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Abstract

The use of Botulinum toxin type A (BoNT) to address spasticity has been established over the years, and recently
considered first line treatment in chronic post stroke patients. With its promising results, BONT is now being combined
with early neurorehabilitation to treat post-stroke spasticity in order to address the various neuromuscular and
biomechanical impairments, contracture prevention, dystonia, associated reactions and pain. The beneficial effects of
BoNT as an adjunct to early stroke rehabilitation, in contrast to customary physical therapy alone, is the case in point
of this review, so as to suggest another complementary treatment avenue in rehabilitation care.
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Introduction

One of the most evident and disabling sequel of stroke is spasticity,
in which more than two thirds of stroke survivors who initially
experience post-stroke spasticity (PSS) have residual deficits [1-3].
It is believed that spasticity (i.e., involuntary activation of muscles
that is intermittently or continuously seen) [4] consequently causes
development of secondary complications such as pain and contractures,
and henceforth, impaired functional recovery. It is worth note-taking
that the phenomenon of spasticity usually precedes the development of
the aforementioned secondary complications [5-7]. It is estimated that
around 30% of stroke survivors are affected by significant spasticity [8]
and 50% who present to hospital with stroke develop at least one severe
contracture [9].

Spastic paresis is a complex condition that may be associated
with soft tissue contracture, pain and limitations of day-to-day
activities, which therefore, substantially impacts on patients and
caregivers quality of life [10]. The management of spasticity usually
involves interdisciplinary subspecialties [11]. However, rehabilitation
approaches are generally varied and are aimed primarily at preventing
secondary complications and minimizing aggravating factors instead of
focusing on the abnormal muscle activity itself [11]. In current practice,
treatment of spasticity is delayed until complications are established. It
is possible that once initiation of spasticity management is postponed,
musculoskeletal impairments may progress to a degree that they already
are almost impossible to eradicate [12].

An upper motor neuron (UMN) lesion produces a state of
imbalance between the supra-spinal inhibitory and excitatory inputs,
disinhibiting the spinal reflexes. These include proprioceptive (stretch)
and nociceptive (flexor withdrawal and extensor) reflexes. Changes
in muscle tone is believed to be caused by disruption in the balance
from reticulo-spinal and other subcortical descending pathways to the
motor and interneuronal circuitry of the spinal cord, and the lack of
an intact corticospinal system. Alterations in the descending tonic or
phasic excitatory and inhibitory inputs to the spinal motor system and
the disturbance in the segmental excitatory-inhibitory control may be
observed [13]. Following brain and/or spinal cord injury, the input from
higher levels (sensori-motor cortex) may be reduced or completely lost,
resulting in insufficient regulation of muscle (stretch reflex) activity.
The clinical appearance is a non-physiological flexion or extension of
affected limbs. Furthermore, reduced activity in the agonist contributes
to shortening and over-activity in a usually less-paretic antagonist

muscle. As a result, torque imbalance occurs around joints, which leads
to the well-known limb deformities.

Based on meta-analysis derived from well-conducted, randomized
controlled clinical trials [14], botulinum toxin type A (BoNT) proved
to be safe and efficacious in treating upper and lower limb spasticity.
In fact, BoNT has been thought to be a first line treatment in focal/
multifocal spasticity in the post-stroke rehabilitation setting [15].

It is now understood that the overall involvement of antagonist
resistance, whether of a reflex nature or not, is the critical factor
in movement impairment in spastic paresis [16,17]. Hence, the
understanding of the pathophysiology of spasticity and its consequences,
if recognized, could result in better goal setting and possibly more
favorable patient outcomes.

Our aim here is to show how, incorporating BoNT injection in
early neurorehabilitation, provide a wider avenue of available treatment
options in improving muscle tone and functional ability of the paretic
limb in patients suffering from PSS. The focus problem areas in this
present work will be on areas of spasticity-related co-contraction,
dystonia, associated reactions, local biomechanical changes, contracture
and pain. The case in point, being to perhaps shift a frame of mind
from what happens of spasticity, left not adequately addressed, lest the
“myth” (Figure 1) of not being able to do anything more, remains.

Post-Stroke Spasticity

Definition

The term ‘spasticity’ has been inconsistently defined [18]. Measures
used to assess spasticity usually do not correspond to the defined
clinical features of spasticity. Exaggeration of stretch reflexes leading to
velocity-dependent increase in passive resistance to stretch of muscle
or muscle groups is the fundamental feature of spasticity [19]. In the
1980s, focus was placed on spinal reflexes, as spasticity was described
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It's been 6 months from stroke. What you
are now will be the same henceforth!

Figure 1: The “myth” regarding post-stroke spasticity.

as “a motor disorder, characterized by a velocity-dependent increase
in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks,
resulting from hyper-excitability of the stretch reflex as one component
of the UMN syndrome” [20]. In the SPASM consortium in 2005
(European Thematic Network to Develop Standardized Measures of
Spasticity), the positive symptoms were combined and spasticity was
described as “disordered sensorimotor control, resulting from an upper
motor neuron (UMN) lesion, presenting as intermittent or sustained
involuntary activation of muscle” [13].

Epidemiology and burden of disease

Reported prevalence of PSS ranges from 4% to 27% during the first
6 weeks after stroke [21-23]. The rate has been reported to be 19% at 3
months, 21.7% to 42.6% at 4 and 6 months, [21-24] and 17% to 38% at
12 months [25,26] post-stroke. In addition to the increased muscle tone
of PSS, indirect effects, such as limitations of activities and participation
due to physical impairments, have significant impacts on a patient’s
daily functioning (e.g., personal hygiene, housework, and work place
activities) and quality of life [27].

Spasticity and its associated impairments

Spastic co-contraction: Spastic co-contraction refers to
inappropriate antagonist recruitment triggered by the volitional
command on an agonist in the absence of stretch. Spastic co-contraction
primarily results from an abnormal pattern of supra-spinal drive, which
can be aggravated by abnormal peripheral reflex reactions, particularly
to the degree of stretch tonically imposed on the overactive muscle
[16,28]. Although some co-contraction (i.e., simultaneous activity
in both agonist and antagonist muscles) is common during normal
human movement [29], in the scenario of spastic paresis, it is present
to an excessive degree.

Spastic co-contraction directly impedes voluntary movement and
hence, may be one of the most disabling types of muscle over activity. As
muscle over activity predominates in some muscles in spastic paresis,
producing agonist-antagonist imbalance [30,31], intramuscular
injection of BoNT has been proposed to restore balance around joints
by focally reducing muscle over- activity [14]. In a study by Vinti et
al. [32], it has been found that in spastic hemiparesis, stretch may
facilitate agonist recruitment and spastic co-contraction. On the other
hand, in the non-injected antagonist, co-contraction may be reduced
by enhanced reciprocal inhibition from a more relaxed, and therefore

stretched, agonist or through decreased recurrent inhibition from the
injected muscle [32].

Spastic dystonia: Spastic dystonia is defined as a stretch-sensitive
tonic muscle contraction in the absence of phasic stretch of the
affected muscles and in the absence of voluntary command to adjacent
muscles [32]. Simply put, spastic dystonia implies a relative inability
to rest muscle that is responsive to the amount and duration of the
tonic stretch enforced on the muscle. It alters resting posture and thus
contributes to deformity and impairment in passive function (i.e. tasks
involving the paretic limb as a passive object such as washing hand or
donning sleeve) [33].

Spastic dystonia is highly responsive to the amount and duration
of tonic stretch imposed on the dystonic muscle [30]. Along with soft
tissue contracture, spastic dystonia is an important factor in increased
resistance to passive movement and deformity. In most cases, tonic
stretch maintained for at least several seconds inhibits spastic dystonia
and improves the ability to rest the muscle. Muscle lengthening should
raise the recruitment threshold of the stretch receptors in the muscles
affected and thus reduce the severity of these potentially disabling
forms of over-activity (in particular spastic dystonia) [32].

Spastic-associated reactions

Associated reactions are abnormal postural reactions commonly
observed in the affected side of hemiplegic patients and most easily
seen in the upper limb [34]. Recent studies have demonstrated that
associated reactions in the upper limb are purposeless and do not
contribute posturally to the realization of voluntary movement [35].
Functionally, they are considered to be the product of effort [36,37]
and a reflection of underlying postural instability [38]. Their clinical
impact is vast. They have been implicated in preventing the return of
selective movement in the hemiparetic limb, increasing the probability
of contracture formation and interfering with function [39-41].

Consequently, clinicians have targeted associated reactions in
various management strategies and have viewed their improvement as
a measure of patient progression [42].

Local biomechanical changes and contractures

In patients with UMN syndrome, spasticity is held responsible for
the velocity-dependence of muscle hypertonia. However, it must be
reiterated that in patients with UMN syndrome, muscle hypertonia is
a complex phenomenon, and that spasticity is just one aspect. Studies
conducted on animals show that immobilization of muscles at short
lengths reduces number of serial sarcomeres [43] and increased the
proportion of connective tissue present in the muscle [44]. These
changes that emerge very early during stages of immobilization
augment muscle resistance to passive movements and increase the
resting discharge of muscle spindles and hence, their sensitivity to
stretch [45-47]. It is possible that in patients with UMN syndrome,
muscle contracture is formed by similar adaptations. In this subset of
patients, muscle contracture contributes significantly to hypertonia
[48-50]. Thus, in early PSS of less than three months, an opportunity is
there to treat prior to occurrence of local biomechanical changes [51]
and perhaps even contracture [52].

Spasticity-related pain

Pain can directly induce spasticity [53]. It has been shown that
in healthy subjects, lengthening of a contracted muscle can cause
interference of some muscle fibers with the release of nociceptive
substances [54]. When a spastic muscle is stretched, the same process
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is expected to happen. In addition, all the positive and negative features
of UMN syndrome, in combination with soft tissue changes, disturb
distribution of body weight thus inducing unwarranted stress on joint
structures and causing pain [55].

Disturbances in sensory inputs also play a role, including the case
of post-stroke central neuropathic pain from parietal, thalamic, and
brainstem lesions. All of these factors lead to perceived pain by patients
with UMN syndrome. The relationship between pain and spasticity
is made stronger by the fact that pain increase spasticity, creating a
spasticity-pain-disability cycle [56].

Current Rehabilitation Practices

Over the last decades, several non-pharmacologic strategies have
been used to address spasticity, including muscle stretching, muscle
strengthening, physical modalities, and pain management [57]. These
procedures may have neurophysiological and biomechanical effects on
the spastic movement disorder. It has been validated in a meta-analysis
addressing physical regimens, and how these would influence in the
management of upper and lower limb PSS [58]. In the case of early
PSS, Table 1 summarizes physical modalities that have been performed
(Table 1).

Use of BoNT in early spasticity

In the post-stroke rehabilitation setting, BONT represents a first-
line treatment for focal spasticity. Many studies and meta-analyses
demonstrated its safety and efficacy in decreasing spastic hypertonia
and pain, improving arm posture and basic upper limb activities such
as hand hygiene and facilitation of dressing [59-65].

Botulinum toxin A: Grade A recommendation has been given
by the 2016 Guidelines Development Subcommittee of the American
Academy of Neurology on the use of BoNT for the treatment of adult
spasticity [66]. An earlier meta-analysis of 16 clinical studies with
BoNT indicated that it decreases muscle tone and increases range of
motion safely and effectively [67]. BoNT exhibits dual peripheral
effects through chemodenervation of cholinergic transmission in both
extrafusal and intrafusal muscle fibres [68]. BoNT-induced changes
in muscle spindle proprioceptor inputs through denervation of the
intrafusal muscle fibers are particularly essential in modulating loss of
presynaptic inhibition in dystonia, and this phenomenon of afferent

Rehabilitation Management

Examples of Modalities

effects also may be true in the case of spasticity [68]. BONT injections
into the shorter of the two co-contracting muscles around the joint
will augment stretching activities. There is also some evidence for
modulation of sensori-motor loops at the spinal and supra-spinal level,
as assessed by neurophysiological and functional MRI technologies (i.e.
before and after BONT treatment) [69].

Interestingly, there are looming good data that BoNT, as applied
in person-centered goal-attainment scaling process, may have a better
impact in the individuals with PSS [70].

A minimum of 24 to 72 h requires BoNT to take effect. The peak
effect occurs at about 10 days, and clinical improvements usually last
for up to 12 weeks [71]. It must be recognized that though BoNT use is
limited in multifocal and generalized spasticity, and treatment effects are
only temporary [72,73] it does open a therapeutic window for a combined
neurorehabilitative approach. The reversibility of BONT effects may lead
to repeated treatment in chronic spasticity, but perhaps may modify the
course of spasticity in early post-stroke intervention [74].

Optimally, the best time to administer BoNT may be when
spasticity becomes evident and bothersome to the patient, resulting
in impairment of functions both actively and passively, disability and
associated reactions, or when it induces pain [74]. It was shown by
the Upper Limb International Spasticity Study (ULIS)-II that 80% of
patients with post-stroke upper limb spasticity treated with BoNT in
a real-life clinical setting achieved their treatment goals, that is, pain
reduction and return to various functions [75]. Early (less than 3
months after stroke) single-dose BoNT treatment of spasticity has been
investigated in three upper limb studies [76-78], aimed at reducing
muscle tone, contracture prevention and improving function. With
the objectives of hypertonia reduction and improving ambulation,
the advantage of early BoNT therapy for lower limb PSS and non-
progressive brain lesions, have likewise been demonstrated [79-81]. A
summary data on the specific effects of early BONT intervention in PSS
of upper and lower limbs is presented in Table 2. Undoubted effects
on hypertonia can be derived with early use of BoNT for upper and
lower limb PSS. While the jury is not yet there in regard to early use
of BoNT in PSS to improve active function, clinical trials may have
to be designed to include longer (i.e., >6months) observation periods
for outcomes, as the nervous system adapts to the new changes in the
evolution of spasticity.

Goals

Passive stretching
Active stretching

Prolonged positioning
Isotonic stretching
Isokinetic stretching
*Often in combination with other interventions such

Muscle Stretching [60]

To improve the visco-elastic properties of the muscle-
tendon unit, and to reduce the risk of muscle-tendon
injury

as orthoses, casting, surgery and spasticity-reducing
modalities [61]

Muscle training
Biofeedback
Electrical Stimulation

Muscle Strengthening [58,62]

To generate increased level of muscle force under
specific sets of testing conditions to improve muscle
strength

Shock wave therapy
Ultrasound therapy

. . Cryotherapy To increase local metabolism, circulation, extensibility
Physical Modalities [60] Thermotherapy of connective tissue and tissue regeneration
Vibration

Electrical stimulation

Forced use and the massed practice of the paretic arm
by restricting the unaffected arm. The unaffected arm and | objects using the paretic arm and improve bi-manual

Constraint-induced Movement Therapy (CIMT)

To improve reaching, grasping, and manipulating

[63] hand are prevented from moving with a glove and a special tasks in many aspects of activities of daily living such

arm rest.

as eating, bathing, dressing, and toileting

Table 1: Rehabilitation procedures in the management of early post-stroke spasticity.
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X YES
Therapeutic Goals y
Upper Limbs
-Cousins et al. [77]
-Hesse et al. [78]
-Rosales et al. [79]

-Hesse et al. [78]
-Rosales et al. [79]

-Hesse et al. [78]

Reduce hypertonicity

Reduce pain

Improve disability

-Cousins et al. [77]

Improve functionality -Hesse et al. [78]

(Motor control)

Prevent contracture -Hesse et al. [78]

Sustained effect up to 6 months

(Reduction of hypertonicity) -Rosales et al. [79]

Lower Limbs

-Verplancke et al. [80]
-Fietzek et al. [81]
-Tao et al. [82]

-Tao et al. [82]

NO

Upper Limbs Lower Limbs

-Rosales et al. [79]

-Hesse et al. [78]
-Rosales et al.
[79]

-Verplancke et al. [80]

Table 2: Summary of the Use of Early BoNT (type A) in Spasticity (<3 months from Ictus).

Early use of BONT may also extend the time window for motor
re-learning with physiotherapy by decreasing overactive extrafusal
muscle fibers and reducing muscle spindle sensitivity through
chemodenervation of intrafusal muscle fibres [51]. In effect, the early
BoNT intervention paradigm may potentially modify the natural
progress of spasticity, prevent spasticity/dystonia-related complications
or even delay re-injection [74].

Combination of BONT and Neurorehabilitation
Upper limb rehabilitation

rTMS/OT, and BoNT: Low-frequency repetitive transcranial
magnetic stimulation (rTMS) combined with intensive occupational
therapy (OT) have been reported to improve the motor function of the
paretic upper limb after stroke [82-84]. This combination was based on
the premise that that neural activation is facilitated with concomitant
application of the two interventions. At present, the combination of
rTMS/OT is safely used in several institutions as a therapeutic tool
not only for treatment in non-spastic but also for treatment in spastic
upper limb hemiparesis [85,86]. However, the effect of -TMS/OT seems
to be affected by the severity of the motor functional impairment of the
affected upper limb, and this is largely related to the presence or absence
of spasticity. Based on these effects, it could be hypothesized that local
injection of BoNT into the spastic muscles before the application of
rTMS/OT, may potentially enhance the treatment outcome especially
in patients with spasticity and post-stroke upper limb hemiparesis.

In a study by Yamada and cohorts [87], eighty patients with PSS were
randomized into either the BONT plus rTMS/OT group versus the rTMS/
OT only group. A total dose of 240 units BoNT was injected into the
spastic muscles before rTMS/OT. It was shown that both groups showed
significant improvements in terms of spasticity and motor function.
However, the addition of BoNT led to better improvement as assessed by
the Fugl-Meyer Assessment score and Modified Ashworth Scale of finger
flexor muscles (p<0.05). It was concluded that the triple-element protocol
consisting of BoNT, rTMS and intensive OT, is a promising therapeutic
program for spastic upper limb hemiparesis following stroke.

Lower limb rehabilitation

Ambulatory rehabilitation and BoNT: The benefits of high
intensity ambulatory rehabilitation programs over the customary
care following BoNT have been examined by Demetrios et al. [88]
for PSS among Australian adults. Following BoNT injections for PSS,
participants were divided into 1) high intensity ambulatory programs
(greater than or equal to three times weekly of one-hour sessions for a

total of approximately ten weeks) or 2) customary care programs (less
than or equal to two times weekly of one-hour sessions). Assessor-
blinded outcomes were completed at baseline (0), 6, 12, and 24 weeks.
It was found that both groups had significant improvement in goal
attainment and participant satisfaction until 24 weeks; no overall
between-groups differences were significantly seen. However, there
was a statistical trend (p=0.052) for participants to achieve more upper
limb goals in the high intensity therapy group. The authors therefore
forwarded that there was a trend for high intensity therapy to be
related to greater upper limb goal attainment even if patient-centered
outcomes after BoNT injections for PSS were not influenced by the
intensity of ambulatory rehabilitation strategies [88]. A further research
is required to evaluate such effect and determine which elements of
therapy programs enhance post-BoNT outcomes. Interestingly for the
lower limb spasticity, a Chinese cohort receiving functional electrical
stimulation combined with conventional rehabilitation program (as
against the conventional rehabilitation program alone) improved
mobility and activities of daily living in early PSS [89]. The latter
phenomenon opens a divide on whether BoNT (in combination with
rehabilitation) [79-81] may still impact on improved care for this group
of patients with lower limb PSS (Table 2).

Conclusion and Recommendations

In today’s milieu, where PSS and its residual deficits remain to be
one of the most incapacitating conditions, comprehensive rehabilitation
is of utmost importance. BoNT therapy, in combination with stroke
neurorehabilitation programs, when instituted in the early stages (3
months post-ictus), aims to provide a wider avenue of available therapeutic
interventions to improving muscle tone, dystonia, associated reactions,
contracture prevention and pain among patients suffering from PSS.

References

1. Paul SL, Srikanth VK, Thrift AG (2007) The large and growing burden of stroke.
Curr Drug Targets 8: 786-793.

2. ODell MW, Lin CC, Harrison V (2009) Stroke rehabilitation: strategies to
enhance motor recovery. Annu Rev Med 60: 55-68.

3. Wissel J, Verrier M, Simpson DM, Charles D, Guinto P, et al. (2015) Post-stroke
spasticity: predictors of early development and considerations for therapeutic
intervention. PM R 7: 60-67.

4. Pandyan AD, Cameron M, Powell J, Stott DJ, Granat MH (2003) Contractures
in the post-stroke wrist: a pilot study of its time course of development and its
association with upper limb recovery. Clin Rehabil 17: 88-95.

5. Pandyan AD, Gregoric M, Barnes MP, Wood D, Wijck F, et al. (2005) Spasticity:
clinical perceptions, neurological realities and meaningful measurement.
Disabil Rehabil 27: 2-6.

Int J Neurorehabilitation
ISSN: 2376-0281 IJN, an open access journal

Volume 3 + Issue 3 « 1000207


http://www.ncbi.nlm.nih.gov/pubmed/17630931
http://www.ncbi.nlm.nih.gov/pubmed/17630931
http://www.ncbi.nlm.nih.gov/pubmed/18928333
http://www.ncbi.nlm.nih.gov/pubmed/18928333
http://www.ncbi.nlm.nih.gov/pubmed/25171879
http://www.ncbi.nlm.nih.gov/pubmed/25171879
http://www.ncbi.nlm.nih.gov/pubmed/25171879
http://www.ncbi.nlm.nih.gov/pubmed/12617383
http://www.ncbi.nlm.nih.gov/pubmed/12617383
http://www.ncbi.nlm.nih.gov/pubmed/12617383
http://www.ncbi.nlm.nih.gov/pubmed/15799140
http://www.ncbi.nlm.nih.gov/pubmed/15799140
http://www.ncbi.nlm.nih.gov/pubmed/15799140

Citation: Gozum MALP, Rosales RL (2016) Botulinum Toxin A Therapy in Early Post-stroke Spasticity: Providing a Wider Treatment Avenue. Int J

Neurorehabilitation 3: 207. doi:10.4172/2376-0281.1000207

Page 5 of 6

2

2

=

22.

23.

24,

2

[$2]

26.

27.

2

oo

2

o

©

Gladman JR, Sackley CM (1998) The scope for rehabilitation in severely
disabled stroke patients. Disabil Rehabil 20: 391-394.

Feys H, De Weerdt W, Nuyens G, van de Winckel A, Selz B, et al. (2000)
Predicting motor recovery of the upper limb after stroke rehabilitation: value of
a clinical examination. Physiother Res Int 5: 1-18.

Watkins CL, Leathley MJ, Gregson JM, Moore AP, Smith TL, et al. (2002)
Prevalence of spasticity post stroke. Clin Rehabil 16: 515-522.

Kwah LK, Harvey LA, Diong JH, Herbert RD (2012) Half of the adults who
present to hospital with stroke develop at least one contracture within six
months: an observational study. J Physiother 58: 41-47.

. Zorowitz RD, Gillard PJ, Brainin M (2013) Poststroke spasticity: sequelae and

burden on stroke survivors and caregivers. Neurology 80: S45-52.

. Barnes MP (2008) An overview of the clinical management of spasticity. In:

Barnes MP, Johnson GR (edr) Upper motor neurone syndrome and spasticity:
clinical management and neurophysiology. Cambridge: Cambridge University
Press, UK.

. Lieber RL, Steinman S, Barash IA, Chambers H (2004 ) Structural and functional

changes in spastic skeletal muscle. Muscle Nerve 29: 615-627.

. Centre for Rehabilitation and Engineering Studies (CREST) SPASM (2014) A

European Thematic Network to Develop Standardised Measures of Spasticity.
CREST, University of Newcastle, England.

. Rosales RL, Chua-Yap AS (2008) Evidence based systematic review on the

efficacy and safety of BoONT-A in post-stroke spasticity. J Neural Transm 115:
617-623.

. Sheean G (2009) Botulinum toxin should be first-line treatment for poststroke

spasticity. J Neurol Neurosurg Psychiatry 80: 359.

. Gracies JM (2005) Pathophysiology of spastic paresis. Il: Emergence of muscle

overactivity. Muscle Nerve 31: 552-571.

. Ada L, Vattanasilp W, O'Dwyer NJ, Crosbie J (1998) Does spasticity contribute

to walking dysfunction after stroke? J Neurol Neurosurg Psychiatry 64: 628-
635.

.Malhotra S, Pandyan AD, Day CR, Jones PW, Hermens H (2009) Spasticity,

an impairment that is poorly defined and poorly measured. Clin Rehabil 23:
651-658.

. Trompetto C, MarinelliL, MoriL, Pelosin E, CurraA, etal. (2014) Pathophysiology

of spasticity: implications for neurorehabilitation. Biomed Res Int 2014: 354906.

Lance JW (1980) The control of muscle tone, reflexes, and movement: Robert
Wartenberg Lecture. Neurology 30: 1303-1313.

. Lundstrom E, Smits A, Terént A, Borg J (2010) Time-course and determinants

of spasticity during the first six months following first-ever stroke. J Rehabil
Med 42: 296-301.

Sommerfeld DK, Eek EU, Svensson AK, Holmqvist LW, von Arbin MH (2004)
Spasticity after stroke: its occurrence and association with motor impairments
and activity limitations. Stroke 35: 134-139.

Wissel J, Schelosky LD, Scott J, Christe W, Faiss JH, et al. (2010) Early
development of spasticity following stroke: a prospective, observational trial. J
Neurol 257: 1067-1072.

Urban PP, Wolf T, Uebele M, Marx JJ, Vogt T, et al. (2010) Occurence and
clinical predictors of spasticity after ischemic stroke. Stroke 41: 2016-2020.

. Leathley MJ, Gregson JM, Moore AP, Smith TL, Sharma AK, et al. (2004)

Predicting spasticity after stroke in those surviving to 12 months. Clin Rehabil
18: 438-443.

Lundstrém E, Terént A, Borg J (2008) Prevalence of disabling spasticity 1 year
after first-ever stroke. Eur J Neurol 15: 533-539.

Brainin M, Norrving B, Sunnerhagen KS, Goldstein L, Donnan G, et al. (2011)
Poststroke chronic disease management: Towards improved identification and
interventions for poststroke spasticity-related complications. Int J Stroke 6: 42-46.

. Gracies JM, Wilson L, Gandevia SC, Burke D (1997) Stretched position of

spastic muscles aggravates their co-contraction in hemiplegic patients. Ann
Neurol 42: 438-439.

. Aagaard P, Simonsen EB, Andersen JL, Magnusson SP, Bojsen-Mgller F, et al.

(2000) Antagonist muscle coactivation during isokinetic knee extension. Scand
J Med Sci Sports 10: 58-67.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

3

©

40.

4

-

42.

43.

44,

45.

46.

47.

48.

4

©

50.

5

iy

52.

53.

54.

Denny-Brown D (1966) The cerebral control of movement. Liverpool University
Press, Liverpool, UK.

. Tardieu C, Tardieu G, Colbeau-Justin P, Huet de la Tour E, Lespargot A (1979)

Trophic muscle regulation in children with congenital cerebral lesions. J Neurol
Sci 42: 357-364.

Vinti M, Costantino F, Bayle N, Simpson DM, Weisz DJ, et al. (2012) Spastic
cocontraction in hemiparesis: effects of botulinum toxin. Muscle Nerve 46: 926-
931.

Mayer NH, Esquenazi A, Keenan MA (2001) Patterns of upper motoneuron
dysfunction in the lower limb. Adv Neurol 87: 311-319.

Walshe FMR (1923) On certain tonic and postural reflexes in hemiplegia with
special reference to the so-called ‘associated movements’. Brain 46: 1-37.

Boissy P, Bourbonnais D, Kaegi C, Gravel D, Arsenault BA (1997)
Characterization of global synkineses during hand grip in hemiparetic patients.
Arch Phys Med Rehabil 78: 1117-1124.

Lazarus JC (1992) Associated movement in hemiplegia: the effects of force
exerted, limb usage and inhibitory training. Arch Phys Med Rehabil 73: 1044-
1049.

Dvir Z, Penturin E, Prop | (1996) The effect of graded effort on the severity of
associated reactions in hemiplegic subjects. Clin Rehabil 10: 155-158.

Edwards S (1997) Neurological physiotherapy: a problem-solving approach.
Churchill Livingstone, London.

. Mulley G (1982) Associated reactions in the hemiplegic arm. Scand J Rehabil

Med 14: 117-120.
Lynch Ellerington ME (1988) Letters to the editor. Physiother Res Int 3: 76-78.

. Davies PM (1985) Steps to follow; a guide to the treatment of adult hemiplegia.

Springer Verlag, Berlin.

Dvir Z, Panturin E (1993) Measurement of spasticity and associated reactions
in stroke patients before and after physiotherapeutic intervention. Clin Rehabil
7:15-21.

Tabary JC, Tabary C, Tardieu C, Tardieu G, Goldspink G (1972) Physiological
and structural changes in the cat’'s soleus muscle due to immobilization at
different lengths by plaster casts. Journal of Physiology 224: 231-244.

Jarvinen TA, Jozsa L, Kannus P, Jarvinen TL, Jarvinen M (2002) Organization
and distribution of intramuscular connective tissue in normal and immobilized
skeletal muscles. J Mus Res Cell Mot 23: 245-254.

McLachlan EM, Chua M (1983) Rapid adjustment of sarcomere length in
tenotomized muscles depends on an intact innervation. Neurosci Let 35: 127-
133.

Herbert RD, Balnave RJ (1993) Effect of position of immobilization on resting
length, resting stiffness, and weight of the soleus muscle of the rabbit. J Ortho
Res 11: 358-366.

Maier A, Eldred E, Edgerton VR (1972) The effects on spindles of muscle
atrophy and hypertrophy. Exp Neurol 37: 100-123.

Dietz V, Berger W (1983) Normal and impaired regulation of muscle stiffness
in gait: a new hypothesis about muscle hypertonia. Exp Neurol 79: 680-687.

. Galiana L, Fung J, Kearney R (2005) Identification of intrinsic and reflex ankle

stiffness components in stroke patients. Exp Brain Res 165: 422-434.

Vattanasilp W, Ada L, Crosbie J (2000) Contribution of thixotropy, spasticity,
and contracture to ankle stiffness after stroke. J Neurol Neurosurg Psychiatry
69: 34-39.

. Rosales RL, Kanovsky P, Fernandez HH (2011) What'’s the “catch” in upper-

limb post-stroke spasticity: expanding the role of botulinum toxin applications.
Parkinsonism Relat Disord 17: S3-S10.

Ada L, O'Dwyer N, O'Neill E (2006) Relation between spasticity, weakness
and contracture of the elbow flexors and upper limb activity after stroke: an
observational study. Disabil Rehabil 28: 891-897.

Truini A, Barbanti P, Pozzili C, Cruccu G (2013) A mechanism-based
classification of pain in multiple sclerosis. J Neurol 260: 351-367.

Chang YJ, Liang JN, Hsu MJ, Lien HY, Fang CY, et al. (2013) Effects of
continuous passive motion on reversing the adapted spinal circuit in humans
with chronic spinal cord injury. Arch Phys Med Rehabil 94: 822-828.

Int J Neurorehabilitation
ISSN: 2376-0281 IJN, an open access journal

Volume 3 + Issue 3 « 1000207


http://www.ncbi.nlm.nih.gov/pubmed/9793754
http://www.ncbi.nlm.nih.gov/pubmed/9793754
http://www.ncbi.nlm.nih.gov/pubmed/10785907
http://www.ncbi.nlm.nih.gov/pubmed/10785907
http://www.ncbi.nlm.nih.gov/pubmed/10785907
http://www.ncbi.nlm.nih.gov/pubmed/12194622
http://www.ncbi.nlm.nih.gov/pubmed/12194622
http://www.ncbi.nlm.nih.gov/pubmed/22341381
http://www.ncbi.nlm.nih.gov/pubmed/22341381
http://www.ncbi.nlm.nih.gov/pubmed/22341381
http://www.ncbi.nlm.nih.gov/pubmed/23319485
http://www.ncbi.nlm.nih.gov/pubmed/23319485
http://www.ncbi.nlm.nih.gov/pubmed/15116365
http://www.ncbi.nlm.nih.gov/pubmed/15116365
http://research.ncl.ac.uk/spasm/Projdescr.htm
http://research.ncl.ac.uk/spasm/Projdescr.htm
http://research.ncl.ac.uk/spasm/Projdescr.htm
http://www.ncbi.nlm.nih.gov/pubmed/18322637
http://www.ncbi.nlm.nih.gov/pubmed/18322637
http://www.ncbi.nlm.nih.gov/pubmed/18322637
http://www.ncbi.nlm.nih.gov/pubmed/19289475
http://www.ncbi.nlm.nih.gov/pubmed/19289475
http://www.ncbi.nlm.nih.gov/pubmed/15714511
http://www.ncbi.nlm.nih.gov/pubmed/15714511
http://www.ncbi.nlm.nih.gov/pubmed/9598679
http://www.ncbi.nlm.nih.gov/pubmed/9598679
http://www.ncbi.nlm.nih.gov/pubmed/9598679
http://www.ncbi.nlm.nih.gov/pubmed/19470550
http://www.ncbi.nlm.nih.gov/pubmed/19470550
http://www.ncbi.nlm.nih.gov/pubmed/19470550
http://www.ncbi.nlm.nih.gov/pubmed/25530960
http://www.ncbi.nlm.nih.gov/pubmed/25530960
http://www.ncbi.nlm.nih.gov/pubmed/7192811
http://www.ncbi.nlm.nih.gov/pubmed/7192811
http://www.ncbi.nlm.nih.gov/pubmed/20461330
http://www.ncbi.nlm.nih.gov/pubmed/20461330
http://www.ncbi.nlm.nih.gov/pubmed/20461330
http://www.ncbi.nlm.nih.gov/pubmed/14684785
http://www.ncbi.nlm.nih.gov/pubmed/14684785
http://www.ncbi.nlm.nih.gov/pubmed/14684785
http://www.ncbi.nlm.nih.gov/pubmed/20140444
http://www.ncbi.nlm.nih.gov/pubmed/20140444
http://www.ncbi.nlm.nih.gov/pubmed/20140444
http://www.ncbi.nlm.nih.gov/pubmed/20705930
http://www.ncbi.nlm.nih.gov/pubmed/20705930
http://www.ncbi.nlm.nih.gov/pubmed/15180128
http://www.ncbi.nlm.nih.gov/pubmed/15180128
http://www.ncbi.nlm.nih.gov/pubmed/15180128
http://www.ncbi.nlm.nih.gov/pubmed/18355307
http://www.ncbi.nlm.nih.gov/pubmed/18355307
http://www.ncbi.nlm.nih.gov/pubmed/21205240
http://www.ncbi.nlm.nih.gov/pubmed/21205240
http://www.ncbi.nlm.nih.gov/pubmed/21205240
https://books.google.co.in/books?id=TMhOOCGtOKEC&pg=PA146&lpg=PA146&dq=Ann+Neurol+1997;42:438%E2%80%93439&source=bl&ots=X7K3WAiQGT&sig=BNTtFJfqaO-L_JLyuRZfbCU1y3U&hl=en&sa=X&ved=0ahUKEwil9vvGouPMAhXMKY8KHRa3BSEQ6AEIGzAA#v=onepage&q=Ann Neurol 1997%3B42%3A438%E2%80%93439&f=false
https://books.google.co.in/books?id=TMhOOCGtOKEC&pg=PA146&lpg=PA146&dq=Ann+Neurol+1997;42:438%E2%80%93439&source=bl&ots=X7K3WAiQGT&sig=BNTtFJfqaO-L_JLyuRZfbCU1y3U&hl=en&sa=X&ved=0ahUKEwil9vvGouPMAhXMKY8KHRa3BSEQ6AEIGzAA#v=onepage&q=Ann Neurol 1997%3B42%3A438%E2%80%93439&f=false
https://books.google.co.in/books?id=TMhOOCGtOKEC&pg=PA146&lpg=PA146&dq=Ann+Neurol+1997;42:438%E2%80%93439&source=bl&ots=X7K3WAiQGT&sig=BNTtFJfqaO-L_JLyuRZfbCU1y3U&hl=en&sa=X&ved=0ahUKEwil9vvGouPMAhXMKY8KHRa3BSEQ6AEIGzAA#v=onepage&q=Ann Neurol 1997%3B42%3A438%E2%80%93439&f=false
http://www.ncbi.nlm.nih.gov/pubmed/10755275
http://www.ncbi.nlm.nih.gov/pubmed/10755275
http://www.ncbi.nlm.nih.gov/pubmed/10755275
http://www.freepaperdownload.us/1762/Article4217888.htm
http://www.freepaperdownload.us/1762/Article4217888.htm
http://www.ncbi.nlm.nih.gov/pubmed/512672
http://www.ncbi.nlm.nih.gov/pubmed/512672
http://www.ncbi.nlm.nih.gov/pubmed/512672
http://www.ncbi.nlm.nih.gov/pubmed/11347236
http://www.ncbi.nlm.nih.gov/pubmed/11347236
http://brain.oxfordjournals.org/content/46/1/1
http://brain.oxfordjournals.org/content/46/1/1
http://www.ncbi.nlm.nih.gov/pubmed/9339163
http://www.ncbi.nlm.nih.gov/pubmed/9339163
http://www.ncbi.nlm.nih.gov/pubmed/9339163
http://www.ncbi.nlm.nih.gov/pubmed/1444770
http://www.ncbi.nlm.nih.gov/pubmed/1444770
http://www.ncbi.nlm.nih.gov/pubmed/1444770
http://cre.sagepub.com/content/10/2/155.abstract?patientinform-links=yes&legid=spcre;10/2/155
http://cre.sagepub.com/content/10/2/155.abstract?patientinform-links=yes&legid=spcre;10/2/155
http://www.physiotherapyjournal.com/article/S0031-9406%2805%2967179-9/abstract
http://www.physiotherapyjournal.com/article/S0031-9406%2805%2967179-9/abstract
http://www.ncbi.nlm.nih.gov/pubmed/7134911
http://www.ncbi.nlm.nih.gov/pubmed/7134911
http://www.springer.com/us/book/9783540134367
http://www.springer.com/us/book/9783540134367
http://cre.sagepub.com/content/7/1/15.short
http://cre.sagepub.com/content/7/1/15.short
http://cre.sagepub.com/content/7/1/15.short
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1331536/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1331536/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1331536/
http://www.ncbi.nlm.nih.gov/pubmed/12500904
http://www.ncbi.nlm.nih.gov/pubmed/12500904
http://www.ncbi.nlm.nih.gov/pubmed/12500904
http://www.ncbi.nlm.nih.gov/pubmed/6856191
http://www.ncbi.nlm.nih.gov/pubmed/6856191
http://www.ncbi.nlm.nih.gov/pubmed/6856191
http://www.ncbi.nlm.nih.gov/pubmed/8326442
http://www.ncbi.nlm.nih.gov/pubmed/8326442
http://www.ncbi.nlm.nih.gov/pubmed/8326442
http://www.ncbi.nlm.nih.gov/pubmed/4116665
http://www.ncbi.nlm.nih.gov/pubmed/4116665
http://www.ncbi.nlm.nih.gov/pubmed/6825758
http://www.ncbi.nlm.nih.gov/pubmed/6825758
http://www.ncbi.nlm.nih.gov/pubmed/15991034
http://www.ncbi.nlm.nih.gov/pubmed/15991034
http://www.ncbi.nlm.nih.gov/pubmed/10864601
http://www.ncbi.nlm.nih.gov/pubmed/10864601
http://www.ncbi.nlm.nih.gov/pubmed/10864601
http://www.ncbi.nlm.nih.gov/pubmed/21999894
http://www.ncbi.nlm.nih.gov/pubmed/21999894
http://www.ncbi.nlm.nih.gov/pubmed/21999894
http://www.ncbi.nlm.nih.gov/pubmed/16777777
http://www.ncbi.nlm.nih.gov/pubmed/16777777
http://www.ncbi.nlm.nih.gov/pubmed/16777777
http://www.ncbi.nlm.nih.gov/pubmed/22760942
http://www.ncbi.nlm.nih.gov/pubmed/22760942
http://www.ncbi.nlm.nih.gov/pubmed/23219613
http://www.ncbi.nlm.nih.gov/pubmed/23219613
http://www.ncbi.nlm.nih.gov/pubmed/23219613

Citation: Gozum MALP, Rosales RL (2016) Botulinum Toxin A Therapy in Early Post-stroke Spasticity: Providing a Wider Treatment Avenue. Int J

Neurorehabilitation 3: 207. doi:10.4172/2376-0281.1000207

Page 6 of 6

55.

56.

57.

58.

59

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Sheean G, McGuire JR (2009) Spastic hypertonia and movement disorders:
pathophysiology, clinical presentation, and quantification. PM R 1: 827-833.

Ward AB, Kadies M (2002) The management of pain in spasticity. Disabil
Rehabil 24: 443-453.

Smania N, Picelli A, Munari D, Geroin C, lanes P, et al. (2010) Rehabilitation
procedures in the management of spasticity. Eur J Phys Rehabil Med 46: 423-
438.

Veerbeek JM, van Wegen E, van Peppen R, van der Wees PJ, Hendriks E, et
al. (2014) What is the evidence for physical therapy poststroke? A systematic
review and meta-analysis. PLoS One 9: e87987.

. Ward AB (2002) A summary of spasticity management--a treatment algorithm.

Eur J Neurol 9 Suppl 1: 48-52.

Wiart L, Darrah J, Kembhavi G (2008) Stretching with children with cerebral
palsy: what do we know and where are we going? Pediatr Phys Ther 20: 173-
178.

Pak S, Patten C (2008) Strengthening to promote functional recovery
poststroke: an evidence-based review. Top Stroke Rehabil 15: 177-199.

Sirtori V, Corbetta D, Moja L, Gatti R (2009) Constraint-induced movement
therapy for upper extremities in stroke patients (Review). The Cochrane
Collaboration 7: CD004433.

Brashear A, Gordon MF, Elovic E, Kassicieh VD, Marciniak C, et al. (2002)
Intramuscular injection of botulinum toxin for the treatment of wrist and finger
spasticity after a stroke. N Engl J Med 347: 395-400.

Simpson DM, Alexander DN, O’Brien CF, Tagliati M (1996) Botulinum toxin type
A in the treatment of upper extremity spasticity: a randomized, double blind,
placebo controlled trial. Neurology 46: 1306-1310.

Bhakta BB, Cozens JA, Chamberlain MA, Bamford J (2000) Impact of botulinum
toxin type A on disability and career burden due to arm spasticity after stroke:
a randomized double blind placebo controlled trial. J Neurol Neurosurg
Psychiatry 69: 217-221.

Simpson DM, Hallett M, Ashman EJ, Comella CL, Green MW, et al. (2016)
Practice guideline update summary: Botulinum neurotoxin for the treatment of
blepharospasm, cervical dystonia, adult spasticity, and headache; Report of the
Guideline Development Subcommittee of the American Academy of Neurology.
Neurology 86: 1-9.

Ozcakir S, Sivrioglu K (2007) Botulinum toxin in poststroke spasticity. Clin Med
Res 5: 132-138.

Rosales RL, Dressler D (2010) On muscle spindles, dystonia and botulinum
toxin. Eur J Neurol 17: 71-80.

Veverka T, Hustik P, Hok P, Otruba P, Tudos Z, et al. (2014) Cortical activity
modulation by botulinum toxin type A in patients with post-stroke arm spasticity:
real and imagined hand movement. J Neurol Sci 346: 276-283.

McCrory P, Turner-Stokes L, Baguley |J, De Graaff S, Katrak P, et al. (2009)
Botulinum toxin A for treatment of upper limb spasticity following stroke: a multi-
centre randomized placebo-controlled study of the effects on quality of life and
other person-centred outcomes. J Rehabil Med 41: 536-544.

Pickett A, Rosales RL (2011) New trends in the science of botulinum toxin-A as
applied in dystonia. Int J Neurosci 121 Suppl 1: 22-34.

Shaw LC, Price ClI, van Wijck FM, Shackley P, Steen N, et al. (2011) Botulinum
Toxin for the Upper Limb after Stroke (BoTULS) Trial: effect on impairment,
activity limitation, and pain. Stroke 42: 1371-1379.

Vinti M, Couillandre A, Hausselle J, Bayle N, Primerano A, et al. (2013)
Influence of effort intensity and gastrocnemius stretch on co-contraction and
torque production in the healthy and paretic ankle. Clin Neurophysiol 124: 528-
535.

Rosales RL (2012) Dystonia, spasticity and botulinum toxin therapy: rationale,
evidences and clinical context. In: Rosales RL (edr) Dystonia — many facets.
InTech, Rijeka, Croatia.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Turner-Stokes L, Fheodoroff K, Jacinto J, Maisonobe P (2013) Results from
the Upper Limb International Spasticity Study-Il (ULISII):a large, international,
prospective cohort study investigating practice and goal attainment following
treatment with botulinum toxin A in real-life clinical management. BMJ Open 3.

Cousins E, Ward A, Roffe C, Rimington L, Pandyan A (2010) Does low-dose
botulinum toxin help the recovery of arm function when given early after stroke?
Aphase Il randomized controlled pilot study to estimate effect size. Clin Rehabil
24:501-513.

Hesse S, Mach H, Frohlich S, Behrend S, Werner C, et al. (2012) An early
botulinum toxin A treatment in subacute stroke patients may prevent a disabling
finger flexor stiffness six months later: a randomized controlled ftrial. Clin
Rehabil 26: 237-245.

Rosales RL, Kong KH, Goh KJ, Kumthornthip W, Mok VC, et al. (2012)
Botulinum toxin injection for hypertonicity of the upper extremity within 12
weeks after stroke: a randomized controlled trial. Neurorehabil Neural Repair
26: 812-821.

Verplancke D, Snape S, Salisbury CF, Jones PW, Ward AB (2005) A
randomized controlled trial of botulinum toxin on lower limb spasticity following
acute acquired severe brain injury. Clin Rehabil 19: 117-125.

Fietzek UM, Kossmehl P, Schelosky L, Ebersbach G, Wissel J (2014) Early
botulinum toxin treatment for spastic pes equinovarus--a randomized double-
blind placebo-controlled study. Eur J Neurol 21: 1089-1095.

Tao W, Yan D, Li JH, Shi ZH (2015) Gait improvement by low-dose botulinum
toxin A injection treatment of the lower limbs in subacute stroke patients. J Phys
Ther Sci 27: 759-762.

Mansur CG, Fregni F, Boggio PS, Riberto M, Gallucci-Neto J, et al. (2005) A
sham stimulation-controlled trial of rTMS of the unaffected hemisphere in stroke
patients. Neurology 64: 1802-1804.

Takeuchi N, Chuma T, Matsuo Y, Watanabe I, lkoma K (2005) Repetitive
transcranial magnetic stimulation of contralesional primary motor cortex
improves hand function after stroke. Stroke 36: 2681-2686.

Fregni F, Boggio PS, Valle AC, Rocha RR, Duarte J, et al. (2006) A sham-
controlled trial of a 5-day course of repetitive transcranial magnetic stimulation
of the unaffected hemisphere in stroke patients. Stroke 37: 2115-2122.

Kakuda W, Abo M, Kobayashi K, Momosaki R, Yokoi A, et al. (2011) Anti-spastic
effect of low-frequency rTMS applied with occupational therapy in post-stroke
patients with upper limb hemiparesis. Brain Inj 25: 496-502.

Kakuda W, Abo M, Shimizu M, Sasanuma J, Okamoto T, et al. (2012) A multi-center
study on low- frequency rTMS combined with intensive occupational therapy for
upper limb hemiparesis in post-stroke patients. J Neuroeng Rehabil 9: 4.

Yamada N, Kakuda W, Kondo T, Mitani S, Shimizu M, et al. (2014) Local
Muscle Injection of Botulinum Toxin Type A Synergistically Improves the
Beneficial Effects of Repetitive Transcranial Magnetic Stimulation and Intensive
Occupational Therapy in Post-Stroke Patients with Spastic Upper Limb
Hemiparesis. Eur Neurol 72: 290-298.

Demetrios M, Gorelik A, Louie J, Brand C, Baguley 1J, et al. (2014) Outcomes
of ambulatory rehabilitation programmes following botulinum toxin for spasticity
in adults with stroke. J Rehabil Med 46: 730-737.

You G, Huiying LH, Tiebin YT (2014) Functional electrical stimulation early after
stroke improves lower limb motor function and ability in activities of daily living.
NeuroRehabilitation 35: 381-389.

Int J Neurorehabilitation
ISSN: 2376-0281 IJN, an open access journal

Volume 3 + Issue 3 « 1000207


http://www.ncbi.nlm.nih.gov/pubmed/19769916
http://www.ncbi.nlm.nih.gov/pubmed/19769916
http://www.ncbi.nlm.nih.gov/pubmed/12033999
http://www.ncbi.nlm.nih.gov/pubmed/12033999
http://www.ncbi.nlm.nih.gov/pubmed/20927008
http://www.ncbi.nlm.nih.gov/pubmed/20927008
http://www.ncbi.nlm.nih.gov/pubmed/20927008
http://www.ncbi.nlm.nih.gov/pubmed/24505342
http://www.ncbi.nlm.nih.gov/pubmed/24505342
http://www.ncbi.nlm.nih.gov/pubmed/24505342
http://www.ncbi.nlm.nih.gov/pubmed/11918650
http://www.ncbi.nlm.nih.gov/pubmed/11918650
http://www.ncbi.nlm.nih.gov/pubmed/18480717
http://www.ncbi.nlm.nih.gov/pubmed/18480717
http://www.ncbi.nlm.nih.gov/pubmed/18480717
http://www.ncbi.nlm.nih.gov/pubmed/18647724
http://www.ncbi.nlm.nih.gov/pubmed/18647724
http://www.ncbi.nlm.nih.gov/pubmed/19821326
http://www.ncbi.nlm.nih.gov/pubmed/19821326
http://www.ncbi.nlm.nih.gov/pubmed/19821326
http://www.ncbi.nlm.nih.gov/pubmed/12167681
http://www.ncbi.nlm.nih.gov/pubmed/12167681
http://www.ncbi.nlm.nih.gov/pubmed/12167681
http://www.ncbi.nlm.nih.gov/pubmed/8628472
http://www.ncbi.nlm.nih.gov/pubmed/8628472
http://www.ncbi.nlm.nih.gov/pubmed/8628472
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1737061/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1737061/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1737061/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1737061/
http://www.neurology.org/content/86/19/1818.full
http://www.neurology.org/content/86/19/1818.full
http://www.neurology.org/content/86/19/1818.full
http://www.neurology.org/content/86/19/1818.full
http://www.neurology.org/content/86/19/1818.full
http://www.ncbi.nlm.nih.gov/pubmed/17607049
http://www.ncbi.nlm.nih.gov/pubmed/17607049
http://www.ncbi.nlm.nih.gov/pubmed/20590812
http://www.ncbi.nlm.nih.gov/pubmed/20590812
http://www.ncbi.nlm.nih.gov/pubmed/25255982
http://www.ncbi.nlm.nih.gov/pubmed/25255982
http://www.ncbi.nlm.nih.gov/pubmed/25255982
http://www.ncbi.nlm.nih.gov/pubmed/19543664
http://www.ncbi.nlm.nih.gov/pubmed/19543664
http://www.ncbi.nlm.nih.gov/pubmed/19543664
http://www.ncbi.nlm.nih.gov/pubmed/19543664
http://www.ncbi.nlm.nih.gov/pubmed/21244295
http://www.ncbi.nlm.nih.gov/pubmed/21244295
http://www.ncbi.nlm.nih.gov/pubmed/21415398
http://www.ncbi.nlm.nih.gov/pubmed/21415398
http://www.ncbi.nlm.nih.gov/pubmed/21415398
http://www.ncbi.nlm.nih.gov/pubmed/23063291
http://www.ncbi.nlm.nih.gov/pubmed/23063291
http://www.ncbi.nlm.nih.gov/pubmed/23063291
http://www.ncbi.nlm.nih.gov/pubmed/23063291
http://cdn.intechopen.com/pdfs/32230.pdf
http://cdn.intechopen.com/pdfs/32230.pdf
http://cdn.intechopen.com/pdfs/32230.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23794582
http://www.ncbi.nlm.nih.gov/pubmed/23794582
http://www.ncbi.nlm.nih.gov/pubmed/23794582
http://www.ncbi.nlm.nih.gov/pubmed/23794582
http://www.ncbi.nlm.nih.gov/pubmed/20483887
http://www.ncbi.nlm.nih.gov/pubmed/20483887
http://www.ncbi.nlm.nih.gov/pubmed/20483887
http://www.ncbi.nlm.nih.gov/pubmed/20483887
http://www.ncbi.nlm.nih.gov/pubmed/21971750
http://www.ncbi.nlm.nih.gov/pubmed/21971750
http://www.ncbi.nlm.nih.gov/pubmed/21971750
http://www.ncbi.nlm.nih.gov/pubmed/21971750
http://www.ncbi.nlm.nih.gov/pubmed/22371239
http://www.ncbi.nlm.nih.gov/pubmed/22371239
http://www.ncbi.nlm.nih.gov/pubmed/22371239
http://www.ncbi.nlm.nih.gov/pubmed/22371239
http://www.ncbi.nlm.nih.gov/pubmed/15759526
http://www.ncbi.nlm.nih.gov/pubmed/15759526
http://www.ncbi.nlm.nih.gov/pubmed/15759526
http://www.ncbi.nlm.nih.gov/pubmed/24754350
http://www.ncbi.nlm.nih.gov/pubmed/24754350
http://www.ncbi.nlm.nih.gov/pubmed/24754350
http://www.ncbi.nlm.nih.gov/pubmed/25931725
http://www.ncbi.nlm.nih.gov/pubmed/25931725
http://www.ncbi.nlm.nih.gov/pubmed/25931725
http://www.ncbi.nlm.nih.gov/pubmed/15911819
http://www.ncbi.nlm.nih.gov/pubmed/15911819
http://www.ncbi.nlm.nih.gov/pubmed/15911819
http://www.ncbi.nlm.nih.gov/pubmed/16254224
http://www.ncbi.nlm.nih.gov/pubmed/16254224
http://www.ncbi.nlm.nih.gov/pubmed/16254224
http://www.ncbi.nlm.nih.gov/pubmed/16809569
http://www.ncbi.nlm.nih.gov/pubmed/16809569
http://www.ncbi.nlm.nih.gov/pubmed/16809569
http://www.ncbi.nlm.nih.gov/pubmed/21456998
http://www.ncbi.nlm.nih.gov/pubmed/21456998
http://www.ncbi.nlm.nih.gov/pubmed/21456998
http://www.ncbi.nlm.nih.gov/pubmed/22264239
http://www.ncbi.nlm.nih.gov/pubmed/22264239
http://www.ncbi.nlm.nih.gov/pubmed/22264239
http://www.ncbi.nlm.nih.gov/pubmed/25323412
http://www.ncbi.nlm.nih.gov/pubmed/25323412
http://www.ncbi.nlm.nih.gov/pubmed/25323412
http://www.ncbi.nlm.nih.gov/pubmed/25323412
http://www.ncbi.nlm.nih.gov/pubmed/25323412
http://www.ncbi.nlm.nih.gov/pubmed/25073939
http://www.ncbi.nlm.nih.gov/pubmed/25073939
http://www.ncbi.nlm.nih.gov/pubmed/25073939
http://www.ncbi.nlm.nih.gov/pubmed/25227538
http://www.ncbi.nlm.nih.gov/pubmed/25227538
http://www.ncbi.nlm.nih.gov/pubmed/25227538

	Title
	Corresponding author
	Abstract 
	Introduction
	Post-stroke Spasticity 
	Definition
	Epidemiology and burden of disease 
	Spasticity and its associated impairments 
	Spastic-associated reactions 
	Local biomechanical changes and contractures 
	Spasticity-related pain 

	Current Rehabilitation Practices 
	Use of BoNT in early spasticity 
	Combination of BoNT and Neurorehabilitation 
	Upper limb rehabilitation 
	Lower limb rehabilitation 

	Conclusion and Recommendations  
	Figure 1
	Table 1
	Table 2
	References 

