle group volume of the injected muscle group remained 
unchanged following BoNT-A, but the injected gastrocnemius muscle volume was reduced by 4.47% 
from baseline (p=0.01) and soleus muscle volume was decreased by 3.96% (p=0.02). This decrease 
in muscle volume did not affect function as assessed by the Timed Up and Go test and distance covered 
in the 6-Minute Walk Test. Muscle strength, as assessed using hand-held dynamometry, was also not 
statistically different after BoNT-A treatment.

Comment: There are two articles that look at muscle atrophy after injection of botulinum toxin. 
The first of these looks at lower limb muscle volumes, specifically gastrocnemius and medial 
hamstrings as measured by MRI both before and after injection of Botox BoNT-A. This is a good 
paper showing that muscle atrophy following BoNT injections is around 5% for the injected muscles, 
less than that seen in some animal models.

Reference: Dev Med Child Neurol 2013;55(9):813-20
http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12200/abstract

Do skeletal muscle properties recover following repeat 
onabotulinum toxin A injections?
Authors: Fortuna R et al.

Summary: This study reports on the extent of muscle recovery after a series of 6 monthly onabotulinum 
toxin A (BTX-A) 3.5 U/kg injections in skeletally mature New Zealand white rabbits. The animals were 
divided into 5 groups: Controls (n=5), zero month recovery – BTX-A+0 M (n=5), 1 month recovery – 
BTX-A+1 M (n=5), 3 months’ recovery – BTX-A+3 M (n=5), and 6 months’ recovery – BTX-A+6 M 
(n=7). At each point of recovery, the researchers measured knee extensor strength, muscle mass and 
percent contractile material in injected and contralateral non-injected muscles. They found that strength 
and muscle mass were partially and completely recovered in injected and contralateral non-injected 
muscles in the BTX-A+6 M animals, respectively. The percent of contractile material partially recovered 
in the injected muscles, but did not recover in the contralateral non-injected muscles.

Comment: This paper looks at the recovery of rabbit muscle following 6 monthly injections of 
Botox BoNT. The study concludes that full muscle recovery in both the injected muscles and the 
contralateral muscles does not occur over a further 6 months. The relevance of this intensive 
treatment protocol in rabbits to human muscle is unclear but it does suggest that human studies 
should be undertaken.

Reference: J Biomech 2013;46(14):2426-33
http://www.jbiomech.com/article/S0021-9290(13)00353-9/abstract

Intrathecal baclofen therapy in children with severe spasticity: 
outcome and complications
Authors: Walter M et al.

Summary: These researchers retrospectively reviewed the medical charts of 15 paediatric patients with 
congenital brain injuries who underwent intrathecal baclofen (ITB) implantation for treatment of severe 
spasticity between 2003 and 2009. Preoperative spasticity of the lower limbs was significantly reduced 
after ITB therapy and there was a corresponding decrease in MAS scores (p<0.05), while baclofen 
dosage increased (p=0.001). During follow-up, a significant increase in the Cobb angle was observed 
in the 8 patients with scoliosis prior to ITB therapy (p<0.05). Overall, 10 complications (9 device-related 
and 1 accidental) occurred in 6 patients, mostly within the first 3 years after implantation.

Comment: This article reports a small case series confirming the value of ITB in reducing general 
lower limb spasticity in a cohort of children with congenital brain injury. Functional outcome 
measures or changes in nursing requirements are not documented. The worsening of scoliosis in 
eight patients is noted although there is no comment on whether this is thought to be the natural 
progression of the scoliosis or related to the ITB. The very high rate of complications (40%) is 
clearly a cause for concern.

Reference: Dev Neurorehabil 2013 Aug 26. [Epub ahead of print]
http://informahealthcare.com/doi/abs/10.3109/17518423.2013.827256

A randomized controlled trial of 
selective neurotomy versus botulinum 
toxin for spastic equinovarus foot 
after stroke
Authors: Bollens B et al.

Summary: This study randomised 16 chronic stroke patients 
presenting with spastic equinovarus of the foot (SEF) into 
2 groups: 8 patients underwent a tibial neurotomy and the 
remaining 8 received BoNT injections. The soleus was treated 
in all patients, and the tibialis posterior and flexor hallucis longus 
were treated in about half of all patients. Efficacy evaluations 
were performed at 2 and 6 months after treatment and were 
based on the 3 domains of the International Classification 
of Functioning, Disability and Health. Compared with BoNT, 
tibial neurotomy resulted in a higher reduction in ankle stiffness 
(L-path). Both treatments improved ankle kinematics by a 
comparable extent during gait; neither treatment was associated 
with muscle weakening. Activity, participation, and quality of life 
were not significantly altered in either group.

Comment: This paper looks at a method of overcoming 
the relatively short duration of BoNT for the management 
of spastic equinovarus by performing selective motor 
neurotomies of nerves to the soleus tibialis posterior and 
flexor hallucis longus. Although not specifically stated in 
the paper, it appears branches to the gastrocnemius were 
preserved. My main issue with this study is the use of a 
tibial nerve block in the popliteal fossa, where the sensory 
branches will also be blocked as an assessment tool for 
the likely success of the surgery. The follow-up time of 
6 months is also short for this type of surgery where motor 
denervation will inevitably lead to atrophy and therefore 
an uncertain and non-reversible outcome. Even so, I think 
this study deserves further consideration if the long-term 
outcomes are considered.

Reference: Neurorehabil Neural Repair 2013;27(8):695-703
http://nnr.sagepub.com/content/27/8/695.abstract

Management of spasticity revisited
Author: Graham LA

Summary: This review of management strategies for post-
stroke spasticity advises that specialist multi-disciplinary goal-
centred management programmes are the mainstay of treatment. 
Pharmacological therapies provide limited benefit; physical and 
positional management are crucial. Among pharmacological 
treatments, targeted intramuscular botulinum toxin injection is 
most often used, while intrathecal therapies are less popular. 
A team approach and holistic assessment are essential to 
beneficial outcomes.

Comment: This is a simple approach to spasticity, its 
pathology and its management. It is suitable reading for 
keen undergraduates or young physicians developing an 
interest in neurology or rehabilitation medicine wishing to 
look at the breadth of spasticity without exploring the depths.

Reference: Age Ageing 2013;42(4):435-41
http://ageing.oxfordjournals.org/content/42/4/435.abstract

http://www.researchreview.com.au
http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12200/abstract
http://www.jbiomech.com/article/S0021-9290(13)00353-9/abstract
http://informahealthcare.com/doi/abs/10.3109/17518423.2013.827256
http://nnr.sagepub.com/content/27/8/695.abstract
http://ageing.oxfordjournals.org/content/42/4/435.abstract

