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A B S T R A C T

Objective: To discuss the effectiveness, indications, limitations and side effects of botulinum toxin type A

and selective neurotomy for treating focal spastic muscle overactivity to help clinicians choose the most

appropriate treatment.

Methods: Expert opinion based on scientific evidence and personal experience.

Results: Botulinum toxin type A can decrease muscle tone in different types of spastic muscle

overactivity, which allows for treating a large variety of spastic patterns with several etiologies. The

toxin effect is sometimes insufficient to improve functional outcome and is transient, thereby requiring

repeated injections. Selective neurotomy is a permanent surgical treatment of the reflex component of

the spastic muscle overactivity (spasticity) that is effective for spastic equinovarus foot. The neurotomy

provides a greater and more constant reduction in spasticity. However, the long-lasting effect on the

non-reflex muscle overactivity, especially dystonia, is doubted. The effectiveness, clinical indications,

advantages, side effects and limitations of both techniques are discussed.

Conclusion: Botulinum toxin type A has the highest level of evidence and the largest range of indications.

However, the botulinum toxin effect is reversible and seems less effective, which supports a permanent

surgical treatment such as selective neurotomy, especially for the spastic foot. Further research is needed

to compare the effect of botulinum toxin type A and selective neurotomy for the different types of spastic

muscle overactivity and clinical patterns.
�C 2018 Elsevier Masson SAS. All rights reserved.
1. Introduction

Spasticity frequently affects patients with neurological disorders
and participates in motor impairment that emerges following a
lesion to central motor pathways. It can be detected in 25% of
the patients as early as 1 week post-stroke [1]. The prevalence of
post-stroke spasticity in the chronic phase ranges from 17% to 43%
[2]. Increased muscle tone, severe arm paresis, hemihypoesthesia
and low Barthel index score are predictors of severe post-stroke
spasticity [2,3]. The association of muscle weakness (paresis),
muscle contracture and spasticity are called the deforming spastic
paresis syndrome [4].
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As a component of upper motor neuron syndrome, spasticity
was first defined by Lance et al. as a motor disorder characterized
by a velocity-dependant increase in the tonic stretch reflex (muscle
tone) with exaggerated tendon jerks resulting from hyperexcit-
ability of the stretch reflex. A recent proposal suggested renaming
spasticity to muscle overactivity or spastic muscle overactivity
(SMO), including spasticity (an increase in the velocity-dependent
response to muscle stretch measured at rest, e.g., triceps surae),
spastic dystonia (tonic muscle activity at rest sensitive to stretch,
e.g., finger flexors), associated reactions (abnormal contraction
distant from the muscles involved in voluntary effort, e.g., dynamic
elbow flexum) and spastic co-contraction (inappropriate antago-
nistic contraction sensitive to stretch during voluntary agonist
command, e.g., triceps surae contraction during activation of the
tibialis anterior) [5]. SMO does not include dystonia defined as an
involuntary muscle contraction, which in contrast to spastic
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dystonia is not sensitive to stretch. However, the term ‘‘spasticity’’
is still largely used, even in the literature, to define all these forms
of SMO, which adds to the confusion. Indeed, the treatment
strategy should probably differ according to these different types
of SMO.

In association with other impairments (weakness, sensory loss,
muscle contracture, cognitive deficits etc.), SMO frequently
worsens the patient’s condition by affecting passive function
(hygiene and increased carer burden) and active function (reduced
mobility and inability to use limbs in function). SMO participates in
pathological patterns such as elbow flexum, spastic hand with
prehension difficulty and/or hygiene problems, adducted hip, stiff
knee gait, spastic foot or claw toes. It affects patient’s participation
and quality of life (reduced social interaction and poor self-esteem)
[6]. A large consensus supports an adequate SMO treatment
strategy as possibly helping patients [7]. Such a strategy includes
physical therapy, orthosis, oral medications, chemical neurolysis
with phenol-alcohol or botulinum toxin type A (BoNT-A)
injections, selective neurotomy (SN) and intra-thecal baclofen [8].

When SMO is focal or diffuse but only focally disabling, a focal
treatment is recommended. Physical therapy with stretching is the
first-line treatment allowing for only transient spasticity reduc-
tion, but the ability of stretching to prevent contracture is
questioned [9,10]. A self-rehabilitation program, casting and
splinting, electrical stimulation (transcutaneous electrical nerve
stimulation [TENS] and neuromuscular electrical stimulation
[NMES]) and extra-corporeal shock-wave therapy are also
proposed [11].

This paper discusses the effectiveness, indications, limitations
and side effects of BoNT-A and SN for treating focal spastic muscle
overactivity to help clinicians choose the most appropriate
treatment.

2. Botulinum toxin type A

BoNT-A is a neurotoxin produced by Clostridium botulinum that
blocks the release of acetylcholine from the pre-synaptic nerve
endings, thereby dose-dependently inducing muscle chemode-
nervation. Three BoNT-A toxins are marketed in Europe: abobo-
tulinum toxin (Dysport1), incobotulinum toxin (Xeomin1) and
onabotulinum toxin (Botox1).

BoNT-A used to treat spasticity has the highest level of
evidence. Several randomized, double blind, placebo-controlled
studies have demonstrated that BoNT-A injections can reduce
muscle tone, increase passive and active range of motion and
reduce carer burden [12,13]. In contrast, the effect on gait velocity
and hand active grasp activity is more equivocal [14]. Evidence is
high for the impairment domain of the International Classification
of Functioning, Disability and Health (ICF) but weak or absent for
the activity domain. BoNT-A can be injected during outpatient
practice in every accessible muscle, under electromyography,
electrostimulation and/or ultrasound guidance [15]. BoNT-A has a
reversible effect because drug removal and sprouting reinnerva-
tion resolve muscle weakness, which requires repeated injections
every 3 to 4 months that affect treatment costs. Furthermore,
reimbursement disparities between countries frequently limit
patient accessibility to BoNT-A treatment. These drawbacks
support the need for a long-lasting treatment of spastic
overactivity such as SN.

3. Selective neurotomy

First described by Stoffel in 1911, SN is a surgical procedure
consisting of a partial section of the motor nerve branches
innervating the spastic muscles. At that time, motor and sensory
fibers were indistinctly cut, thus inducing neuropathic pain.
Because of the adverse effects and the advent of chemical nerve
blocks, the technique was nearly abandoned. In the 1990s, French
and Belgian neurosurgical teams reintroduced the technique by
using intraoperative electrical stimulation and an operating
microscope [16,17]. SN is performed under general anaesthesia
without muscle relaxant drugs to allow for intraoperative
electrical stimulation. The nerve is dissected and the motor nerve
branches are identified by intraoperative electrical stimulation.
The selected motor nerve branches innervating the spastic muscle
over a 5-mm length are partially sectioned under the microscope.
The extent of the nerve section (from 50% to 100%) is determined
according to the degree of spasticity and type of muscle
[17]. Patients are allowed to move or walk the day after the
surgery and no immobilization or casting is necessary. Frequently,
SN is associated with tendon surgery (lengthening, transfer), which
requires 6-week cast immobilization.

This refined technique allows for selectively cutting the motor
nerve fascicles, including a and g motor fibers and Ia, Ib and II
proprioceptive fibers. Proximally, at a distance depending on the
nerve, proprioceptive fibers leave the motor fascicles and join the
sensitive fascicles containing the type III and IV fibers. The
neurotomy should be performed distally relative to these crossing
points. For each nerve, based on anatomical data, the surgeon
knows where the neurotomy needs to be done to avoid sensory
deficits. Because Ia, Ib and II fibers are not dissociable in the motor
nerve fascicle, SN always involves sectioning these 3 types of
fibers.

Thus, SN implies a sectioning of the a motor fibers mediating
voluntary muscle contraction and the Ia fibers mediating the
myotatic reflex [18,19]. The a motor fiber sectioning leads to a
transient muscle weakness. The amount of a motor fibers lost after
SN as measured by the motor unit number estimation technique is
proportional to the extent of the nerve sectioning [19]. However, a
sprouting process explains a recovery in triceps surae muscle
strength associated with a return of the Mmax amplitude to
baseline values after 8 to 12 months. Furthermore, this transient
muscle weakness has no significant harmful effect for the patient.
SN also implies a sectioning of the Ia fibers mediating the
monosynaptic stretch reflex arc, which leads to spasticity
suppression and clonus disappearance associated with an
Hmax/Mmax ratio reduction [18,19]. Such a reduction is perma-
nent because Ia fibers sprouting at the level of the muscle spindle is
ineffective. These electrophysiological studies suggest that SN is
effective for reflex spastic overactivity (spasticity and spastic
component of spastic dystonia) but not for non-reflex overactivity
(the dystonic part of the spastic dystonia, associated reactions and
dystonia). Indeed, the non-reflex overactivity is immediately
reduced after SN due to muscle weakness but recurs after 1 year
via the collateral sprouting of a motor fibers. Finally, the effect of
SN on spastic muscular co-contractions (related more to function)
is unknown.

Tibial nerve SN for spastic foot management is the most
frequently reported indication. In a systematic review based on
case series, Bollens et al. found that tibial SN could be a permanent
and efficient treatment to reduce spasticity in the spastic
equinovarus foot [20]. Such a reduction is associated with a
patient-reported improvement in standing and walking abilities
during daily living activities [21]. Furthermore, diagnostic
nerve block with anaesthetics helps predict the effect of
tibial SN on spasticity reduction and gait improvement [22].
Only a few uncontrolled studies with a limited number of
patients assessed SN of the musculo-cutaneous nerve (for elbow
flexum), median and ulnar nerves (for spastic hand), obturator
nerve (for adducted hip) and rectus femoris nerve (for stiff knee
gait) [23–25].
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4. Botulinum toxin type A or selective neurotomy?

In clinical practice, when SMO requires focal treatment, we
frequently have to choose between BoNT-A or SN. To decide the
optimal treatment, we have to know the respective effects,
indications, advantages, side effects and limitations of each
technique. Until now, only 2 studies compared the effect of
BoNT-A injections and tibial SN for the spastic equinovarus foot
after stroke. In an open-label study of 34 hemiplegic patients, SN
performed on the motor nerve branches of the tibial nerve was
more effective than BoNT-A injections (300 U onabotulinum toxin
type A) on triceps surae spasticity, passive and active ankle range of
motion, foot position and gait velocity [26]. Bollens et al.
performed the only single-blind randomized controlled trial
(RCT) demonstrating that SN performed on the soleus, tibialis
posterior and flexor hallucis longus motor nerve branches induced
a higher reduction in ankle stiffness and a comparable improve-
ment in ankle kinematics during gait than BoNT-A injections in the
same muscles. However, the 2 treatment groups did not differ in
activity, participation and quality of life [27]. These studies
confirmed our clinical experience that SN induces a greater
reduction in spasticity than BoNT-A.

Table 1 shows the advantages and disadvantages of BoNT-A and
SN. BoNT-A is the treatment for focal spasticity with the highest
level of evidence (level A). BoNT-A effects are confirmed by several
placebo RCTs, whereas the effect of SN is supported by only 1 RCT
(level C). BoNT-A is available worldwide, with a network of trained
physicians making it accessible to patients in outpatient practice.
In contrast, SN requires surgical skill and an interdisciplinary
approach, which explains why it is only performed by a few teams
in a few countries [8]. A preoperative diagnostic nerve block (DNB)
with anaesthetics is also needed as an assessment tool. Such DNB
helps in differentiating the respective responsibility of SMO,
contracture and weakness in a spastic deformity and identify an
excessive activity of the antagonistic muscles that may cause an
inverted pattern after SMO treatment. Of note, the DNB predicts
the functional improvement obtained with SN for the spastic
equinovarus foot [22]. DNB can also be useful before BoNT-A
because it helps identify the muscles to inject. We also recommend
the use of BoNT-A as a long-lasting block when the DNB is effective,
which confirms that SMO is the main problem and supports an
increase in BoNT-A dose (or performing SN) if the first BoNT-A
injection is ineffective. The reduction in spasticity and gait
improvement is usually greater after DNB and SN than after
BoNT-A alone. The BoNT-A effect is sometimes insufficient. It is
confirmed by the fact that many patients and physicians estimate
that they can benefit from injection intervals shorter than 3 months
and higher doses than those permitted by the country directives
[28]. In contrast, patients rarely report that SN effect is insufficient,
which confirms our clinical experience that SN induces a greater
reduction in spasticity than does BoNT-A. Even if higher BoNT-A
doses can be used without additional side effects, some patients
Table 1
Advantages and disadvantages of botulinum toxin type A (BoNT-A) and selective

neurotomy (SN).

BoNT-A SN

Level of evidence A C

Accessibility for patients ++ �
SMO reduction + ++

Muscle selection ++ �
Reversibility ++ �
Long lasting � ++

Side effects — risk � +

Cost + ++

SMO: spastic muscle overactivity;� absent;� slight; + good; ++: excellent.
with multiple spastic patterns require a BoNT-A dose greater than
the recommended maximal dose per session, so BoNT-A and SN are
complementary (i.e., SN to treat a spastic foot and BoNT-A for other
patterns) [29]. Furthermore, repeated BoNT-A injections do not
result in an ineffective response to nerve stimulation of previously
injected muscles during later SN.

BoNT-A can be injected in nearly every muscle with SMO even
the less accessible ones (i.e., flexor digitorum profundis), which
allows for treating every spastic pattern both in the upper and
lower limbs. Even if SN can be theorically performed on every
accessible motor nerve, it is mainly performed on the tibial nerve
(for equinovarus foot), musculo-cutaneous nerve (for elbow
flexum), obturator nerve (for adducted hip) and femoral nerve
(for stiff knee gait).

BoNT-A is a reversible treatment that has to be renewed every
3 to 4 months, with consequent practical (medical consultation)
and financial issues, which supports the need for a permanent
treatment such as SN. Reversibility is an advantage when treating a
functional spastic pattern (i.e., hand with prehension function)
because SMO reduction may be associated with weakness in the
same muscles. If BoNT-A worsens patient function, the patient will
recover when the BoNT-A effect disappears. However, the SN effect
is permanent, without any possibility to recover the pre-operative
status.

The spasticity reduction observed after SN is immediate and
stable over time, but patients receiving BoNT-A have to wait
several days or weeks before experiencing its effects and 1 to
2 months for the maximum effect. Such spasticity variations may
interfere with the rehabilitation program and the goal to be
achieved.

Publications support the long-lasting effect of SN on spasticity
[17,30], but muscle denervation related to a motor fiber sectioning
may induce muscle contracture. This situation could explain the
deformity recurrence described by some authors in case reports
[31]. However, recent data also support that BoNT-A induces
muscle structural and mechanical changes related to neurogenic
atrophy [32]. This observation highlights the need for a prolonged
muscle stretching program after SN and BoNT-A [8].

BoNT-A side effects are usually non-serious and range from 2%
to 9%, including pain at the injection site, dysphagia, muscle
weakness and fatigue [12,29]. The incidence of adverse events
seems to be higher with oral medications (tizanidine) than with
BoNT-A [33]. SN side effects include wound infection, delayed
wound healing and sensory disturbances when sensory fibers are
sectioned or excessively manipulated into the nerve trunk.
Rousseaux et al. reported pain or dysesthesia at the plantar sole
in 13 of 34 patients, in the first 2–6 weeks after SN when tibialis
posterior and flexor digitorum longus nerve were sectioned [26]. In
a series of 30 patients, Deltombe et al. did not report additional
sensory deficits, but nerve branches to the flexor digitorum longus
muscle were spared [17]. Sensory deficits could be related to the
surgical technique. Ideally, neurotomy should be performed as
close as possible to the muscle and at least at the level of the motor
branches after they have left the nerve trunk. In some cases,
neurotomy can be done inside the nerve trunk without causing
sensory deficits or neuropathic pain (e.g., soleus inferior nerve or
flexor hallucis longus nerve into the tibial nerve trunk). This
technique allows for small skin incisions. In other cases, sectioning
of the motor fascicles in the nerve trunk will result in sensory
deficits and neurotomy must be performed close to the muscle
(e.g., median and ulnar nerves, flexor digitorum longus nerve). This
hyperselective neurotomy requires larger skin incisions and is
therefore more aggressive.

Antithrombotic medications such as anticoagulants and anti-
platelets are frequently administered after ischemic stroke, atrial
fibrillation and deep vein thrombosis. Even if theoretically
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implying increased risk of bleeding and compartment syndrome,
antithrombotics do not seem to be an absolute contraindication to
intra-muscular BoNT-A injections. A recent study found no report
of compartment syndrome or bleeding episodes in series of
patients injected while under antithrombotics [34]. In our practice,
we inject patients who are under antithrombotics after informed
consent and under ultrasound guidance to avoid vessel damage.
Less experienced injectors should take the risk of bleeding into
account in patients under anticoagulant medications especially if
they do not use ultrasound guidance. In contrast, anticoagulant
therapy should be stopped (frequently by a transient shift to low-
molecular-weight heparin) before performing a diagnostic nerve
block and SN. Similarly, SN requires general anaesthesia without
curarisation. A local anesthesia is not possible because it will limit
the motor nerve identification with electrical stimulation during
the procedure. Therefore, in patients with high thrombotic risk
who cannot stop their anticoagulant therapy, even transiently,
and/or who cannot benefit from general anaesthesia, BoNT-A is
preferred especially if performed by an experienced injector under
ultrasound guidance. Finally, no study has compared the relative
cost of BoNT-A and SN. The cost probably differs depending on the
country. In Belgium, the cost for SN is equivalent to 6 consecutive
BoNT-A injection sessions.

Table 2 summarizes the effect of BoNT-A and SN on the different
types of spastic muscle overactivity. BoNT-A reduces spasticity, as
measured by the modified Ashworth score and the Tardieu scale
[12], clonus [35] and dystonia. BoNT-A is also effective to treat
patterns characterized by spastic dystonia (i.e., hand) [12,13], but
the effect on associated reactions (i.e., elbow flexum) is unclear.
Vinti et al. showed that a BoNT injection reduces the spastic co-
contraction of the non-injected antagonist muscles probably by
increasing reciprocal inhibition [36]. Reducing spastic co-contrac-
tion is a concern in our practice because co-contraction is probably
linked more to function than spasticity. SN is effective to restrain
spasticity and clonus. Most studies have shown clonus disappear-
ance after SN [20]. Indeed, SN destroys the Ia fibers included in the
motor nerve branch, which leads to permanent clonus disappear-
ance because Ia fibers are not able to sprout at the level of the
muscle spindle. This phenomenon is supported by a permanent
reduction in Hmax/Mmax ratio after SN [18,19]. In contrast, SN has
never been studied specifically in spastic dystonia, associated
reactions, spastic co-contraction and dystonia. We question the
long-lasting effect of SN on the non-reflex component of spastic
overactivity, especially for spastic dystonia with muscle activation
at rest and dystonia. In such patterns, SN acts for several months
because the a motor fibes sectioning causes a muscle weakness
that will recover with sprouting after 8 to 12 months. The dystonic
part of the spastic dystonia pattern is suspected to reappear in
relation to the a motor sprouting, which explains the deformity
recurrence. This phenomenon probably explains why SN provides
more long-lasting results with spasticity (i.e., spastic foot) than
spastic dystonia (i.e., spastic hand) and spastic motor overflow (i.e.,
elbow flexum). Furthermore, in our opinion, dystonia is a
contraindication to SN because of the rapid recurrence of the
deformities but also an unpredictable poor outcome with a worse
Table 2
Effectiveness of BoNT-A and SN for types of spastic muscle overactivity.

BoNT-A SN

Spasticity ++ ++

Clonus + ++

Spastic dystonia + ?

Associated reactions � ?

Spastic co-contraction + ?

Dystonia ++ �

?: unknown;� : absent;� : slight; + : good; ++: excellent.
deforming pattern than initially. A complete clinical assessment is
required to determine the type of spastic muscle overactivity
before proposing SN. A minimum follow-up of 2 years is
recommended after SN.

Table 3 summarizes the different spastic patterns treatments
reported with BoNT-A and SN. SN has been mainly reported at the
tibial nerve as a treatment for the spastic equinovarus foot
[20,27]. As already noted, SN at the flexor digitorum longus nerve
with claw toes involves risk of neuropathic pain, so alternative
treatments such as BoNT-A injections or tendon lengthening must
be proposed. Some publications reported neurotomy at the level of
the rectus femoris nerve [23] in case of stiff knee gait, the median
and ulnar nerves [24] in case of the spastic hand for passive and
active function and the musculo-cutaneous nerve [25] in case of
elbow-flexor spastic dystonia and associated reactions. However,
these studies included only a small number of patients, generally
with a short follow-up. In contrast, BoNT-A has been shown to be
effective for the equinus foot and upper limb [12,13,37].

BoNT-A has been studied in stroke, traumatic brain injury and
cerebral palsy, with level A evidence, and in multiple sclerosis with
level B evidence [38]. In contrast, SN has been mainly reported as a
treatment of spastic overactivity after stroke and traumatic brain
injury. However, in our opinion, the type of SMO and spastic
patterns is more important than the neurological disorder. Only
anecdotic reports have mentioned other aetiologies such as
multiple sclerosis and cerebral palsy (CP). Whether SN can be
proposed to children with CP is debated. The particularity of the CP
in the growing phase is that the spastic muscle (in itself at risk of
contracture) must grow with bones to avoid deformity of joints
and bones. The risk of SN, by inducing a massive muscle
denervation, is in blocking and/or limiting the muscle growth
and increasing the deformity in the long term. Berard postulated
that muscle fiber reinnervation leading to extensive motor units
explains the deformity recurrence after SN in hemiplegic children
requiring orthopaedic surgery [39]. Because the long-lasting risk of
contracture after SN in children with CP is unknown, we do not
recommend SN and prefer BoNT-A injections.

In conclusion, BoNT-A is the recommended treatment for focal
SMO, with the highest level of evidence. It can be injected with high
safety in many muscles and has been found effective in nearly all
types of SMO, many spastic patterns and almost all central nervous
system diseases. However, the BoNT-A effect is transient,
fluctuating and sometimes insufficient or limited by the recom-
mended maximal dose per session, requiring repeated injections
every 3 to 4 months. These drawbacks support the need for a
permanent and more effective treatment such as SN. SN is mainly
proposed at the level of the tibial motor nerve branches (except
branches to the flexor digitorum longus) for spasticity and clonus
responsible for an equinovarus deformity after stroke and
traumatic brain injury. It can also be performed on the
musculo-cutaneous, femoral and obturator nerves. Further re-
search is needed to assess the efficacy (RCT) and long-lasting effect
of SN in different types of SMO, spastic patterns and aetiologies.
Randomized studies comparing the effect of BoNT-A and SN are
also needed.
Table 3
Effectiveness of BoNT-A and SN for different spastic patterns.

BoNT-A SN

Stiff knee gait + +

Equinovarus foot ++ ++

Claw toes ++ ?

Elbow flexum + +

Hand ++ +

?: unknown;� : absent;� : slight; + : good; ++: excellent.
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