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• This chapter provides a brief overview of a framework for the treatment of spas-
ticity and muscle stiffness in the context of the overall rehabilitation plan for 
patients with spastic paresis. A key aspect of any treatment of spasticity and 
muscle stiffness is to restore mobility and function as early as possible, and to the 
greatest extent possible, to mitigate the negative effects of weakness, immobility, 
and inactivity.

• Central to the framework is a comprehensive evaluation including a patient- 
centered history and physical examination, as well as a five-step assessment 
which incorporates upper and lower limb functional ability, passive range of 
motion, and active range of motion with repetition of movement.

• The purpose of the assessment is to set collaborative patient-centered goals for 
treatment and to evaluate the treatment response in a consistent and repeatable 
manner. The history and physical should enable the assessment of medical con-
ditions exacerbating spasticity that must be treated first and include body dia-
grams to determine the degree to which the symptoms are generalized or focal 
for appropriate selection of treatment(s).

New frameworks are like climbing a mountain - the larger view encompasses rather than 
rejects the more restricted view.

– Albert Einstein, 1879–1955.
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• The assessment can aid in distinguishing between generalized hyperexcitability 
amenable to intervention with oral spasmolytics and intrathecal baclofen in 
severe cases, predominantly neural muscle overactivity that can be treated with 
focal neurolysis and/or chemodenervation using botulinum toxins, and predomi-
nantly non-neural muscle shortening that can be treated with focal pharmaco-
logic release using hyaluronidase injections.

 Introduction

Damage to the central nervous system (CNS) leads to negative symptoms such as 
weakness and loss of selective control of muscles, limb segments, and finger dexter-
ity [1]. In addition, positive symptoms of hyperreflexia and spasticity are hallmarks 
of the movement dysfunction [2]. The co-existence of weakness and spasticity make 
the syndrome of spastic paresis particularly challenging to treat as the treatment of 
the positive symptoms can exacerbate the negative symptoms [3, 4].

Weakness, immobility, and inactivity affect several organ systems adversely, 
including the skin, vascular, and musculoskeletal systems [5], and individuals with 
spasticity are not protected from these adverse effects [6–8]. Immobility and inac-
tivity produce secondary musculoskeletal changes including muscle atrophy, fatty 
infiltration, weakness, osteoporosis, muscle stiffness, and contractures through 
complex biophysical and endocrine interactions [9]. Furthermore, the degree to 
which patients are mobile influences decision-making about how to treat spasticity 
and the ensuing spastic movement disorder as discussed in Chap. 2. In turn, spastic-
ity and muscle stiffness contribute to persistent motor dysfunction and impaired 
motor control [10]. Early mobilization after neurological stability has been found to 
be beneficial in promoting motor recovery, for example, after stroke [11, 12]. Even 
individuals who are severely impaired and in the chronic stage poststroke benefit 
from frequent therapy provided over long durations [13, 14]. Therefore, to reduce 
the complications related to weakness, immobility, and inactivity, rehabilitation 
therapy is the cornerstone of treatment after CNS injury due to stroke, traumatic 
brain injury, spinal cord injury, cerebral palsy, and multiple sclerosis [7, 8, 15–17].

 Rehabilitation Based on Principles of Motor Learning

The goal of rehabilitation is to restore function which requires recovery of move-
ment and performance to the extent possible. The management of spasticity and/or 
muscle stiffness should thus aim to facilitate the process of rehabilitation, i.e., facili-
tate therapy and caregiving and restore function [18]. Functional training with task- 
specific practice also requires sensory feedback for task-appropriate intra- and 
interlimb coordination [19, 20], which is frequently impaired in individuals with 
spastic movement disorder as discussed in Chap. 2. Individuals with severe motor 
impairment generally demonstrate greater spasticity and/or muscle stiffness [21]. 
However, even in these individuals skill acquisition can be accomplished based on 
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the principles of motor learning using a stepwise logical approach. The focus should 
first be on recovery of the movement components composing functional tasks, such 
as: muscle activation in synergy, then single joint movements in synergy, followed 
by single joint movements out of synergy to restore full isolated movement, first in 
one direction and then using alternating joint movements in both directions, pro-
gressing to task component practice, and then eventually to full functional task prac-
tice [14, 22, 23]. Attempting to engage severely impaired patients in complex 
functional task practice early on invariably leads to the use of compensatory strate-
gies [24], which if reinforced can be detrimental to long-term recovery [25]. 
Therefore, it may not be productive to practice complex functional tasks at the 
beginning of treatment. However, individual movement components, including fin-
ger extension and somatosensory function, have been shown to continue to recover 
over the long term [26, 27]. As isolated movements of the scapula, shoulder, elbow, 
forearm, wrist, fingers, and thumb improve, they can be incorporated into functional 
task components and subsequently into whole task practice. The idea is to practice 
movements that are as close to normal as possible [28], and to gradually increase the 
ability to repeat the movements without compromising movement quality [29–31]. 
It is also important to allow room for variability in practice to enable self-correction 
based on explicit knowledge about the task and sensory feedback [32–37].

Operationalizing motor learning strategies for recovery of movement and skill in 
the context of spasticity and/or muscle stiffness requires setting small accomplish-
able goals, and education of and partnership with patients and their caregivers to 
achieve these goals. Technology can be used to aid this process using the A3E 
framework which stands for Accessibility, Adaptability, Accountability, and 
Engagement [38] (Fig. 8.1). Accessibility encompasses awareness of the benefits of 
rehabilitation, access to the appropriate frequency of visits, intensity of prescribed 
activities, duration of therapy, availability of technological resources needed, and 
affordability of rehabilitation services. Adaptability refers to the ability of 

Engaging

• Technology-assisted interaction should
facilitate personally meaningful goal
directed activities.

• Provide positive feedback to support
interest and progress.

• Provide enjoyable and motivating
interaction.

• Facilitate connection and feeling of
community.

• Clinicians should educate and train the patient,
family members, and caregivers on their role in
rehabilitation and recovery.  

• Provide technology-assisted after hour therapy
while inpatient for self-management of
rehabilitation.

• Facilitate home-based tele-rehabilitation.
• Select simple, low-complexity, easy set-up and 

calibration, user-friendly technology.

• Technology should be tailored to patients’ physical, 
cognitive, and psychosocial ability. 

• Facilitate practice in severely impaired patients.
• Promote progression to next level based on 

improvement.

• Provide age appropriate and interactive options.

• Technology-assisted interaction
should facilitate self-management.

• Monitor performance and provide 
feedback to patient synchronously and 
asynchronously.

• Enhance patient communication with 
providers. 

Accountable

Accessible

A3E 
Framework

Adaptable

Fig. 8.1 The A3E framework for technology-aided rehabilitation can extend rehabilitation ser-
vices beyond conventional care settings. (From Jayasree-Krishnan (2020), with permission)
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technological solutions to serve patients with varying impairment levels in the phys-
ical, cognitive, and psychosocial domains. Accountability refers to patients’ will-
ingness to accept responsibility to continue rehabilitation even when they are not in 
direct contact with the provider, and engagement represents all the efforts that 
patients make during rehabilitation to derive benefit. Regardless of the specific tech-
nology used, a staged stepwise approach should target preservation of muscle length 
and range of motion, muscle strengthening, and functional performance, with fre-
quent evaluation of progress to address any barriers that arise [39]. One example of 
a patient-provider partnership is the use of guided self-rehabilitation contracts 
(GSCs), a diary-based rehabilitation strategy where specific muscles are identified 
for self-stretching. A combination treatment using GSC for stretching and botuli-
num toxin injections for muscle overactivity demonstrated high compliance with 
GSC and improvement in composite active range of motion in adults with chronic 
spastic paresis [40]. In this study, the GSCs did not use any specific technology to 
aid stretching. Also, no direct comparisons were made between treatment with 
injections alone, GSCs alone, and the combined approach. However, the results 
favor the argument that the purpose of pharmacologic and technologic approaches 
in the treatment of spasticity and muscle stiffness should be to facilitate the process 
of rehabilitation beyond the clinic, and that patient education and engagement are 
key aspects in doing so. This study also points to the usefulness of the five-step 
assessment for selection of the appropriate treatment and for post- treatment evalua-
tions as discussed below and detailed in Chap. 3 [41].

 Medical and Pharmacologic Treatment Algorithm

As described above, the first line of treatment for individuals with spasticity and 
muscle stiffness is rehabilitation to restore and maintain movement capability. 
Medical and pharmacologic interventions are an adjunct to facilitate mobility and 
function. Figure  8.2 outlines a medical and pharmacologic treatment algorithm. 
Central to the algorithm is evaluation of the patient by a careful history and physical 
examination and the  setting of  collaborative patient-centered SMART (specific, 
measurable, achievable, relevant, and timely) goals based on the patient’s experi-
ence of their symptoms and limitations [42].

 The Patient’s Experience

It is important to understand the patient’s experience of spasticity and muscle stiff-
ness as it has been shown to differ from the clinician’s assessment [43–46]. For 
example, the vocabulary used to describe the symptoms of ‘muscle tightness’ by 
patients includes words such as ‘tight’, ‘stiff’, ‘sore’, and ‘tender’. Patients may use 
metaphorical descriptors such as ‘rock feeling’, ‘Charlie horse’, and ‘locked feel-
ing’ that contain pain and sensory experiences. On the other hand, clinicians may 
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Patient presents with spasticity and/or muscle stiffness as a result of spastic paresis from CNS injury

Evaluate patient – medical history and physical, five-step assessment, 
set patient-centered goals collaboratively

Is there a medical condition 
exacerbating spasticity?

Are the symptoms 
generalized?

Treat underlying 
medical conditiona

Treat with oral spasmolytics
& assess responseb

Assess Response

Is there a focal  
musculoskeletal problem?

Consider intrathecal 
baclofenc

Is muscle overactivity 
predominant?

YES

Consider neurolysis and/or
chemodenervation with 

botulinum toxinsd

Is there limited response despite 
compliance and maximal treatment? 

YES

YES

NO

Consider 
pharmacologic release 

with hyaluronidasee

NO

NOIs muscle shortening
predominant?

YES

A
ssess R

esponse

YES

Fig. 8.2 Medical and pharmacologic algorithm for clinical decision-making regarding treatment. 
CNS central nervous system; asee Chap. 9; bsee Chap. 10; csee Chap. 11; dsee Chap. 12; esee 
Chap. 13

describe muscle tightness from a functional perspective using words such as 
‘restricted range of motion’, ‘contracted muscles’, ‘soreness’, and ‘fibrous band’ 
which contain few descriptors of pain and sensory input. Overlapping vocabulary 
across patients and clinicians includes words such as ‘stiffness’, ‘inflexible’, 
‘spasm’, ‘tingling’, ‘knots’, ‘hard’, and ‘movement restrictions’ [47]. Understanding 
the symptoms from the patient’s perspective can enable appropriate goal setting, 
shared decision-making, and a successful response to treatment. A body diagram 
(Fig.  8.3) may assist in determining whether the symptoms are generalized or 
localized.

The medical history and physical should also include a thorough review of sys-
tems to determine whether a medical condition, such as a pressure sore, urinary tract 
infection, or constipation could be exacerbating spasticity and need to be treated 
first. Chapter 9 provides details on the medical exacerbation of spasticity and its 
treatment.

Many patients with spasticity, for example those with multiple sclerosis, may 
have multiple co-morbidities and interrelated symptoms such as fatigue, pain, and 
difficulty sleeping that may have to be assessed carefully to develop an individual-
ized treatment strategy [48, 49]. It is also critical to reconcile medications as a sud-
den change in dose or frequency of spasmolytics can lead to symptoms of withdrawal 
and exacerbation of spasticity, as detailed in Chap. 10. Patients may also use non- 
medicinal cannabinoids via various routes such as smoking, vaping, topicals, tinc-
tures and oils, and/or edibles, including foods, chocolate, and candy that may 
influence their symptoms and their treatment [50].
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Fig. 8.3 A body diagram can be used to indicate areas of pain, discomfort, tightness or restriction 
to determine the degree to which the symptoms are generalized or localized for appropriate goal 
setting, shared decision-making, and assessment of treatment response. A blank body diagram is 
provided here as an example for the patient to fill out
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 Spasticity Versus Muscle Stiffness

Since the syndrome of spastic paresis consists of both neural and non-neural com-
ponents as detailed in Chaps. 1, 2, 3, 4, 5, 6 and 7 in Part I of this book, accurate 
identification of the dominant component can assist with effective treatment. 
Spasticity is a neural phenomenon which can have both generalized manifestations 
such as hyperexcitability to sensory stimuli, exaggerated stretch reflexes, muscle 
spasms, and clonus, as well as focal manifestations such as overactivity of the 
antagonist muscle and/or hypoactivity of the agonist muscle across a joint, which 
together limit active movement. In contrast, muscle stiffness is a non- neural conse-
quence of spasticity characterized by loss of extensibility of the muscle tissue due 
to increased muscle viscosity, which if untreated can eventually lead to contracture 
as detailed in Chap. 6. The affected muscles become physically shortened and 
demonstrate increased resistance to both active and passive movement [51], often 
producing deforming after-effects that are  described in Chap. 7. Distinguishing 
between symptoms related predominantly to spasticity versus those related pre-
dominantly to muscle stiffness can be helpful to optimize focal treatment.

 The Five-Step Assessment

Traditionally, the Modified Ashworth Scale (MAS) has been used to assess spasticity 
at the bedside and in the clinic. Although widely used, the MAS is limited in both 
inter- and intra-rater reliability, and cannot differentiate between the neural and non- 
neural components underlying the movement limitation, as demonstrated in Chap. 4. 
The five-step clinical assessment proposed by Gracies et al. is a comprehensive assess-
ment that incorporates functional assessments as well as the Tardieu test and attempts 
to distinguish between predominantly neural and non-neural focal components con-
tributing to the functional limitation [41]. Step 1 assesses function using a standard test 
such as the 10 m walk test for the lower limb or the Modified Frenchay Scale for the 
upper limb. Steps 2 and 3 assess passive range of motion at slow and fast speeds to 
differentiate between muscle shortening/stiffness (non-neural resistance at slow speed, 
XV1) and spasticity (neural resistance at fast speed, XV3) relative to the expected total 
range of motion at a given joint (XN). Steps 4 and 5 assess maximal active range of 
motion, XA (due to neural weakness), and the decrement in range of motion with rep-
etition XR (due to fatigability and/or mild non-neural resistance). Coefficients of 
impairment can be derived based on these measurements to provide clinical guidance 
regarding treatment as detailed in Chap. 3 and summarized in Table 8.1.

Although these coefficients are theoretically derived, they provide a means to test 
the effect of specific treatments on the various coefficients of impairment. For example, 
the baseline coefficient of shortening was used to create a guided self- stretching pro-
gram that resulted in increased passive range of motion in the stretched versus non-
stretched muscles and increased ambulation speed [52]. However, there are a few 
caveats to bear in mind with the five-step assessment in the context of the quantitative 
data presented in Chap. 4. For example, the speed of elbow joint rotation did not clearly 
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Table 8.1 Coefficients of impairment derived from the five-step assessment, their interpretation, 
and implications for treatment

Coefficient of 
impairment Interpretation Treatment implication
Coefficient of 
shortening

Represents greater limitation in 
passive range of motion at slow 
speed suggesting non-neural 
passive resistance

Consider stretching, pharmacologic 
release of shortened/ stiff muscles, or 
surgical release in case of contracture

Coefficient of 
spasticity

Represents greater limitation in 
passive range of motion at fast 
speed likely due to neural muscle 
overactivity

Consider nerve (phenol or alcohol) or 
muscle (botulinum toxin) blocks to 
overactive muscles

Coefficient of 
weakness

Represents reduced active range of 
motion due to weakness

Consider strengthening using 
rehabilitation therapy and/or electrical 
stimulation

Coefficient of 
fatigability

Represents movement fatigability 
due to a combination of weakness 
and mild non-neural resistance

Consider combination treatment to 
strengthen appropriate muscle groups 
and reduce resistance/ stiffness by 
pharmacologic release

distinguish between passive resistance arising from neurally driven EMG overactivity 
versus non-neural stiffness associated with a minimal EMG response (see Chap. 4). 
This may make it difficult to differentiate between the coefficients of shortening and 
spasticity. In fact, patients who showed an EMG response showed a decreased catch 
angle as a function of joint rotation speed (i.e., the catch angle became smaller indicat-
ing greater extension with increasing speed of joint rotation), which is contrary to what 
is expected with spasticity. The acquisition of EMG signals along with joint motion 
data may provide a better understanding of the origins of the perceived resistance as 
demonstrated in Chap. 7, although it is highly likely that both neurally driven muscle 
overactivity and non- neural muscle stiffness coexist in most patients as they reinforce 
each other as explained in Chap. 6. Hence, consistent and periodic assessments of the 
response to treatment using objective measurements of function and active and passive 
range of motion may be the most practical manner of delineating neural and non-neural 
contributions to the movement restriction, and planning the next course of treatment in 
a staged manner. Diagnostic short-acting local anesthetic nerve blocks can also be a 
valuable screening tool in deciding whether to treat with longer-acting nerve blocks or 
botulinum toxin injections [53, 54]. New guidelines for the use of these agents in the 
treatment of spasticity have recently been released [55].

 Generalized and Focal Treatments

Should the patient’s symptoms be generalized, treatment may be initiated with oral 
spasmolytics individually or in combination. Chapter 10 details the various classes 
of medication, their mechanisms of action, clinical use, dosing and pharmacology, 
side-effect profile, and case studies to highlight salient aspects of treatment. Should 
symptoms remain generalized and severe despite compliance with maximal oral 
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treatment, intrathecal baclofen may be considered. Chapter 11 details the compo-
nents of intrathecal baclofen therapy, patient selection, the advantages, and disad-
vantages of the treatment, as well as the intrathecal baclofen trial, pump implantation, 
maintenance, troubleshooting, and pump explantation. Generalized treatments 
alone may be insufficient if there are focal musculoskeletal symptoms that contrib-
ute to discomfort and/or dysfunction, such as those described in Chap. 7.

If symptoms are localized to specific limb(s) or muscle group(s), it is helpful to 
ask if the symptoms can be attributed predominantly to muscle overactivity or to 
muscle shortening using the five-step assessment or its equivalent, measurement of 
EMG and resistance using instrumented tools, and/or screening using short-acting 
local anesthetics. Although these may be difficult to do precisely for several reasons 
discussed above, a consistent set of assessments will be most helpful to test the treat-
ment hypothesis. If muscle overactivity is found to be a key driver of the focal symp-
toms, the treating clinician must decide if treatment-induced focal muscle weakness 
could potentially exacerbate the dysfunction as outlined in Chap. 2. Here, collabora-
tive patient-centered decision-making may be helpful [42]. Partial nerve blocks using 
phenol or alcohol and/or chemodenervation using botulinum toxin injections to par-
tially weaken overactive muscles may be appropriate. Details on the use of neuroly-
sis using phenol and alcohol and newer techniques are outside the scope of this book, 
although the reader is referred to several pertinent sources [56–62]. Chapter 12 pro-
vides details on the use and guidelines for botulinum toxin injections.

Muscle shortening can be caused by immobility and inactivity, but also by mus-
cle overactivity as discussed in detail in Chap. 6. Pharmacologic release of short-
ened stiff muscles using hyaluronidase injections is a new tool that shows promise 
in increasing passive and active range of motion in the upper limb [63, 64]. Chapter 
13 provides details on the selection of patients and the available evidence using this 
new tool. Here, the treating clinician must decide if the muscle shortening is revers-
ible. Should the patient already have irreversible contracture, referral for surgical 
treatment with or without serial casting in combination with other focal treatments 
may be warranted [65, 66].

 Emerging Non-Pharmacologic Treatments

As our understanding of the neural basis and pathophysiology of spasticity and its 
consequences such as muscle stiffness and contracture continue to evolve, new treat-
ments are likely to emerge. Chapter 14 discusses the many potentially promising 
emerging non-pharmacologic treatments available. These include peripheral electri-
cal stimulation at the level of the skin (transcutaneous electrical nerve stimulation, 
TENS) and muscle (neuromuscular electrical stimulation, NMES; functional electri-
cal stimulation, FES; breathing-controlled electrical stimulation, BreEStim), spinal 
cord stimulation (SCS), transcranial direct current stimulation (tDCS), transcranial 
magnetic stimulation (TMS), acupuncture, whole body vibration, and extracorporeal 
shockwave therapy, which have been studied in various populations such as stroke, 
spinal cord injury, multiple sclerosis, and cerebral palsy.
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 Conclusion

A key aspect of the framework for the treatment of spasticity and/or muscle stiffness 
from CNS injury is the stepwise restoration of movement and function to mitigate 
the negative effects of weakness, immobility, and inactivity. This requires a compre-
hensive evaluation including a patient-centered history and physical examination, as 
well as a five-step assessment which incorporates upper and lower limb functional 
ability, passive range of motion, and active range of motion with repetition of move-
ment to determine the degree to which the symptoms are generalized or focal for 
appropriate selection of treatment(s). The evaluation may help distinguish between 
neural muscle overactivity versus non-neural muscle shortening for clinical 
decision- making about focal treatment with chemodenervation using neurolytic 
agents and botulinum toxins versus pharmacologic release with hyaluronidase 
injections, and assess the treatment response in a consistent and repeatable manner.
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