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ABSTRACT
Stroke patients with spasticity usually require long-lasting care and interventions but frequently report that outpatient and community treatment is
limited, reflecting a significant unmet need in health and social care provision. Rehabilitation and spasticity management services are essential for
patient recovery, with improvements in both activity and participation reducing the burden on patients, family and society. Current clinical guidance
provides scope for improvements in both post-strokemanagement and spasticity prevention. However, access to specialist services can be limited
and the patient journey does not always match national recommendations. Identification of spasticity and its predictors and lack of subsequent
referral to rehabilitation or specialist spasticity services are key issues in the management of post-stroke spasticity. Implementation of a traffic light
classification system prioritises patients at an increased risk of spasticity and promotes early and consistent management across the spectrum of
primary and secondary care. The proposed system is based on clinical evidence, expert consensus and recent clinical guidelines. It provides
simple and straightforward criteria for management, multidisciplinary consultation and referral to specialist spasticity services, with patients al-
located by monitoring requirements and a low (green/periodic monitoring), medium (amber/routine referral) or high risk (red/urgent referral) of
spasticity.
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Introduction
Stroke is the second most common cause of death and a leading

cause of long-term disability in Europe and theWorld.1-3 Stroke

survivors present with a high incidence of long-term disabilities

and complications,4 with up to a third remaining physically

dependent,1 and approximately half of all patients presenting

with neurological impairment at 6 months.5 Although age-

standardised rates of stroke mortality have decreased, the abso-

lute annual incidence and burden is increasing.6

Spasticity is a motor and sensory disorder characterised by an

intermittent or sustained increase in tonic stretch reflexes with

exaggerated tendon jerks, resulting from hyperexcitability of the

stretch reflex.7,8 It is common after stroke, with the prevalence

of motor impairments estimated at up to 80% in stroke

survivors.3,9-13

Spasticity is estimated to occur in almost 25% of patients

within 2 weeks post-stroke.14,15 However, after 12 months, the

overall prevalence of spasticity increases to 38% in patients

surviving a first stroke and 44% for those with recurrent stroke

admissions.16 Severe or disabling spasticity has been reported in

approximately 15% of post-stroke patients.10,17

Although a distinct problem, spasticity is also implicated in

the formation of muscle contractures: loss of motion over time

due to abnormal shortening of the soft tissue structures,
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restricting joint mobility and leading to pain and stiffness.

Spasticity and muscle contractures are distinct issues, although

spasticity is implicated in contracture formation and contrac-

tures may actually potentiate spasticity in some patients.18

While the natural history of spasticity and contracture de-

velopment is highly variable, permanent loss of joint range is

reported to occur within 2–6 weeks post-stroke11,12 peaking at

1-3 months;12 impairments may continue to develop over 3–

6 months.3,12 Electromyography studies suggest that reflex-

mediated increase in muscle spasticity reaches its maximum

between 1 and 3 months after stroke.11

Spasticity is observed frequently in the upper extremities,

developing commonly in the elbow (79%), wrist (66%) and

shoulder (58%).12 The most frequent predictors of spasticity

and contracture include weakness, reduced motor control and

functional impairment.3,15 Risk of pain is often associated with

reduced sensation, shoulder subluxation, weakness and stroke

severity.3 In lower limbs, the prevalence of increased muscle

tone and spasticity is significantly lower, potentially less severe

and involves fewer muscles.15,19,20 Common lower limb in-

volvement includes ankle plantar flexors, followed by hip ad-

ductors, knee extensors, knee flexors and hip internal rotators.19

Limitations in mobility immediately after stroke predict the

incidence of pain at 3 months; pain is correlated with impaired

upper extremity movement and function.21 The occurrence of

shoulder pain is reported in up to 40% of patients but may be

observed in asmany as 90% of post-stroke patients with hemiplegia

or those receiving rehabilitation.3 Impairment of daily functioning

and early leg weakness have been identified as significant predictors

of lower limb spasticity at 12 months post-stroke.22

Clinical study outcomes suggest that the highest incidence of

pain appears within the first 6 months post-stroke, although it may

initially occur as early as 1week or at up to 16months.3One analysis

reports that a majority of patients with shoulder pain at 4 months

continued to report pain at 16 months.23 Post-stroke pain and

spasticity are often observed as interlinked predictors of each other,

with increases in pain associated with spasticity, and vice versa.

Spasticity in stroke is a substantial burden on patients, who

often experience reductions in both their ability to perform daily

living activities (active function), personal care tasks (passive

function) and in health-related quality of life,17,24 and for carers,

who exhibit poorer physical and emotional health compared

with the general population.17 Furthermore, access to specialist

spasticity services is often limited or non-existent, with patients

waiting over 6 months for services and a majority discharged

from secondary care without recommended therapy.1 Early

identification and treatment of at-risk patients will increase their

quality of care and help improve function, increase indepen-

dence and avoid long-term complications.1,12,25

Intervention

Effective and timely intervention aims to increase functional

abilities, improve personal care and impact on quality of life.12,26

Goals for intervention have been explored and evaluated ex-

tensively, and 6 categories have been identified through a series

of studies. Goal categories can be assigned consistently into 2

domains, each subdivided into 3 key goal areas (Table 1).27-29

Rehabilitation is essential in facilitating patient recovery

post-stroke (including management of spasticity), with the

potential to make significant improvements in both activity and

participation. Such improvements reduce the burden on pa-

tients, family and society, while also making significant long-

term cost savings.2 However, decisions on rehabilitation re-

quirements, including type, intensity and location, are usually

made by multidisciplinary teams who must also manage re-

source pressures and the availability of community support and

rehabilitation facilities.2 Stroke patients with spasticity usually

require long-lasting care and interventions but frequently report

that outpatient and community treatment is limited, reflecting a

significant perceived unmet need in health and social care

provision.24

Current treatment options for spasticity may include physical

treatments such as long-duration stretch (such as limb casting or

splinting to prevent the consequences of spasticity), positioning,

exercise and pharmaceutical intervention including oral spas-

ticity medication and focal treatments. Traditionally, spasticity

has been managed in a sequential fashion.12 However, most

clinicians in the United Kingdom currently adhere to recom-

mendations from the Royal College of Physicians (RCP),

applying a more systematic and tailored approach to reducing

spasticity and combining physical treatments supported by

pharmacotherapy.30

Oral spasticity medications generally have evidence for

benefit, but individual response to treatment can be variable

and is associated with systemic side effects.12 Regional

treatments, such as intrathecal baclofen, have demonstrated

efficacy in appropriately selected cases. A recent study in stroke

patients with severe spasticity (Ashworth score ≥3 in ≥2 af-

fected lower extremity muscle groups) demonstrated that

intrathecal baclofen provided statistically significant treatment

effects in pain and patient quality of life compared with oral

antispastic therapy.31 Focal spasticity has demonstrated sig-

nificant benefits following intramuscular injections of botu-

linum toxin therapy.30,32-34

The lack of high-quality research into pharmacological in-

terventions to treat spasticity following stroke was clearly

highlighted in a recent Cochrane review.35 With the exception

of botulinum toxin injections, there was insufficient high-

quality evidence to make conclusions about the effect of

pharmacological interventions on post-stroke spasticity. Also,

evidence suggests there is a significantly increased risk of adverse

effects in patients receiving antispasmodics when compared

with placebo, and particular care should be taken to monitor

patients receiving such regimens.35

The ASPIRE (Adult Spasticity International Registry) study

is a prospective, international observational study of spasticity

patients treated with focal botulinum toxin injections.33 An
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interim, 1-year follow-up analysis suggests that 85% of patients

(n = 731) and 93% of clinicians expressed extreme satisfaction/

satisfaction that botulinum toxin injections was beneficial for

relieving spasticity. Patients (91%) and physicians (98%) in-

dicated they would definitely/probably continue botulinum

toxin treatment for spasticity.36 Botulinum toxin injections have

been associated with weakness, extremity pain, injection site

reactions, localised pain, irritation and haemorrhage.37 Recent

meta-analyses of stroke patients with spasticity suggest the

frequency of adverse events is not significantly different to that

observed with placebo.38,39

A recent literature review of botulinum toxin in combination

with other treatment modalities suggests that extracorporeal

shock wave therapy (single sonic pulses characterised by high

peak pressure [100 MPa], fast pressure rise [< 10 ns] and short

duration [10 ms]) provides improved post-injection outcomes

compared with electrical stimulation, including spasticity and

pain; electrical stimulation of injected muscles may boost the

efficacy of botulinum toxin, although the most appropriate

stimulation protocol has yet to be defined.40

Both adhesive taping and casting may improve the effect of

botulinum toxin on limb spasticity, with casting providing

better outcomes for spasticity, range of motion and gait.

However, there is little current consensus over appropriate

timing, duration, target or appropriate casting material.40

Guidelines

Implementing current evidence and guidance provides scope for

improvements in both post-stroke management and secondary

prevention.24 The RCP Stroke guidelines state that the whole

stroke pathway should be incorporated when commissioning

organisations generate a care portfolio.41 The whole stroke

pathway includes hyperacute and acute care, secondary pre-

vention and community or long-term rehabilitation. Stroke

rehabilitation services should provide an inpatient stroke unit

that delivers rehabilitation for all admitted stroke patients,

specialist-supported early discharge for at-home or tertiary care

rehabilitation and a service capable of delivering specialist re-

habilitation in outpatient and community settings.41

Nonetheless, despite the availability of clinical guidelines

directing post-stroke management and rehabilitation,30,42-44

the patient journey does not always match such national rec-

ommendations. Access to specialist services is limited: the

National UK stroke audit showed that only 34% of post-acute

stroke services offer specialist spasticity management.45 Over

half of patients enrolled in the ASPIRE-S (Action on Sec-

ondary Prevention Interventions and Rehabilitation in Stroke)

study experienced a delay in care before receiving community

rehabilitation, with some waiting over 6 months for services;

almost 60% did not receive the therapy recommended at dis-

charge. The complex nature of stroke care results in patients

having contact with many different services, providers and

healthcare professionals at varying stages of stroke recovery and

rehabilitation.1 Early identification and treatment of patients at

risk of developing spasticity should improve physical function

and increase independence while also increasing their quality of

care.1,12 With regular assessments, patients benefit from earlier

treatment and avoid long-term complications; this is especially

pertinent for the most impaired patients and those with reduced

access to specialist care.25

When stroke and rehabilitation services are not adequately

resourced, patient transition between services and care providers

is hampered, presenting a significant challenge to professionals,

patients and their families/carers.1

Early assessment and management of post-stroke spasticity

are critical for avoiding long-term complications. The SALGOT

study, examining post-stroke upper limb spasticity, concluded

that reduced sensorimotor function was the most important

predictor for both spasticity and severe spasticity at 12 months

post-stroke and that spasticity could be predicted with high

sensitivity at 10 days post-stroke.25

Clinical experience suggests that implementation of rec-

ommended standard care varies widely across centres and

services. To elucidate best care in spasticity management and

rehabilitation, a panel of expert specialists met on several oc-

casions in an Advisory Board capacity and subsequently created

a consensus for recommended clinical practice.

Consensus Recommendations
Screening and Identification

The Expert Consensus panel agreed that identification of

spasticity and its predictors and lack of subsequent referral to

rehabilitation or specialist spasticity services are key issues,

especially in stroke teams. It has been demonstrated that many

post-stroke complications are either preventable or may be

potentially ameliorated with treatment. While it may be ar-

gued (although with ongoing debate in this area) that stroke

recovery attains a plateau after a certain time, long-term and

late therapy can increase the functional status of patients.

Thus, a coordinated and long-term management approach to

post-stroke complications may provide benefits to some

patients.24

Table 1. Intervention goal categories.9

DOMAIN 1: SYMPTOM/IMPAIRMENT

A. Pain/discomfort

B. Involuntary movements

C. Range of movement/contracture prevention

Domain 2: Activities/function

A. Passive function (ease of caring for the affected limb)

B. Active function (using the affected limb in active tasks)

C. Mobility

3Bavikatte et al
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Acute stroke teams may not commonly focus on spasticity

signs or management. As such, post-stroke patients with

symptoms of spasticity such as muscle stiffness are often

managed by physiotherapists in the post-acute setting. There is

usually a delay between identification of spasticity by physio-

therapy clinicians and the process of obtaining an accompanying

sign-off for spasticity referral.

Recommendation: if a post-stroke screening assessment indicates a risk
of spasticity (e.g. if the results of an assessment show marked increase
muscle tone, loss of range, a functional or care problem or the Modified
Ashworth Scale (MAS) score46 is ≥2) the patient should be monitored and
then immediately referred at the first sign of spasticity. Direct referral by
physiotherapy clinicians is recommended to facilitate this process.

Before any intervention is undertaken to manage spasticity, it

is important to assess its impact and severity.26 A number of

grading scales have been used to quantify spasticity as a positive

feature of upper motor neurone impairment, including the

MAS and modified Tardieu scale (MTS). The MAS has ac-

knowledged limitations in its measurement properties, partic-

ularly reliability and validity, but is used widely as it is relatively

easy and quick to complete.46

Other measures of spasticity are used widely, such as flexor

muscle stretch velocity,47 resistance to passive movement,48,49

range of movement50 and reflex threshold and measurement by

electromyography (EMG).51,52 However, reliability and

agreement between clinical scales varies widely by assessment

and assessor,53 and there are often limitations in their utility

within the realities of clinical practice.

A recent observational cohort study of stroke patients sug-

gested that severe functional impairment (as suggested by high

NIHSS, MRS and low MMSE, BMRC and BI scores) was

associated with a high risk of developing PSS. Although many

studies recommended a variety of clinical predictors for PSS, as

yet there is no confirmation over which offer the most accurate

prediction.15

The MTS considers both the range of motion measured

during slow passive stretch (R2) and the angle of muscle re-

action during fast passive stretch (R1); large and small differ-

ences between R2 and R1 indicate spasticity and muscle

contracture, respectively. The MTS can be time-consuming to

complete, but has tested, more robust validity, although pos-

sesses some similar challenges toMAS regarding reliability.54,55

It is also important to recognise that not every ‘tight’ muscle

is spastic or may lead to spasticity or cause problems with activity

or care even when spasticity is present. A clinically detectable

increase in resistance to passive stretch may be due to spasticity,

rigidity, muscle stiffness or a fixed muscle contracture.26 The

Arm activity measure (ArmA) and Leg activity measure (LegA)

have been developed for this purpose.56-60 ArmA and LegA

help identify when spasticity is impacting on care (passive

function), activity performance (active function) and, for the leg

using the LegA, spasticity-related quality of life. They are

patient- or carer-reported and quick to complete in busy clinical

environments. Both measures were systematically developed

with users and clinical experts and have undergone rigorous

psychometric testing with robust validity and reliability

outcomes.

Recommendation: a standardised method for early identification, such
as the Arm and Leg activity measures, and assessing spasticity should be
embedded in standard clinical routines.

Earlier assessment and prediction of post-stroke spasticity

requires early identification of at-risk patients by healthcare

professionals involved in the care of stroke patients.61 Patients

with post-stroke complications tend to reside in secondary care

for longer, presenting a significant opportunity for rehabilita-

tion. Unfortunately, referral rates from both sub-acute care and

rehabilitation services are generally low due to a paucity of

understanding, low prioritisation of post-stroke spasticity and

limitations in service provision. Understanding the predictive

factors for spasticity is beneficial for patients requiring clinical

intervention and is associated with improved long-term

outcomes.62

A system to aid this has been developed, categorising in-

dividuals into 3 levels of risk. These levels of risk are termed

‘traffic light’ categories and are graded low, medium and high

risk (Figure 1).63

Low risk patients should be monitored periodically if they

have persistent dexterity problems in the absence of increased

tone and re-evaluated after 3–6 months.

Medium risk patients present with moderately increased

muscle stiffness at 1–14 days post-stroke (MAS score ≥ 146),

left-sided weakness or paresis, involuntary muscle contractions,

reduced sensitivity on one side of the body at 1–5 days post-

stroke, left-sided visual inattention or extensive lesions in

various areas, as seen on CT and/or MRI scan.61,64-68 Younger

age at time of a stroke may also be considered a medium risk

factor for spasticity development.25 Medium risk patients

should be referred to the multidisciplinary team for assessment.

If the symptoms do not resolve or are not possible to manage,

they should be referred to a spasticity specialist to determine

whether intervention is required.34

Patients at high risk of spasticity present with weakness,

especially of the upper limb; problems with dexterity that cause

difficulties with daily living, particularly issues with finger dex-

terity; markedly increased muscle stiffness in 1 joint (MAS score

≥ 246) or moderately increased muscle stiffness in ≥2 joints at 4–

12 weeks post-stroke or reduced sensorimotor function at 3 days,

10 days and 4 weeks post-stroke.25,61 High risk patients with

muscle stiffness should be directly referred to a spasticity specialist

and immediately assessed for physiotherapy assessment.

Recommendation: patients should bemonitored according to their risk of
spasticity; a post-stroke spasticity ‘traffic light’ risk system has been
developed to aid this (Figure 1).63

For the purposes of the traffic light model, low or ‘green’ risk

patients have a lower-ranked association with spasticity de-

velopment but may still be at some risk – they are not at a

reduced risk of spasticity compared with patients without risk
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factors. A patient’s risk level is determined by their highest

ranked risk factor.

Patients residing in the community or tertiary care centres are

often the most vulnerable, with reduced access to spasticity

clinics and physiotherapists for long-term monitoring. Such

patients are at high risk of non-management.

Recommendation: use of a tool for assessing and identifying post-stroke
spasticity. For example, the 11-point post-stroke quality of life checklist
developed by the World Stroke Organization (WSO) is an aid to help
stroke patients and healthcare professionals identify changes and
problems in long-term community care patients (Table 2); it is designed to
enable patient discussions with clinicians as part of a regular follow-up
procedure.69

The missing 12th point from the WSO checklist is the

impact of stroke on carers and family. Healthcare professionals

should ensure carers have access to services that will help them

provide the support required for the patient.69

Both patient and carer well-being are interdependent, with

patient anxiety, depressive symptoms, cognitive impairment and

quality of life being significant predictors of carer anxiety and

depressive symptoms at 6 months post-stroke. Thus, early in-

terventions, including increased training and support programmes

that involve patient carers, may lower the risk or impact of

negative quality of life components.70

Referral and Treatment

Early recognition of risk factors and immediate action is critical

for spasticity identification and treatment. The traffic light

classification system is a straightforward tool to prioritise pa-

tients at an increased risk of developing spasticity (Figure 1).63

A patient’s risk level is determined by the highest ranked risk

factor, which should then determine the next steps for referral.

The traffic light risk classification comprises recommenda-

tions from clinical evidence and expertise and recent clinical

guidelines.

Low risk, ‘green’ patients should receive information about

post-stroke spasticity, including symptoms that may develop;

inclusion of relatives and carers in consultations often proves

valuable. They should be provided with contact information in

case development of spasticity is suspected71 and potentially be

referred to a community physiotherapist for appropriate

training.34,71

Figure 1. Post-stroke spasticity risk classification system.63 ∗ Based on the clinical expertise of Dr Rhoda Allison, Dr Ganesh Bavikatte, Professor Philippe

Marque, Associate Professor Barry Rawicki, Dr MariaMatilde deMello Sposito, Dr PaulWinston and Professor JörgWissel. (a)Mildly increasedmuscle stiffness is

a Modified Ashworth Scale (MAS) 1 or +1, while moderately is MAS 2, markedly is MAS 3 and severe is MAS 4∗ (cf Bohannon RW, et al 1987 for more

information).46 (b) Measured using the Fugl-Meyer Upper Extremity Scale37 (cf Fugl-Meyer AR, et al 1975 for more information).73 (c) Muscle contractions may

occur due to spasms, disturbed reciprocal inhibition or spastic dystonia and should be differentiated from contractures. (d)Visual inattention includes hemianopsia,

scotoma or visual neglect. (e) Can be measured with the Barthel Index (low score) and EQ-5D (low score).61

5Bavikatte et al
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Recommendation: in low risk patients, ensure the patient receives

periodic monitoring within the community. If community-based

monitoring is not possible, enable patients and carers to monitor

themselves and self-refer, if required.

Medium risk, ‘amber’ patients should be referred for a

spasticity specialist consultation, ensuring the patient receives

a follow-up appointment once a year with a specialist reha-

bilitation service.34 Provision of once-monthly treatment with

a community physiotherapist is the target for clinical care,34

although this is rarely, if ever, achieved. Thus, patient or carer

self-referral and identification may be a more pragmatic

approach.

Recommendation: arrange regular primary care follow-up to

monitor for spasticity development;72 patients should be

reviewed at 6 weeks and then regular follow-up should

occur within the first 6 months post-stroke. Physiotherapy

should be initiated and multidisciplinary team consulted for

advice.

High risk, ‘red’ patients should be referred for prompt

evaluation by a spasticity assessor or a rehabilitation centre

specialising in spasticity.71 The rehabilitation centre should

have access to a multidisciplinary team and all available first-

line treatments.34,71

Recommendation: liaise with the spasticity specialist to discuss a
community-based support programme (e.g. weekly stretching under
physiotherapist supervision).34

In practical terms, the traffic light classification system is

suggested for use in both primary and secondary care by cli-

nicians and physiotherapists. It is proposed for identifying

spasticity risk in patients who have experienced a stroke, ideally

within 12 weeks post-stroke, and should be used at regular

follow-up visits.

Considerations
Spasticity is a physiological consequence of neurological injury,

potentially causing profound disability in combination with

other features of an upper motor neurone syndrome and sig-

nificantly affecting the process of rehabilitation. Spasticity is

often associated with restrictions in activity and care.26

Optimum management is dependent on an awareness of

the natural history of spasticity, an appreciation of the impact

on patients and a comprehensive approach to minimise that

impact.26

Local commissioning organisations should ensure that the

whole stroke pathway is delineated. A joined-up approach to the

pathway is recommended to ensure continuity of patient care,

which incorporates management of spasticity. Early identifi-

cation of spasticity predictors is essential within the acute post-

stroke care setting to enable early rehabilitation, supported

discharge and secondary prevention referrals. Nonetheless, even

when patients are identified and managed early, spasticity re-

quires long-term community-based care and review, for both

the patient and carer.

Patients will encounter various healthcare professionals

during their care and rehabilitation, with varying levels of ex-

pertise and understanding of the needs of spasticity. Thus, we

consider that a standardised method of assessing spasticity is

highly desirable, ensuring a consistent level of assessment,

referral and follow-up. Currently, spasticity management and

continuity of care has little clinical ownership, lending to a

general lack of accountability for any delay in action or

treatment.

Management of patients with post-stroke spasticity is more

effective when performed in a multidisciplinary setting, espe-

cially when there is clear communication and education between

patients, carers and healthcare providers. It should be high-

lighted that spasticity responds well to treatment, dependent on

the form and therapy applied.

Oral antispasmodic medications such as baclofen, tizanidine

and dantrolene provide a systemic effect for generalised spas-

ticity. They are most useful for more widespread spasticity of

modest severity, but maximal efficacy may be limited by se-

dation, muscle weakness or liver toxicity.30 Regional spasticity

responds well to intrathecal medication, while focal spasticity

has demonstrated benefits following intramuscular injections of

botulinum toxin therapy.32

Conclusions
In conclusion, early prediction of post-stroke spasticity will

prioritise at-risk patients for assessment and management.

Early identification and treatment should be embedded in

clinical routines. The proposed traffic light system for iden-

tifying patients at an increased risk of spasticity will enable

early and consistent management while offering simple and

straightforward criteria for referral to specialist spasticity

services.

Table 2. WSO post-stroke checklist.69

1. Secondary stroke prevention

2. Activities of daily living

3. Mobility

4. Spasticity

5. Pain

6. Incontinence

7. Communication

8. Relationship with family

9. Mood

10. Cognition/thinking

11. Life after stroke
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