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ABSTRACT: Background: Spasticity is a common
feature in patients with disruptions in corticospinal
pathways. However, the term is used ambiguously.
Here, spasticity is defined as enhanced velocity-
dependent stretch reflexes and placed within the con-
text of deforming spastic paresis encompassing other
forms of muscle overactivity.

Objective: This scoping review aims at evaluating the
clinimetric quality of clinical outcome assessments
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(COAs) for spasticity across different pathologies and to
make recommendations for their use.

Methods: A literature search was conducted to identify
COAs used to assess spasticity. An international expert
panel evaluated the measurement properties in the
included COAs. Recommendations were based on the
MDS-COA program methodology based on three criteria:
if the COA was (1) applied to patients with spastic pare-
sis, (2) used by others beyond the developers, and (3)
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determined to be reliable, valid, and sensitive to change
in patients with spasticity.

Results: We identified 72 COAs of which 17 clinician-
reported outcomes (ClinROs) and 6 patient-reported out-
comes (PROs) were reviewed. The Tardieu Scale was the
only ClinRO recommended for assessing spasticity. One
ClinRO—Composite Spasticity Index—and two PROs—
Spasticity 0-10 Numeric Rating Scale and 88-Item Multiple
Sclerosis Spasticity Scale—were recommended with
caveats. The Ashworth-derived COAs were excluded after
evaluation due to their focus on muscle tone rather than
spasticity, as defined in this review.

o

r CLINICAL OUTCOME ASSESSMENTS FOR SPASTICITY

Conclusions: The Tardieu Scale is recommended for
assessing spasticity, and two PROs are recommended
with caveats. Consistent terminology about the various
types of muscle overactivity is necessary to facilitate
their assessment and treatment. © 2024 The Author(s).
Movement Disorders published by Wiley Periodicals LLC
on behalf of International Parkinson and Movement Dis-
order Society.

Key Words: muscle spasticity; spastic paresis; muscle
overactivity; muscle hypertonia; rating scales; psycho-
metrics; review
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Spasticity is seen in patients with subacute or chronic
disruption of the central execution of motor command
involving corticospinal pathways."* However, the use
of the term spasticity is equivocal in the vast amount of
literature on this topic® ranging from an understanding
of spasticity simply as a phenomenon of increased resis-
tance to passive stretch, whichever the mechanisms of
the resistance, that is, muscle tone,*” to a specific type
of muscle overactivity related to hyperexcitability of the
velocity-dependent stretch reflexes, which characterizes
the syndrome of spastic paresis."”* In parallel, an expa-
nsion of the concept of spasticity has been proposed,
defining it as a disorder of sensorimotor control man-
ifesting as any intermittent or sustained involuntary
activation of muscles of neurogenic origin.® Following
Lance’ and, more recently, Gracies,” Li,'® and the
recent viewpoint by the International Parkinson and
Movement Disorder Society (MDS) Spasticity Study
Group,'" the definition of spasticity used in this review
is an enhancement of velocity-dependent stretch
reflexes. From the phenomenological perspective rele-
vant to clinicians, this particular definition distinguishes
spasticity from other types of muscle overactivity pre-
sent in patients with deforming spastic paresis (eg, spas-
tic dystonia and spastic cocontraction®) or from types
of muscle overactivity encountered in other neurologi-
cal conditions (eg, tremors or rigidity classifiable as
“spasticity” based on less specific definitions®). This def-
inition integrates spasticity into the broader concept of
deforming spastic paresis involving spastic myopathy,’
a term used to describe the muscle disorder present in
these patients, and a neurologic disorder comprising
stretch-sensitive paresis (ie, decreased access of the cen-
tral command to the agonist motoneuron, aggravated
by antagonist stretch) and three main types of muscle
overactivity (defined as increased involuntary motor
unit recruitment): spastic dystonia (chronic tonic muscle
activation at rest), spastic cocontraction (involuntary
antagonist muscle activation during an agonist-directed
voluntary effort), and spasticity (Table 1).* Such fram-
ing clears the way for a balanced evaluation of

spasticity: per se, its disabling level is low (with the pos-
sible exception of fast, ballistic movements), and it has
no deforming capacity, but it can serve as a useful clini-
cal parameter quantifiable at the bedside, which may be
correlated with more disabling forms of spastic muscle
overactivity because they may all partially reflect both
enhanced motoneuronal excitability and spindle
responsiveness.” Of course, such an evaluation requires
a valid, reliable, and easy-to-use clinical assessment out-
come (COA).

However, the reality of the commonly used “spastic-
ity” COAs parallels the term’s ambiguity. Currently,
the most widely used assessment tool is the Ashworth
Scale (AS) or its modified version (MAS), which rather
quantifies general resistance to passive stretch at rest
(ie, muscle tone®”'?) velocity-dependence of the
stretch-reflexes.®131” Nevertheless, it has often been
considered the gold standard of “spasticity” assessment,
particularly by regulatory agencies, which has confused
several spasticity-related fields, especially when aiming
to validate pharmacological, (neuro)surgical, and reha-
bilitation treatments. Thus, the main goals of this
review were to evaluate COAs aiming to assess spastic-
ity, to critically appraise them from the viewpoint of
the concept of deforming spastic paresis, and to make
recommendations regarding their use based on highly
standardized MDS COA methodology.

Methods

Organization and Review Process

The MDS COA Scientific Evaluation Committee
(COA-SEC) invited R.J. to form and chair an interna-
tional group of experts on spasticity to perform a scop-
ing review of COAs assessing spasticity across different
pathologies. Based on the number of COAs identified,
11 specialists in spasticity were invited to participate.
These experts included neurologists, physiatrists, phys-
iotherapists, and clinimetricians from Europe, Asia, and
the Americas. Two panel members evaluated each COA
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TABLE 1 Terminology table: for further details, see Baude et al.”

Term Definition

(Deforming) Spastic paresis Clinical syndrome caused by
lesions involving
corticospinal pathways,
comprising spastic myopathy,
stretch-sensitive paresis, and
muscle overactivity.

Evolving muscle disorder
following immobilization in
short or neutral position in

Spastic myopathy

the context of spastic paresis,
clinically manifested by
hypo-extensibility, then
deformity.

Stretch-sensitive paresis Decreased access of the central
command to the agonist
motoneuron, aggravated by

antagonist stretch.

Increased involuntary motor
unit recruitment.

Muscle overactivity

—Spastic dystonia Chronic tonic muscle activation
at rest, in the absence of
phasic stretch or voluntary
effort; sensitive to the degree

of tonic stretch.

—Spastic cocontraction Involuntary antagonist muscle
activation during agonist-
directed voluntary effort,
regardless of any phasic
stretch imposed on the
antagonist; sensitive to the

degree of tonic stretch.

—Spasticity Enhancement of velocity-

dependent stretch reflexes.

independently, and potential discrepancies were
resolved by O.G. and C.R.-B., who also reviewed their
methodology. Data were entered into a template pro-
vided by the MDS-COA-SEC and adapted for this
review (see Appendix S1). Information on each COA
included its description, use, measurement properties,
and overall impression for its use in patients with spas-
tic paresis.

Literature Search

The methodology for this scoping review was based
on a previously published methodology for critical
appraisal and recommendation of COA by the MDS-
COA program.'® A literature search was performed
using MEDLINE and Scopus for all publications from
inception to December 2023. Keywords used in the sea-
rch included the truncate terms “spastic*” OR

“hyperton®*” OR “tone*” as well as the terms “index”
OR “measure” OR “questionnaire” OR “assessment”
OR “scale.” Only published or in-press peer-reviewed
articles and relevant conference abstracts containing
information on measurement property data (ie, validity,
reliability, and responsiveness) were used (Fig. 1).

COA Selection

COAs that were used at least once in a sample of
patients with spastic paresis (eg, after stroke, multiple scle-
rosis, brain trauma) were included only if they were
clinician-reported outcome (ClinRO) or patient-reported
outcome (PRO) measures designed to assess spasticity. A
COA was qualified based on its stated intention to assess
spasticity, its use of the term “spasticity,” or its common
application in clinical practice or research (eg, the
Ashworth scales).

For PROs, however, strict compliance with the defini-
tion of spasticity posed challenges as patients may not
report changes in their stretch reflexes. Instead, they
often interpret “spasticity” as a combination of various
forms of muscle overactivity or disorders, including
spastic dystonia and spastic myopathy. Because these
symptoms are interrelated, the authors decided to
include them in the review with revised recommenda-
tion levels, as detailed in the subsequent section.

For composite COAs covering multiple constructs,
some components had to focus on spasticity to be
included. Electrophysiological assessments and assess-
ments using technical devices were excluded. However,
they were used for the assessment of validity of the
selected COAs (see below). Additionally, COAs were
excluded if they were unavailable in English; did not
aim to measure spasticity but focused on other
spasticity-related domains such as pain, function, or
QoL; were used only in animals; were unpublished,
or completely lacked data on their measurement prop-
erties. Although the Wartenberg Pendulum Test lacked
measurement property data, it was reviewed for its use
in clinical practice.

Evaluation of Measurement Properties

When the COA measurement properties were
assessed, the following general criteria were used. As
for reliability, we followed a strict approach to dis-
tinguishing test-retest from intra-rater reliability. The
latter is the agreement between repeated observations
within the same test session, typically using a videotape.
On the contrary, the former involves the agreement
between repeated observations across separate test ses-
sions, always considering intra-rater error.'” The
intraclass correlation coefficient (ICC) and the kappa
index were standard reliability assessment methods.
The values >0.7 for ICC and >0.6 for kappa indicated
good reliability.>%-*!
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Search: MEDLINE and Scopus

!

Key words:
((("spastic*"[Title] OR "hyperton*"[Title] OR
"tone*"[Title]) AND ("index"[Title] OR
"measure"[Title] OR "questionnaire"[Title] OR
"assessment"[Title] OR "scale"[Title])) AND
(English[Language]))

Publication year: inception to December 2023

A 4

Identified articles: 545

ASSESSMENTS

FOR SPASTICITY

v

v

Inclusion criteria:

* Clinician-reported outcome (ClinRO) or
Patient-reported outcome (PRO)
designed/used to assess spasticity

* Used at least once in a sample of
patients with spastic paresis

l

COAs included based on literature search:
13 ClinROs / 6 PROs

Exclusion criteria:

Does not measure spasticity but some other
spasticity-related domain (e.g., pain, function or

Qol)

Electrophysiological assessment and/or device
Notin English

Animal scales

Scale itself not published, only studies reporting

on the scale were found
No data on measurement properties

\4

Additional COAs included based on
previous reviews/literature/clinical use:
5 ClinROs
(3HM, ATRS, TRS/NINDS MRS, MoAS, WPT)

\ 4
Reviewed COAs:

A\ 4

Excluded COAs: 52

Excluded after reviewing: 4

18 ClinROs / 6 PROs
and their variants

A 4

Recommended COAs:

1 ClinRO (TS)
COAs recommended with caveats:
1ClinRO (CSI)
2 PROs (S-NRS, MSSS-88)
Suggested COAs:
9 ClinROs (ATRS, ASAS, DET, HAT, MTS,
SCATS, TRS, NINDS MRS, TSS)
1 PRO (PSFS)
Listed COAs:
9 ClinROs (3HM, APTS, MCS, M-CSI, RET,
SPAT, TAS, VDMS, WPT)
2 PROs (LSS, SI-ALS)

(FMA, MoAS, FLACCS, AS
and their variants)

A\ 4

FIG. 1. Flow diagram: Search results, study selection, inclusion process, and recommendation levels. [Color figure can be viewed at

wileyonlinelibrary.com]

Criterion validity was assessed by evaluating a corre-
lation of COAs with objective measurements, such as
various electromyography (EMQG) variables.

Correlations with related COAs were categorized as
convergent or divergent construct validity. Content
validity, that is, the extent to which a measure covers
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the important parts of the domain to be measured, and,
when available, criterion validity were emphasized in
the validity section of the evaluation template, as they
had the most impact on the overall assessment.

For responsiveness, the reviewers focused on spe-
cific statistics outlined by Husted et al,** including
effect sizes for internal responsiveness, correlation of
change analyses, and regression models for external
responsiveness.

Recommendation Levels

Using the standardized MDS-COA program appraisal
scheme, a ClinRO was “recommended” if all of the fol-
lowing requirements were met': it was applied to
patients with spastic paresis,” there were data on its use
beyond the developers, and® it was found to be reliable,
valid, and sensitive to change in patients with spasticity.
It was “recommended with caveats” if it met these
criteria but with some limitations, for example, in low
number of studies, in studies with small sample size,
and limited statistics. (the reasoning for each individual
COA is in Appendix S1). It was “suggested” if' it was
applied to populations with spastic paresis and only
one of the other two criteria applied. It was “listed” if it
was used in samples with spastic paresis, but none of
the other criteria was met. In the case of PROs, the
same criteria were used. Still, it could only reach the
“recommended with caveats” level as the construct
assessed did not fully correspond to the strict definition
of spasticity.

Results

Identified COAs and their Use in Clinical
Research

The original search identified 545 papers reporting
on 76 COAs. Of these, 52 were excluded because they
did not meet inclusion criteria or were identified as vari-
ants of a single scale. A total of 18 ClinROs and 6 PROs
(and their variants) were included for evaluation and
are listed in Tables 2 and 3.

After the evaluation process, the Motor Assessment
Scale (MoAS),”® Fugl-Meyer Assessment (FMA),** the
Face, Legs, Activity, Cry and Consolability Scale
(FLACC),> AS,'? and their variants were excluded
because they either have an unclear construct (MoAS)
or focus on different constructs: impairment and recov-
ery in the case of the FMA, pain in the case of the
FLACC, and muscle tone in the case of the Ashworth
COAs (Fig. 1).

Only the Tardieu Scale (TS)*® met the criteria for
“recommended.” One ClinRO and two PROs were rec-
ommended with caveats: the Composite Spasticity
Index,?” Spasticity 0-10 Numeric Rating Scale,”® and
88-Item Multiple Sclerosis Spasticity Scale.*’

Nine ClinROs and one PRO were “suggested”: the
Adductor Tone Rating Scale,’® Australian Spasticity
Assessment Scale,’’ Duncan-Ely Test,>* Hypertonia
Assessment Tool,** Modified Tardieu Scale,>**> Spinal
Cord Assessment Tool for Spastic Reflexes,’® Tendon
Reflex Scale,®” National Institute of Neurological Dis-
orders and Stroke Myotatic Reflex Scale,® Triple Spas-
ticity Scale,’” and Penn Spasm Frequency Scale.*’

Nine ClinROs and two PROs were “listed”: 3-item
Hypertonus Measure,*’ Ankle Plantarflexors Tone
Scale,** Mayo Clinic Scale,*> Modified Composite
Spasticity Index,** Root-Ely Test,*> Spasticity Test,*®
Tone Assessment Scale,*” Velocity Dependent Measure
of Spasticity,* Wartenberg Pendulum Test,”” Leeds
Spasticity Scale,’® and Spasticity Index-Amyotrophic
Lateral Sclerosis (Tables 4 and 5).°!

Appendix S1 contains a detailed description of all the
reviewed COAs.

Recommended COAs
Tardieu Scale

Description. The Tardieu Scale (TS) measures the
threshold of muscle reaction to stretch at slow and fast
speeds, using two angular values: Xy for the angle of
arrest at a slow speed of stretch and Xy ;3 for the angle
of catch at a fast speed of stretch, to yield the spasticity
angle X = Xy{-Xy3. In addition, one ordinal value
(spasticity grade or Y) indicates the presence or absence
of a catch or (in)fatigable clonus.?® Several variables
may be derived from these, including the spasticity and
shortening coefficients.'> For the construct assessed,
the Xy value primarily reflects histological muscle
damage leading to muscle hypo-extensibility and short-
ening and partly spastic dystonia. In contrast, the Xy3
value primarily reflects spasticity as the enhancement of
velocity-dependent stretch reflexes alongside spastic
dystonia and muscle shortening.’*->*

A modified version of the TS exists, the Modified
Tardieu Scale (MTS).>**> However, it is less reliable in
terms of test-retest and inter-rater reliability and was
thus only classified as suggested in this review. Also,
several instrumented versions exist (see Appendix S1),
which were not assessed due to the clinical nature of
this review.

The TS is publicly available for free in English and
French. In general, the administration of the TS is brief
(less than 1 minute for one muscle/muscle group).
However, the assessment duration depends on the num-
ber of muscles/muscle groups tested and the rater’s
experience, affecting the COA reliability.’>>” Some
parts of the assessment are standardized.’”*%" How-
ever, a complete guideline for testing all muscles/muscle
groups has not been published. The TS has been used
by many groups worldwide in a broad spectrum of
patients with spastic paresis.
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CLINICAL

TABLE 4 Continued

Major caveats and
clinimetric limitations of

Used beyond Recommendation

original developers

Sensitivity to

the scales

level

Validity change

Reliability

Scale

» Lack of clear construct with

Excluded after

Yes

Inconclusive for motor

Good for items 1-8 Good for motor

Motor Assessment

respect to spasticity in item 9

(general tone).
* No instructions for item 9

evaluation for
spasticity

function (items 1-8)

function (items 1-8)
Not assessed for item 9  Not assessed for item 9

Not good for item 9

Scale (MoAS)

(general tonus)

(general tonus)

(general tonus)

(general tone)

* Incomplete clinimetric data
for item 9 (general tone)

OUTCOME ASSESSMENTS FOR SPASTICITY

Measurement properties. The reliability of the TS
was considered good. Still, it had limitations because
positive test-retest and inter-rater reliability results
were found in most muscles but only in two studies
with rather small sample sizes and some statistical
shortcomings. The TS has good face validity for spastic-
ity assessment.”'? In one study, the TS had 100% Per-
centage of Exact Agreement (PEA) between the Y TS
component and the EMG (r = 0.86 for elbow flexors;
0.62 for ankle plantar flexors) and 94% PEA between
the Xy TS component and laboratory measures of con-
tracture (r = 0.89 for elbow flexors; 0.84 for plantar
flexors), suggesting good criterion validity.'® Another
study showed similar positive results for the TS Y com-
ponent compared to instrumented biomechanical assess-
ment.®> The COA appears sensitive to change after
various interventions (botulinum toxin, anesthetic nerve
blocks, selective neurotomy, physiotherapy interven-
tions), and its responsiveness has been specifically evalu-
ated after a long-term stretch program with good
results.®?

Strengths and weaknesses. The TS closely follows
the definition of spasticity as an enhancement of
velocity-dependent stretch reflexes and can differentiate
between spasticity and contracture as opposed to the
Ashworth-derived COAs.'® Generally, it has good
validity, reliability, and responsiveness, and does not
require extensive equipment. Of clinical utility is the
fact that the COA is fast, simple, and easily adminis-
tered and that both the X and the Y components may
reflect other types of muscle overactivity, that is, spastic
dystonia® and spastic cocontraction.! The key limita-
tion of the TS is the lack of a publicly available practi-
cal standardization for the whole assessment procedure,
muscle by muscle.

Recommendation level. TS is recommended as a
ClinRO of spasticity. It is suitable for screening, preva-
lence, clinical trials, intervention studies, and clinical
practice. It should be used as a gold standard to vali-
date other spasticity COAs.

COAs Recommended with Caveats
Composite Spasticity Index

Description. The Composite Spasticity Index (CSI) is
a clinical measure of spasticity reflected by the magni-
tude of the stretch reflex response evaluated in both its
phasic (tendon jerk, clonus) and tonic (resistance to
stretch) aspects.””*°® It combines the assessment of
tendon jerks, MAS, and clonus elicited in the wrist
and/or ankle with a rapid stretch. A total score is calcu-
lated as the sum of the three scores, but the MAS part
is double-weighted. Nevertheless, the tendon jerk and
clonus parts assess spasticity in a strict sense. The CSI
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is an ordinal COA that scores the presence and severity
of spasticity.

A modified version of the COA exists, the modified
CSI (M-CSI),** which eliminated the clonus section.
However, because the COA has not been used beyond
its developers and has a poor measurement property
profile, the level of recommendation for this modified
version is only listed.

The CSI is publicly available in English only with no
fee. The time to perform the CSI should be less than
10 minutes, and the examination requires a reflex ham-
mer. Instructions on how to perform the tasks need to
be clarified. For instance, it needs to be clarified which
joint to select and what the standardized position is
when assessing. Also, Items I (tendon jerk) and II (resis-
tance to stretch) scores 2—4 are liable to subjective inter-
pretation. The developers and other groups used the
CSI in patients with a spinal cord injury (SCI)*” and
stroke.®®

Measurement properties. Several studies support
the reliability of the CSI in terms of test-retest reliabil-
ity®>’? and internal consistency,®”*>"! but inter-rater
reliability was not assessed. In general, validity was
considered good, but it had limitations because part of
the COA utilizes MAS, and the validity of AS and its
variants as a measure of spasticity has been repeatedly
questioned (eg,'*”; see Discussion below). Two studies
indicated the responsiveness of the COA with transcu-
taneous electrical nerve stimulation,*”*” but responsive-
ness statistics were not used.

Strengths and weaknesses. The CSI has the advan-
tage of using several velocities, which should be used in
the assessment of spasticity, as well as combining three
items (reflexes, stretch-induced resistance, and clonus),
although the “stretch-induced resistance” could be due
to muscle hypo-extensibility or spastic dystonia as well.
Key caveats relate to the lack of standardization (which
joint to choose, assessment position, imprecise descrip-
tion of some scores) and the fact that the COA can be
used only to assess elbow flexors and extensors, quadri-
ceps, and triceps surae.

Recommendation level. CSI is recommended with
caveats as a ClinRO of spasticity because the resistance
to stretch assessment may be contaminated by
phenomena other than spasticity (spastic myopathy,
spastic dystonia), the measurement property profile is
good with limitations, and there are several feasibility
issues. The CSI is suitable for screening, prevalence,
treatment trials, correlation with other COAs, including
validations, and clinical practice with caveats.

Spasticity 0-10 Numeric Rating Scale

Description. The Numeric Rating Scale (NRS) is a
self-reported instrument originally designed to assess
the perceived pain level. It has been adapted to assess
“spasticity” perception (S-NRS), where the patient
scores the presence and severity of perceived muscle
stiffness—over the last 24 hours on a scale of 0 to 10.?®
Importantly, “spasticity” is explained to the patient as
experienced muscle stiffness, which can be considered
accurate in the case of a PRO. However, both neurologi-
cal and non-neurological factors may cause muscle stiff-
ness, and even among the neurological causes, spastic
dystonia rather than spasticity likely plays a key role.
S-NRS is publicly available with no fee for the
English version. However, as the NRS is utilized to
assess pain worldwide, it can also be easily used for
“spasticity” assessment in any language. The tool is fast
to use as it rests on one simple question. However, in
case of severe cognitive or language impairment, it may
still be impractical to use. It has been used by devel-
opers in multiple sclerosis (MS) patients and by other
groups in SCI adults and cerebral palsy (CP) children.

Measurement properties. Test—retest reliability of
S-NRS was good in two studies with MS-related spas-
ticity.”®’? Because the COA only substitutes the word
spasticity for pain as the anchor endpoint, its face and
content validity are supported by the well-documented
validity of the 0-10 NRS for measuring changes in
pain. The S-NRS strongly correlates with the Spasm
Frequency Scale,”® MTS,”>”3 MAS,”>”3 and Spasticity
Index-Amyotrophic Lateral Sclerosis,”’ suggesting
good convergent validity. S-NRS responsiveness was
rated as good based on the results of two cannabinoid
studies in MS**”* and one rehabilitation treatment
trial in SCI patients.”” Also, the values of 30% clini-
cally important difference and 18% minimal clinically
important difference are available.”®

Strengths and weaknesses. The NRS is wide-
spread in pain and can easily be adapted for clinical
practice in spasticity. It is simple and easy to report and
has good measurement properties. A limitation is that
the severity of “spasticity” is not defined and explained
in detail.

Recommendation level. NRS is recommended with
caveats as a PRO to gather/monitor changes in patient-
reported severity of “spasticity” perceived by the patient
as muscle stiffness. S-NRS is suitable for clinical trials,
intervention studies, and clinical practice with caveats
relating to the ambiguous use of “spasticity.” For this
reason, this COA is not suitable for validation studies
of COAs that use the term spasticity in a strict sense.
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88-Item Multiple Sclerosis Spasticity Scale

Description. The 88-Item Multiple Sclerosis Spastic-
ity Scale (MSSS-88) is designed to capture the impact of
“spasticity” as perceived by an MS patient over the past
2 weeks in eight clinically relevant areas: three symp-
toms interpreted as spasticity-related, three areas of
physical functioning, and emotional health and social
functioning.”” Using a 1-4 Likert-type rating scale,
the tool scores the presence and severity of symptoms
and the physical and psychosocial impact of “spastic-
ity” in a multidimensional way. The respondent
should be non-demented without major neuropsycho-
logical deficits, able to read, hear, and understand
questions, and respond to the 88 questions (concen-
tration span).

The MSSS-88 is free for the English, German, Italian,
and Serbian versions. The patient must exert effort to
fill in the 88 items. In high-functioning patients, a mini-
mum of 45 minutes is estimated to complete the full
questionnaire. In patients with sensorial, cognitive,
communication, or motor difficulties, it may take up
to 2 hours to complete the full MSSS-88 question-
naire or it may not be feasible to use this PRO in the
clinic. Developers and other groups have been using
this COA.

Measurement properties. The MSSS-88 is inter-
nally consistent and has good item-total correlations.
Test-retest validity was good in one study’® and good
for some subsections in another.”” Although no formal
content validity testing was made, it can be deemed
acceptable as the COA was developed based on a con-
ceptual model, a literature review, and the participation
of patients and experts.”” The MSSS-88 has good crite-
rion validity (compared to a laboratory measure of
ankle plantar flexor responses to stretch”®). It correlates
with other relevant COAs, that is, AS as a tone-related
COA,””®% NRS or Patient-Reported Impact of Spastic-
ity Measure as “spasticity” PRO,”” and Expanded Dis-
ability Status Scale as an MS-specific scale.®” The good
responsiveness of the MSSS-88 has been shown in two
studies””””® and considered comparable to a laboratory-
based measure of ankle plantar flexor responses to
stretch.”®

Strengths and weaknesses. The MSSS-88 is easy
for the clinician, although its lengthy administration
can burden the patient. It has complete validation stud-
ies and is available in several languages. Except for the
extensiveness of the COA, the main weaknesses are
linked to the fact that it is a PRO lacking true, objective
measurement of spasticity as well as to the fact that it is
a disease-specific measure.

Recommendation level. The MSSS-88 is rec-
ommended with caveats as a PRO of “spasticity” and

r CLINICAL OUTCOME

ASSESSMENTS FOR SPASTICITY
its impact in adolescent or adult patients with MS. The
MSSS-88 is suitable for epidemiological studies and
treatment trials with caveats relating to the ambiguous
use of “spasticity.” For this reason, this COA is not suit-
able for validation studies of COAs that use the term
spasticity in a strict sense.

Discussion and Recommendations

In this review, the TS was the only ClinRO rec-
ommended to assess spasticity, followed by the CSI,
S-NRS, and the MSSS-88, all recommended with
caveats. The latter two evaluate “spasticity” from the
patient’s perspective, that is, as perceived tone. As such,
however, they can only be recommended with caveats.
These recommendations are not based solely on the
measurement properties of the COA but also on their
critical appreciation from the viewpoint of the concept
of spastic paresis comprising not only spasticity but
also other forms of muscle overactivity. These COAs
are recommended for patients with spastic paresis
regardless of the cause with the exception of MSSS-88,
which is a disease-specific PRO.

The TS closely follows the definition of spasticity as
an enhancement of velocity-dependent stretch reflexes.
To make full use of its potential, it should be used as
one component of the Five-Step Assessment (FSA) of
spastic paresis'? specifically designed to evaluate the
most important components of spastic paresis. In brief,
as the first step, the FSA identifies key muscle groups
that contribute to function impairment. These muscles
are subsequently evaluated technically using the TS to
obtain information about their shortening and spastic-
ity as an indicator of more disabling forms of muscle
overactivity, that is, spastic dystonia and spastic
cocontraction. Subsequently, active and rapid alternat-
ing movements against the resistance of the evaluated
muscles are assessed. Several coefficients can be derived
from these measurements, reflecting shortening, spastic-
ity, weakness, and fatigability.' These have high clinical
relevance as they guide the treatment process. Although
precise cutoff scores are not yet available for these coef-
ficients, their significance in the decision-making pro-
cess can be—in simple terms—described the following
way. Patients with a high coefficient of shortening
should be primarily prescribed an intensive stretching
regimen®>®! or be sent to surgical lengthening proce-
dures.®? Similarly, patients with a high coefficient of
spasticity, if a bothersome clonus is present and/or if
spastic dystonia is and/or if the coefficients of weakness
and fatigability suggest the presence of spastic
cocontraction, might be primarily treated with neuro-
muscular agents such as botulinum toxin."*38¢ At the
same time, intensive, specific, and long-term training of
active movements against the overactive muscles should
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be prescribed.®”*” Finally, patients with a low coeffi-
cient of spasticity, no clonus, and/or without spastic
dystonia or cocontraction—which may be objectified
using diagnostic nerve blocks—should primarily
undergo the aforementioned active training in combina-
tion with various adjunct therapies. Functional electri-
cal stimulation or orthotic devices are two examples.®’
Of course, various other treatments are available, but
stretching, active training, and possibly botulinum
toxin injections should be the basic ones focusing spe-
cifically on deforming spastic paresis. On a worldwide
scale, this is often not done. Our recommendation to
use the TS might change this, paving the way for esta-
blishing a more transparent decision-making process
and utilizing efficient treatment methods.

Regarding the two patient-reported COAs rec-
ommended with caveats—the S-NRS and MSSS-88—
the choice between the two is rather simple. The main
strength of the S-NRS is the wide use of similar ratings
in the pain field (NRS) and its simplicity of use. On the
contrary, caution is advised in interpreting these results
as the COAs ask about the level of spasticity, which the
patient with spastic paresis will probably interpret as a
combination of various forms of muscle overactivity,
especially spastic dystonia and spastic myopathy. The
term “spasticity” in these COAs makes sense given
the general understanding of the word and its use by
clinicians who influence the patient’s perception of
it. However, it barely reflects the enhancement level
of velocity-dependent stretch reflexes. In fact, the not-
yet-validated Global Subjective Self-Assessment incor-
porated into the first step of the FSA comprises three
NRS-based questions about pain, function, and stiff-
ness, which is more precise compared to “spasticity” in
S-NRS as it relates rather to the combination of muscle
overactivity and spastic myopathy. As for the MSSS-88,
the COA is recommended for use under two specific
conditions, namely that the patient has MS-related
“spasticity” and that there is enough time to complete
this rather extensive survey. Regarding the use of the
word “spasticity,” the same caution is advised as in
the case of the S-NRS. The MSSS-88 combines “spastic-
ity” with stiffness, tightness, feeling the muscles pulling,
being rigid, restricted, and other descriptions of stiff-
ness. In this sense, it approaches the construct in ques-
tion using patient-relevant descriptions. For a clinician,
however, it is impossible to ascribe the scores strictly to
spasticity.

The exclusion of some of the scales after evaluation
requires an explanation, especially in the case of the
Ashworth scales—that is, AS, REsistance to PASsive
movement (REPAS), MAS, Modified MAS (MMAS),
Peacock-Staudt Modified (Modified) Ashworth Scale
(PS-M(M)AS), and Spastic Paraplegia Rating
Scale (SPRS). Then again, this may not be surprising
because Ashworth himself stopped short of claiming

that his COA was measuring “spasticity” in his original
publication.'? Indeed, the Ashworth Scales rate a super-
ordinate construct, that is, muscle tone defined as resis-
tance to passive movement,'? and not spasticity, which
can be assessed only using at least two velocities of
stretch as it is defined as an enhancement of the
velocity-dependent stretch reflexes.>”'” Besides failing
to specify the speed of the passive stretch performed by
the examiner, Ashworth remained silent about the
starting position of the movement—which will also
impact the reference range of motion (ROM) and the
moment of perceiving the first abnormal resistance—
and the end of the actual ROM for which the first point
of abnormal resistance should be evaluated. In effect,
was this the full theoretical range of the joint involved
or the practically available range left by contracture?
Of these three missing pieces of information, only speed
and onset of range are occasionally considered an issue
by some of the later authors who produced the
Ashworth-derived COAs. These shortcomings led to
rating the feasibility as not good in the case of the AS,
MAS, PS-M(M)AS, and SPRS items 7 and 8.

Regarding the speed of the stretch, the Ashworth-
derived COAs and some studies using the original AS
erroneously address it by fixing the time of the stretch
to 1 second’®”? instead of fixing the speed. Because,
however, the available ROM and the resistance one
encounters markedly differ for various muscles, the
speed of stretch will vary between them. Thus, if spas-
ticity is defined as a velocity-related phenomenon, the
ability of the AS/REPAS/MAS/MMAS to detect spastic-
ity will vary in different segments. In addition, ROM is
commonly limited by contractures in patients with
chronic deforming spastic paresis. Therefore, even in
segments with a physiologically large ROM where the
AS/REPAS/MAS/MMAS might theoretically stretch fast
enough to elicit some spastic response, in clinical prac-
tice this is usually not the case because those muscles
are shortened, which in turn—due to the 1-second
instruction—leads to a decrease in the speed of the
stretch. Also, because the contrast between passive
ROM using a slow and a fast stretch is not considered,
the Ashworth-derived COAs mix contracture with
“spasticity.”!®

Thus, although they are valid measures of muscle
tone, the validity of AS and AS-derived COAs could
not be considered good for spasticity. Regarding other
measurement properties, the reliability was rated as
good only in the cases of REPAS and MMAS; however,
these conclusions should be treated with caution as they
are derived from scarce data. Only responsiveness can
be considered good in the cases of the AS, MAS,
MMAS, and REPAS.

In conclusion, the expert panel recommends using the
TS for spasticity assessment optimally within the frame-
work of the FSA. Future efforts should focus on
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publishing official muscle-by-muscle assessment guide-
lines and potentially also on developing web-based
training to achieve standardized practices. Additionally,
a further review—already commissioned by the MDS
COA-SEC—should address the pressing need to evalu-
ate functional COAs in patients with spastic paresis.
The authors of this review urge clinicians and
researchers to use the TS and adopt the terminology
described within the framework of deforming spastic
paresis. This approach could enhance understanding of
the efficacy of various (non-)pharmacological treat-
ments and address current research questions, such as
the recurrence of “spasticity” following various neuro-
surgical procedures.”* @
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