J Rehabil Med 2002; 34: 51–61

REVIEW ARTICLE

TREATMENT OF UPPER EXTREMITY SPASTICITY IN STROKE PATIENTS
BY FOCAL NEURONAL OR NEUROMUSCULAR BLOCKADE: A SYSTEMATIC
REVIEW OF THE LITERATURE
A. A. van Kuijk,1,2 A. C. H. Geurts,2 B. J. W. Bevaart1 and J. van Limbeek2
From the 1 Rehabilitation Centre Tolbrug, ‘s Hertogenbosch, and 2 Department of Rehabilitation Medicine, Sint Maartenskliniek,
Nijmegen, The Netherlands

Studies published from January 1966 until October 2000 on
the clinical effects of focal neuronal and neuromuscular
blockade in post stroke upper limb spasticity were identi ed.
Twelve studies were included and evaluated on 13 methodological criteria. Ten studies on Botulinum toxin type A
(BTX-A) treatment were found (of which 4 were randomised
controlled trials (RCTs) and 6 were uncontrolled observational studies) as well as one uncontrolled observational
study on phenol blockade of the subscapular muscle and one
on alcohol blockade of the musculocutaneus nerve. The
homogeneity of the patient groups with regard to diagnosis
and their comparability with regard to functional prognosis
and other sources of bias were generally unsatisfactory. Only
two RCTs met predetermined criteria of minimal validity.
There is evidence of effectiveness of BTX-A treatment on
reducing muscle tone (varying between 0.8 and 2.0 points on
the modi ed Ashworth scale) and improving passive range of
motion at all arm-hand levels in chronic stroke patients for
approximately 3–4 months. There is also preliminary evidence of a synergistic effect of concomitant electrostimulation. Taking into account a critical maximum dose of 100
MU Botox1 (300–500 MU Dysport1) for preserving active
 nger  exion, BTX-A treatment seems to be a safe focal
spasmolytic treatment. Effectiveness of BTX-A treatment on
improving functional abilities could not be convincingly
demonstrated, although two subgroups may be identi ed
that might speci cally bene t at a functional level: (1)
patients with mild spasticity and a potential for voluntary
extensor activity and (2) patients with severe spasticity
suffering from problems with positioning and taking care of
the affected arm and hand. Larger controlled studies are
needed to compare the effectiveness of BTX-A with other
focal spasmolytic techniques paying special attention to individual goal assessment, the (duration of) functional bene ts,
co-treatment and aftercare, side-effects and cost-effectiveness.
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INTRODUCTION
Spasticity is a characteristic component of the upper motor
neuron syndrome that complicates the rehabilitation process of
many stroke patients. It is usually de ned as a velocitydependent increase in muscle resistance against passive lengthening due to a supraspinal disinhibition of both tonic and phasic
stretch re exes (1). However, spasticity is also characterised by
efferent symptoms such as delayed and disrupted muscle
synergies (e.g. co-contractions) or remote involuntary (associated) muscle activity during active movements as well as by
afferent symptoms such as massive  exion or extension
reactions to touch or pain stimuli (2, 3). Spasticity can greatly
interfere with the functional use of the affected body parts, in
particular when spastic antagonists counteract selective voluntary muscle activity. In the long term, untreated spasticity may
lead to secondary complications such as muscle stiffness,
contractures and pain. In the upper extremity of stroke patients,
spasticity most frequently emerges in a predominant  exion
pattern. It may cause great dif culty with arm or hand
positioning in space, grasping, self-care and many other
activities of daily living (ADL) (4, 5).
The management of spasticity remains a major challenge in
rehabilitation medicine. The available treatment options include
various physical methods (e.g. muscle lengthening, splinting,
electrostimulation), systemic use of spasmolytic drugs, softtissue surgery (e.g. muscle-tendon lengthening or transposition,
tenotomy, neurectomy) as well as several invasive procedures
for focal neuronal or neuromuscular blockade (4–13). The ideal
treatment strategy would be to achieve a long-lasting relief of
disabling hypertonia in selected groups of muscle  bres without
causing impairment of sensation, deterioration of motor skills,
or other local or systemic side-effects (14). Because spasticity in
most stroke patients is a variable phenomenon in time and
apparent only in certain muscle groups, the application of lowJ Rehabil Med 34
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Neuronal or neuromuscular blockade in upper extremity spastictity
threshold and “reversible” focal treatment techniques seems to
be the preferable  rst option. Besides peripheral and intramuscular neurolysis (e.g. with phenol), intramuscular administration
of Botulinum toxin type A (BTX-A) is increasingly applied in
stroke patients.
Phenol has two different actions on nerve tissue. The  rst
immediate and reversible effect is a local anaesthetic nerve
conduction blockade (15, 16). The second long-term effect is
demyelination and axonal degeneration by denaturation of
proteins (17–21). Through the same mechanism, phenol causes
atrophy within muscle tissue (22, 23). Although phenol blocks
act non-selectively across nerve  bres, the extent of the blocks
may depend on the injection technique (e.g. perineural or
intraneural) and the phenol concentration used. The reported
duration of neurolytic blocks with phenol varies between 6
weeks and 6 months, depending probably on the technique as
well as on the time required for remyelination and axonal
regeneration. Dysaesthesia and neuralgia are among the most
frequently reported side effects of neurolytic blocks (21, 24–
40).
Recently, neuromuscular blockade with BTX-A has been
introduced as an alternative to focal neurolysis in the management of spasticity (41–43). BTX-A weakens the activation of
spastic muscles by selectively blocking the release of acetylcholine at the neuromuscular junction of both extrafusal and
intrafusal muscle  bres. Its effect seems to be to some extent
dose-dependent and usually lasts 2–4 months (44–49). An
important advantage of motor point blockade over neurolysis is
the absence of sensory disturbances.
At present, there is no consensus about the preferred
strategy, precise method of administration and optimal dosage in
the focal treatment of upper limb spasticity following stroke.
Valid comparisons of studies concerning the ef cacy of different
methods for focal neuronal or neuromuscular blockade in stroke
are complicated because of differences in selected patients,
treatment goals and functional evaluations. The goal of this
study was to provide preliminary clinical guidelines and
suggestions for future research by conducting a systematic
literature review.

METHODS
Study selection
Material for the review was selected from a systematic search in the
databases of Medline (January 1966–October 2000), Current Contents
(January 1996–October 2000), Cinahl (January 1982–October 2000) and
the Cochrane Library. This search was conducted using the following
combinations of search terms: spasticity, chemical neurolysis, intramuscular neurolysis, chemical denervation , neuromuscula r blockade, nerve
block, motor point block, phenol, alcohol/ethanol, Botulinum toxin,
thermocoagulation , cryotherapy and neurotomy/neurectomy . Identifying
relevant references from the retrieved articles extended the search. Only
studies concerning the treatment of upper extremity spasticity by focal
neuronal or neuromuscula r blockade in adult stroke patients and
published in the English, German, French or Dutch languages were
considered. After the primary search the papers were subjected to a
preliminary screening based on the following exclusion criteria: (1)
studies not primarily addressing aspects of clinical ef cacy, (2) reviews,
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(3) comment s or letters to the editor, (4) preliminary reports or abstracts,
(5) heterogeneou s patient samples in which the stroke patients could not
be identi ed, (6) sample sizes smaller than 10 patients, (7) papers not
available in medical libraries in the Netherlands. Ultimately, the
remaining studies were selected for detailed methodological evaluation.
Methodologica l evaluation
Both internal validity (V) and data extraction (D) were assessed. We
established adapted V and D criteria based on a system that was
originally developed for evaluating randomised controlled trials (RCTs)
(50). Adaptation of these criteria was necessary to be able to also
evaluate other study designs than RCTs. Each criterion was scored
according to three levels: suf cient (‡) (all subcriteria ful lled),
moderate (‡/¡) (all but one subcriterion ful lled), or insuf cient (¡)
(other). When a speci c criterion was not applicable, it was scored as
such (0). Criteria V5, D3, D5, and D6 had no subcriteria. Hence, these
were scored only with suf cient (‡) or insuf cient (¡). All selected
studies were independentl y assessed by 3 referees (A.K., A.G., B.B.). In
the case of disagreement between referees, consensus was established in
second instance.
Internal validity. V1: The homogeneit y of the study sample with
regard to stroke and spasticity was tested. (1) A diagnosis of stroke by
clinical standards was accepted, preferably con rmed by CT or MRI
scanning. (2) Spasticity, being a velocity-dependen t increase in muscle
resistance on passive stretching, should clearly be distinguished from
other types of hypertonia, muscle stiffness and contracture.
V2: Control of bias related to functional prognosis before exposure to
the therapeutic intervention was judged for the controlled trials. Based
on the literature, three such potential confounder s were identi ed: (1) the
severity of stroke judged by its sensorimotor and cognitive consequences, (2) the chances of neurologica l recovery based on the time post
stroke (51, 52), and (3) co-morbidit y with a possible effect on the
outcome of the therapeutic event (e.g. concomitant rheumatic or
neuromuscula r disease). As for the observationa l studies, the homogeneity of the (sub)group(s ) with respect to these factors was judged.
Furthermore, a minimal time interval post stroke of 6 months was
considered appropriat e to assume a relatively stable clinical situation
(51, 52).
V3: This criterion tested whether there had been suf cient control for
potential confounding during the study. More speci cally, (1) paramedical co-interventions (e.g. physiotherapy ) and (2) concurrent use of
medication (e.g. spasmolytic drugs) should have been reported and taken
into account . As for the observational studies, all co-intervention s should
have been kept stable during the follow-up period.
V4: Adequacy of technical aspects of the therapeutic intervention was
assessed. Studies should have indicated: (1) concentration and volume of
substance applied, (2) whether a  xed or individualised treatment
algorithm was used, and (3) how target muscles were localised. Only
injections guided by internal electrical stimulation or electromyograph y
were considered appropriate (53–55).
V5: The selected study design was evaluated in relation to the study
aim. Randomised controlled trials were accepted as was any other design
with the ability to control for confoundin g e.g. a cohort study making
within-subjects comparisons of experimental and control interventions
allowing suf cient wash-out periods.
V6: The (1) reliability, validity, and responsivenes s of the selected
outcome measures were assessed in relation to the study aim (56). Also,
(2) blinding of the outcome assessor was considered an absolute
prerequisite for unbiased observations .
Data extraction. D1: This criterion tested (1) whether the inclusion
and exclusion criteria were suf ciently reported as well as (2) whether
the base population was identi ed from which the study sample was
selected.
D2: It was judged whether treatment effects were adequately reported
in terms of (1) statistical (e.g. F- and p-values or con dence intervals)
and (2) quantitative measures (e.g. absolute or relative differences).
D3: The length of the total follow-up period was assessed.
D4: This criterion tested the numbers of patients lost to follow-up.
D5: It was determined whether intention-to-treat analysis was done in
the case of any loss to follow-up, non-complianc e or unplanned
crossovers.
D6: Description of adverse effects was assessed.
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AROM = active range of motion; PROM = passive range of motion; MRC-scale = Medical Research Council scale; VAS = visual analogue scale.
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Neuronal or neuromuscular blockade in upper extremity spastictity
D7: The total number of included stroke patients at baseline was
determined.
Criteria of minimal validity
Based on the scores for all criteria mentioned above, those studies
were identi ed that were able to meet the following minimal criteria of
validity: (1) no negative scores on the internal validity items, and (2) at
least half of the items scored positive (‡). These studies were primarily
used for establishing clinical evidence. All other studies were considered
to yield merely secondary evidence.

RESULTS
The primary search yielded 116 papers, including preliminary
reports and abstracts. After the preliminary assessment, 12
studies were included for detailed methodological evaluation
(57–68). Ten studies focused on the treatment of upper limb
spasticity with BTX-A (57–66), one focused on alcohol
neurolysis (67) and one study dealt with phenol neuromuscular
blockade (68). No studies were found concerning the treatment
of upper limb spasticity with neuromuscular blockade using
thermocoagulation or cryotherapy. Studies addressing neurectomy consisted of combined treatment procedures including softtissue surgery. For this reason these studies were excluded from
further evaluation. The BTX-A treatment studies included 4
RCTs and 6 uncontrolled observational studies. Both the study
on alcohol neurolysis and the one dealing with phenol nerve
blockade were observational studies. The results of the assessment of both V- and D-criteria for all 12 studies are given in
Table I. Here, the RCTs will  rst be critically reviewed in more
detail, whereas some of the methodological issues related to the
observational studies will only be globally highlighted.
Randomised clinical trials
Three trials (57–59) studied the ef cacy (and safety) of
different dosages of BTX-A in the reduction of upper limb
spasticity in stroke patients using a randomised, triple-blind
(patient, physician, and outcome-assessor), placebo-controlled
design. Both Simpson et al. (57) and Bakheit et al. (58)
presented multicentre studies. Only Smith et al. (59) included
two patients with head injury. Although Smith et al. claimed to
have excluded patients with  xed contractures, the reported
results on joints range of motion (ROM) suggested the existence
of contractures in their study sample. No study explicitly
differentiated between spasticity and other types of increased
muscle tone. The control for the in uence of sensorimotor and
cognitive functioning on outcome was considered insuf cient in
all three studies. In the study of Bakheit et al. (58), the control
for the in uence of spontaneous recovery was also considered
moderate, because patients were allowed to enter the study
already 3 months after their stroke, whereas the other RCTs used
minimal post-stroke intervals of 9 (57) and 12 months (59). As
for co-morbidity, only Simpson et al. (57) explicitly excluded
other neuromuscular disease. Ongoing spasticity treatments
(medication, physiotherapy) were maintained during the trial
by Simpson et al. (57), but could differ between patients.
Bakheit et al. (58) did not allow de novo treatment with
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spasmolytic drugs, whereas Smith et al. (59) did not control for
any type of concurrent intervention. Bakheit et al. (58)
determined the injection sites only by using anatomical landmarks. Smith et al. (59) used a partially individualised treatment
algorithm, which was insuf ciently speci ed. Moreover, no
speci cations of the localisation technique or of injected
volumes were given.
In none of the three RCTs mentioned above were the base
populations from which the study samples had been selected
clearly identi ed. Both Simpson et al. (57) and Smith et al. (59)
primarily analysed within-group changes from baseline for
different aspects of spasticity, where the preferable analysis
should have consisted of between-group comparisons of changes
from baseline. No statistical corrections were made for multiple
testing of similar hypotheses. Although Bakheit et al. (58)
mentioned a follow-up period of 16 weeks, the main analysis
was performed using changes from baseline at 4 weeks after the
intervention. Simpson et al. (57) lost 2 patients to follow-up
without specifying the precise reasons for drop out or the group
to which these patients had been allocated. Although Smith et al.
(59) had no dropouts, 4 patients (of which 3 were stroke patients)
crossed over who had been originally allocated to placebo
treatment and these patients were re-randomised to one speci c
dosage of BTX-A. As a result, there was a source of selection
bias for which the analysis was not adjusted. Considering the
small sample sizes in four parallel groups, there should be a
major concern about lack of statistical power in the studies by
Simpson et al. (57) and Smith et al. (59).
Hesse et al. (60) conducted a randomised, triple-blind,
placebo-controlled trial on the ef cacy of combining BTX-A
with electrical stimulation (ES) in the reduction of upper limb
spasticity in stroke patients compared to single treatments
using a four-arm parallel design (BTX-A ‡ ES, BTX-A,
placebo ‡ ES, placebo). All patients received additional treatment consisting of physiotherapy and home exercises. There
was no explicit differentiation between spasticity and other
types of increased muscle tone. The possible in uence of
sensorimotor and cognitive functioning and the in uence of comorbidity on outcome were not controlled for. As for the data
analysis, the primary outcome measures at 2, 6, and 12 weeks
were averaged and the mean post-injection value was used to
determine the treatment effect on different aspects of spasticity.
As a result, no adjustments were made for the (small) differences
in outcome measures at baseline. Moreover, by averaging
effects over time, relatively small and temporary effects may
have been obscured by false negative statistical tests (type II
error) especially in view of the small group sizes (n = 6) and the
correction of alpha (chance of type I error) to 1%.
Observational studies
No study explicitly differentiated spasticity from other types
of increased muscle tone. In (almost) all observational studies
the study samples were heterogeneous with regard to patient
characteristics related to diagnosis, severity of stroke, chance of
neurological recovery, and co-morbidity. Only few studies
J Rehabil Med 34
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FCR =  exor carpi radialis; FCU =  exor carpi ulnaris; FDP =  exor digitorum profundus; FDS =  exor digitorum super cialis; FPL =  exor pollicis longus; FPO =  exor pollicis opponens;
BTX-A = Botulinum toxin type A; ES = electrical (neuromuscular) stimulation; MU = mouse units; ROM = range of motion; PROM = passive range of motion; MCP = metacarpophalangeal
joint; IP = interphalangeal joint; AROM = active range of motion; FAT = Frenchay arm test; VAS = visual analogue scale; MAS = modi ed Ashworth scale.

Table III. Continued
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controlled for ongoing spasticity treatments (61, 64–67). Small
sample sizes were common and in some studies (63, 64, 66) loss
to follow-up was unacceptable (>33%). Therefore, no detailed
methodological evaluation of the observational studies will be
given. Instead, the reader is referred to Table I.

DISCUSSION
Although focal neuronal and neuromuscular blocks are increasingly used in clinical practice for the treatment of post stroke
upper limb spasticity, the number and quality of the traced
publications investigating the ef cacy of these treatments is as
yet limited. Four randomised clinical trials were identi ed (57–
60), whereas other studies reported uncontrolled observations
(61–68). Of all selected studies, only two met the predetermined
criteria of minimal validity (57, 60) and these studies will be
primarily used for discussing clinical effectiveness. Nevertheless, the outcomes of several other studies will still be
considered because they may yield secondary (supportive)
evidence of effectiveness and/or safety and provide important
perspectives for further research. The treatment goals and
outcome measures of each selected study are given in Table
II. The applied treatment protocols and main clinical outcomes
are summarised in Table III.
Alcohol or phenol
Kong et al. (67) reported a case series on the effectiveness of
neurolysis of the musculocutaneous nerve with alcohol on poststroke elbow  exion spasticity. Although patients with  xed
elbow  exion contractures were included, signi cant improvements in tone and PROM were found with effects lasting up to 6
months. Hecht (68) reported a case series of patients with
therapy-resistant shoulder pain due to spasticity. Patients were
given a motorpoint block of the subscapularis muscle with
phenol and the immediate post-injection effects were determined. Although immediate improvements in PROM were seen,
the authors did not use an adequately measure for determining
shoulder pain (patient observation during passive shoulder
examination). In both studies the most common reported side
effect was a transient soreness over the injection side. In the
study on alcohol neurolysis (67), 3 patients (15%) suffered from
temporary dysaesthetic pain, which could be reasonably treated
with amitriptyline or non-steroidal anti-in ammatory drugs. The
only conclusion one can draw based upon these uncontrolled
studies is that phenol or alcohol may be used as a potential agent
for reducing spasticity and improving PROM in the upper
extremity of stroke patients by neuronal or neuromuscular
blockade, but that controlled comparative studies (e.g. with
BTX-A) are urgently needed. Particular attention should be paid
to comparing side effects and cost-effectiveness. This conclusion seems to be supported by the literature on the treatment of
post stroke spasticity with phenol or alcohol in general (24–40,
70–73).
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Botulinum toxin
The ef cacy of BTX-A treatment on tone and PROM was
demonstrated by the RCT performed by Simpson et al. (57) and
supported by other studies (58, 59, 61–66). In addition, Hesse et
al. (60) found evidence of a synergistic effect of ES combined
with BTX-A treatment. In particular, the combined treatment of
BTX-A and ES seemed superior with regard to the facilitation of
hand hygiene and spasticity reduction. This synergism might be
explained by a stimulating effect of ES on the uptake of BTX-A
in the terminal nerve branches. Therefore, the degree of motor
activity may be an important factor for the potency of BTX-A.
Although Hesse et al. did not  nd a statistically signi cant
reduction in spasticity in the BTX-A only group compared with
the placebo group, an average reduction of 0.5 Ashworth score at
6 weeks was still seen, which may not have been reached
statistical signi cance due to the small group size (n = 6) (see
Results).
Dosage and duration of effects. Although a clear dose–
response relationship could not be demonstrated, a tendency for
a dose-related improvement of the Ashworth score and PROM
was seen in the studies of Simpson et al. (57), Smith et al. (59)
and Bakheit et al. (58). Their results suggest a critical dosage of
BTX-A to achieve a clinically signi cant tone reduction. The
reported doses were globally 200 MU Botox1 (600–1000 MU
Dysport1) for the biceps, 100 MU Botox1 (400–500 MU
Dysport1) in total for the wrist  exors, and 100 MU Botox1
(300 MU Dysport1) in total for the  nger  exors. These dosages
seem to correspond with the suggested maximal dose of the
dosing guidelines for adult onset spasticity by the Spasticity
Study Group (69).
The duration of the reported effects varied between 10
weeks and 4 months (57–66). The  rst effects of treatment
became apparent not earlier than 2–3 days after injection (63),
and the peak effects were reported between 2–6 weeks post
injection (62, 65). The ef cacy of repeated BTX-A injections
was speci cally studied by Lagalla et al. (61). All patients
exhibited a tone reduction (mean reduction in MAS 1 point) and
PROM increase (mean increase at the elbow 5°, at the wrist 19°)
after the  rst injection, which effects remained constant across
repeated injections. Although the dose injected over time did not
change, the intervals between injections became signi cantly
longer, which may possibly be related to a decreasing capacity
for terminal neuronal sprouting.
It is not possible to further specify the optimal dose of
BTX-A for the treatment of post stroke upper limb spasticity
from the studies included in this review, because the magnitude
and duration of the spasmolytic effects are theoretically
in uenced by the presence of other forms of hypertonia or
muscle stiffness as well as by loss of muscle length (and thus by
concomitant therapy directed at these muscle characteristics),
for which in uences no study adequately controlled. In addition,
the products and dosages of BTX-A differed considerably
between studies (Table III).
Safety. In all selected studies, only minor side effects were
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seen, such as transient skin rash (58), soreness, and pain at the
injection sides (57, 61, 62, 66). Incidentally,  u-like symptoms
were reported (58, 59 65) and in one study bladder instability
was observed in one patient after BTX-A treatment (57). The
most serious reported side effect seems to be an excessive
muscle weakness due to an overdose of BTX-A. This seems of
particular functional importance for the  nger  exors. Bakheit et
al. (58) found a critical dosage for preserving active movement
of the  nger  exors at 300 MU Dysport1. This  nding was
supported by Rodriquez et al. (64), who reported a critical
dosage of 100 MU Botox1 for preserving active  nger  exion.
Hence BTX-A treatment seems to be a safe treatment for upper
extremity spasticity as long as these critical dosages are
appreciated.
Functional abilities. Despite the reported improvements in
tone and PROM of BTX-A treatment a clear impact on
functional abilities could not be convincingly demonstrated.
Also, the overall reported effect on global disability scores was
minimal. Nevertheless, patients in the study of Smith et al. (59)
reported that the arm felt looser and appeared more relaxed
particularly during walking after BTX-A injection into the
biceps brachii and brachialis muscles. Subjectively, bene cial
 ndings in gait quality and balance were reported by some
ambulatory patients. Sampaio et al. (65) reported improvement
in functional ability of the affected arm as assessed by the
Frenchay Arm Test (FAT bene t of 1 point) in patients who
were able to perform only minimal voluntary movements of the
upper limb before treatment due to spasticity. Lagalla et al. (61)
reported a FAT bene t of 2 points in a similar subgroup of 8
patients (29%). Although Reiter et al. (62) did not  nd a
bene cial effect on the median FAT in the total treatment group,
subgroup analysis gave a more discriminative picture. One
subgroup (4/17) with relatively mild spasticity and voluntary
motor activity of the extensor muscles showed an increase (5%)
in median FAT score after BTX-A treatment. No changes in a
global disability measure (FIM) were seen which can be
explained by a ceiling effect and lack of responsiveness of this
measure to functional improvement of a single arm. A second
subgroup (4/17) consisted of paralytic patients with relatively
severe spasticity, in which BTX-A treatment resulted in PROM
increase, better passive positioning of and care for the affected
limb (e.g. easier  tting of splints).

CONCLUSION
This review emphasizes the importance of adequate patient and
goal selection when treating upper extremity spasticity in
chronic stroke patients. Since most authors used a standardised
treatment protocol, the muscles selected for treatment may not
have been the most optimal targets adapted to the needs of
individual patients. A more individualised approach based on
the distribution of spasticity as well as on a patient’s personal
needs might give a better indication of the potential functional
bene ts of BTX-A in treating upper extremity spasticity
following stroke. Indeed, the results of Hesse et al. (60) suggest
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that individualised goal attainment scales may be essential to
identify relevant functional changes. To identify relevant
functional changes, it is of utmost importance that adequate
measures to quantify functional outcome in all stages of
recovery will be developed. Moreover, larger controlled studies
are needed to compare the effectiveness of different and/or
combined treatment approaches to reducing focal spasticity in
stroke patients. In particular, adequate clinical trials are needed
to compare the ef cacy of BTX-A neuromuscular blockade
versus phenol nerve blockade in upper limb spasticity. The
application of neurolytic techniques (chemical or thermal) to
some of the (predominantly) motor branches of the upper arm
seems to be a promising area of further research. Special
attention should be paid to comparisons of the (duration of)
functional bene ts, essential co-treatment and aftercare, the
(duration and severity of) side-effects as well as cost-effectiveness. Another important issue for further research is the identi cation of prognostic factors in patients at risk of deterioration of arm–hand function by developing upper limb spasticity
and the early institution of anti-spastic treatments before
secondary complications have developed to optimise functional
recovery.
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