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Objective: To conduct a systematic review using validated 
critical appraisal scales to analyze both the quality and con-
tent of the psychometric evidence of spasticity measurement 
tools in cerebral palsy children and adolescents.
Data Sources: The literature search was performed in 3 da-
tabases (Pubmed, CINAHL, Embase) up to March 2012.
Study Selection: To be retained for detailed review, studies 
had to report on at least one psychometric property of one or 
many spasticity assessment tool(s) used to evaluate cerebral 
palsy children and adolescents.
Data Extraction: Two raters independently reviewed admis-
sible articles using a critical appraisal scale and a structured 
data extraction form.
Data Synthesis: A total of 19 studies examining 17 spasticity 
assessment tools in cerebral palsy children and adolescents 
were reviewed. None of the reviewed tools demonstrated sat-
isfactory results for all psychometric properties evaluated, 
and a major lack of evidence concerning responsiveness 
was emphasized. However, neurophysiological tools demon-
strated the most promising results in terms of reliability and 
discriminating validity.
Conclusions: This systematic review revealed insufficient 
psychometric evidence for a single spasticity assessment tool 
to be recommended over the others in pediatric and adoles-
cent populations.
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tools; muscle spasticity; cerebral palsy; rehabilitation.
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INTRODUCTION

Spasticity is a neuromuscular consequence of brain damage that 
is measured in various neurological populations as a velocity-
dependent increase in muscle tone and exaggeration of the 
stretch reflex (SR) (1). Spasticity leads to movement limita-
tions and thus largely contributes to the disruption of motor 
performance found in children diagnosed with cerebral palsy 

(CP), a permanent condition originating from a neurological 
disturbance that occurred in utero or during perinatal devel-
opment (2). Futhermore, impairment of motor performance 
in CP disrupts functional achievement of daily activities (3), 
participation in recreational activities (4) and peer relationships 
(5). Among various forms of muscle overactivity, spasticity 
thus represents an important therapeutic target in rehabilitation 
in the attempt to optimize motor performance and increase the 
functional gains in children with CP (6).

Quantification of spasticity is of importance to portray 
the functional capacity of children with CP and to docu-
ment changes after occupational and physical therapies. This 
neuromuscular deficit comprises complex spinal and cortical 
components and yet no consensus has been reached regarding 
its appropriate measurement. Numerous clinical and neuro-
physiological measurement tools have been developed for 
muscle spasticity assessment, but evidence is limited on their 
psychometric characteristics.

A systematic literature review recently addressed the psy-
chometric properties of clinical assessment scales for spasticity 
and associated phenomena, and underlined that reliability data 
was missing for many scales (7). A hundred and ten articles 
were reviewed, but the procedure did not contain critical ap-
praisal scales for analyzing the quality of the psychometric 
studies, which in turn would have allowed a more structured 
approach (8). It is now recognized that systematic reviews 
should not be limited to a narrative approach. Moreover, the 
scope of this previous review was not specific to psychomet-
ric properties of spasticity assessment tools and included a 
large range of scales on active and passive function, as well 
as functional clinical scales with an association with spastic-
ity. Also, this review was not proper to spasticity found in a 
specific population, either based on a diagnosis (e.g. CP) or an 
age range (e.g. children and adolescents). Besides, no review 
was found in the literature addressing measures of spasticity 
specifically in children and adolescents. Given the growing 
importance attributed to reliability, validity and responsive-
ness for the selection of robust assessment tools, the purpose 
of the present study was to conduct a systematic review using 
validated critical appraisal scales to analyze both the quality 
and content of the psychometric evidences of spasticity meas-
urement tools in children and adolescents with CP.
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10–15). After independent evaluation by each rater, the raters compared 
scores and used a structured approach to reach consensus (reading the 
facts in the article, and discussing about standards). Studies were ap-
proximately rank ordered for quality in Table II. Weighted kappa and 
intraclass correlation coefficient were used to evaluate pre-consensus 
interrater agreement on individual items and interrater reliability of the 
total scores of the appraisal scale, respectively.

Description of the assessments
Many different types of assessment tools are addressed in this review. 
In order to facilitate the thorough discussion, the tools are grouped into 
3 categories according to their nature: clinical scales, biomechanical 
and neurophysiological assessment tools.

Clinical assessment tools

Ashworth and Modified Ashworth Scales. The Ashworth and Modi-
fied Ashworth Scales (AS and MAS) are respectively 5- and 6-point 
ordinal scales qualifying the resistance (tone increase) of muscles to 
passive movement (16–21).

Tardieu and Modified Tardieu Scales. The Tardieu and Modified Tar-
dieu Scales (TS and MTS) qualify the resistance of spastic muscles 
to passive stretching at three different velocities on a 6-point ordinal 
rating scale and measure two resulting joint angles using a gonio-
meter: the angle of catch at which a muscle response (stretch reflex) 
is provoked by the fast velocity stretch (R1) and the angle of full pas-
sive range of motion obtained with low speed stretching (R2). The R2 
minus R1 (R2–R1) value is thought to describe the level of dynamic 
contracture in the joint (18–20, 22–24).

Hypertonia Assessment Tool. The Hypertonia Assessment Tool (HAT) 
is a standardized 7-item assessment of the three types of pediatric 
hypertonia, i.e. spasticity (2 items), dystonia (3 items), and rigidity (2 

METHODS

Literature search
The literature search was performed in 3 databases (Pubmed, CINAHL, 
Embase) using the following keywords and Medical Subject Headings 
(MeSH terms): (muscle spasticity[MeSH] OR (muscle AND spasticity) 
OR muscle spasticity OR spasticity) AND (Reproducibility OR Validity 
OR Validation OR Reliability OR Responsiveness OR Minimal detectable 
change OR Minimal clinically important difference OR Rasch OR Repro-
ducibility of Results[MeSH] OR Validation Studies as Topic[MeSH] OR 
Evaluation Studies[Publication Type] OR Validation Studies[Publication 
Type]) AND (infant[MeSH] OR child[MeSH] OR adolescent[MeSH]). 
Articles published from late forties to March 2012 were included.

Study selection, quality assessment and data extraction
In order to determine eligibility, the lead author (VHF) reviewed title 
and abstract of each article for initial selection. Articles that met the 
following inclusion criteria were retained for full-length examination: 
[1] evaluated at least one spasticity assessment tool; [2] reported on at 
least one psychometric property; [3] written in French or English; [4] 
included children or adolescents (0–18 years old); [5] included partici-
pants with a CP diagnosis. Full articles were then screened a second 
time against the selection criteria to reconfirm eligibility. Two raters 
(VHF, HM-A) independently reviewed the admissible articles using a 
critical appraisal scale and a structured data extraction form to collect 
relevant information on study design (participants and assessment tools 
included) and on psychometric properties studied (reliability, validity 
and responsiveness). Definitions of the specific psychometric properties 
extracted for this systematic review are presented in Table I (based on 
Portney and Watkins) (9). For the critical appraisal of study design, 12 
items (Table II) were rated on a 3-level scale (8). This critical appraisal 
tool has already been used in systematic reviews focusing on rehabilita-
tion studies and consistently demonstrated high interrater reliability (8, 

Table I. Definitions of psychometric properties discussed in this systematic review

Psychometric properties Definitions

Reliability
Relative reliability Refers to the degree of consistency of a measurement.
Intraclass correlation coefficient (ICC) Is a measure of relative reliability that reflects both correlation and agreement of data. ICC considered poor 

if ≤ 0.20; fair from 0.21 to 0.40; moderate from 0.41 to 0.60; good from 0.61 to 0.80; excellent if  ≥ 0.81.
Intrarater reliability Refers to the stability of the data recorded by the same rater across two or more trials.
Interrater reliability Concerns the stability of the data recorded by two or more raters who measure the same group of subjects.
Test-retest Indicates the extent to which a test is stable and is capable of measuring a variable with consistency when 

administered repeatedly.
Absolute reliability Refers to the stability or precision of the measure.
Standard error of measurement Is a measure of absolute reliability that represents the standard deviation of the measurement error.
Coefficient of variation Is a measure of absolute reliability that assess the measure stability across repeated trials by looking at the 

variability which reflects the degree of measurement error. This ratio expresses the standard deviation as a 
proportion of the mean.

Internal consistency Reflects the extent to which items for dichotomous variables are homogeneous and measure various aspects 
of the same characteristic and nothing else. Kuder-Richardson Formula 20 ≥ 0.90 is deemed acceptable at 
the group level.

Validity
Content validity Is studied to indicate the extent to which the universe of content that defines the variable of interest is adequately 

sampled by the items in the scale.
Known-group validity Is studied to indicate the extent to which a tool discriminates between a group known to have a specific 

characteristic and a group known not to have this characteristic.
Construct validity (convergent) Is studied to establish the ability of a tool to measure a priori defined construct and the extent to which it 

reflects the theoretical components of the construct. 
Criterion validity (concurrent) Is studied when the test to be validated is compared to a reference standard criterion test (gold standard), 

when the measurements are taken relatively at the same time (concurrently).
Pearson/Spearman correlation 
coefficients (r) 

Pearson/Spearman coefficients reflect the degree of correlation and are considered poor if < 0.25; fair from 
0.25 to 0.49; moderate to good from 0.50 to 0.75; good to excellent if > 0.75.

Responsiveness Represents the ability of a tool to measure true clinical change over time.
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Dynamometry. The resistive force of muscles is recorded with a simple 
uniaxial hand-held dynamometer (myometer) (35) or an isokinetic 
dynamometer (36) as the targeted muscle is passively stretched at a 
low then a high velocity (the therapist is passively moving the involved 
joint at different velocities towards the antagonist movement) (37).

Measures using goniometry. The passive range of movement (PROM) 
measured by goniometry is the angular distance that a joint can be 
moved by the therapist (no effort from the patient) from a position of 
relative muscle shortening to a position of relative muscle lengthening 
at slow velocity (to minimize the stretch reflex) (20, 38).

The angle of catch (AOC) is the angle at which a fast passive muscle 
stretching is abruptly stopped by a sudden increase of muscle activity 
and resistance (38).

Inertial sensors. Lightweight inertial sensors (containing accelero-
meters, gyroscopes, magnetic sensors) positioned on the proximal 
and distal segments of a joint can track motion during fast passive 
muscle stretching and provide an accurate measure of the AOC (38).

Stiffness tool with robotic-assisted gait orthosis. The stiffness tool (L-
STIFF, implemented to a driven gait orthosis Lokomat; Hocoma AG, 
Volketswill, Switzerland) measures mechanical stiffness and produced 
torques in hip and knee during controlled passive movements at 3 
different velocities during robotic-assisted gait training with partial 
body weight support (39).

Neurophysiological assessment tools
Electromyography (EMG). From maximal isometric voluntary con-
tractions of dorsiflexors and/or plantarflexors (EMG recordings and 
apparatus at the ankle), mean maximal torque and co-contraction 
ratios are analyzed (26).

Tonic stretch reflex testing. Mechanical displacements of the joint 
(e.g. produced by a torque motor at different velocities) (40) provokes 
passive stretches of a given muscle group and EMG recordings enable 

items). Rating consists of scoring 0 (negative) or 1 (positive) for each 
item, a positive score for at least one item of the subgroup confirming 
the presence of this subtype of hypertonia (25).

Composite Spasticity Scale. The Composite Spasticity Scale comprises 
3 measures: [1] a 5-point scale to grade Achilles tendon jerk; [2] a modi-
fied 8-point Ashworth Scale to quantify resistance to full-range passive 
ankle dorsiflexion at a fast speed; [3] a 4-point scale to grade clonus. The 
sum of the 3 scores (ranging from 0 to 16) reflects the status of ankle 
plantar flexors tone, thus describing spasticity as mild for scores from 0 
to 9, moderate from 10 to 12, or severe for scores of 13 to 16 (26, 27).

Biomechanical assessment tools

Myotonometer. The Myotonometer (Neurogenic Technologies Inc, 
Missoula, MT, USA) is a recently developed portable electronic device 
that allows the quantification of muscle tone or stiffness (at rest) and 
muscle strength (during muscle contraction) by measuring the amount 
of muscle-tissue displacement per unit force applied by a hand-held 
probe pressed onto the muscle. This device provides a quantification 
of the level of severity of the spastic condition by analyzing/comparing 
both measurements (28–30).

Wartenberg pendulum test. The pendulum test quantifies lower limb 
hypertonia. The patient is in supine position with the leg maintained in 
full extension by the evaluator at the edge of the table. The test specifically 
consists of releasing the leg to drop and swing freely from the horizontal 
position. Recordings of muscle activity (surface electromyography) and 
knee angle (electrogoniometer) enables to measure different variables 
related to the swinging of the leg: the R2 ratio [amplitude of the first 
swing/amplitude of the final position], the R1 ratio [amplitude of the first 
swing/amplitude of the rebound angle], the maximal velocity of the first 
swing (Vmax), and the swing time, i.e. the time between the peaks (31–33).

Three-dimensional pendulum test (3D-pendulum). With a 3D motion 
analysis system, more variables from the pendulum test can be col-
lected, such as the oscillation frequency (34).

Table II. Quality of studies rated with critical appraisal scale of study design for psychometric articles

 Evaluation criteriaa (maximal score = 2, minimal = 0)

Studies Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12

Fosang et al., 2003 (20) 2 2 1 2 0 1 2 2 2 2 2 2
Schmartz et al., 2011 (39) 2 2 1 2 0 2 2 2 2 1 2 2
Aarrestad et al., 2004 (30) 2 1 1 2 0 NA 2 2 2 2 2 2
Pierce et al., 2006 (36) 2 2 1 1 0 NA 2 2 2 2 2 2
Alhusaini et al., 2010 (18) 1 2 2 2 0 NA 2 2 2 2 1 2
Jobin & Levin, 2000 (40) 1 2 2 2 0 2 1 2 2 2 0 2
Boiteau et al., 1995 (37) 2 2 1 1 0 2 2 2 1 1 1 2
Mutlu et al., 2008 (21) 2 2 1 1 0 1 2 2 2 1 2 1
Poon & Hui-Chan, 2009 (26) 1 2 1 1 0 2 1 2 2 1 1 2
Yam & Leung, 2006 (19) 2 1 1 0 0 NA 2 2 2 1 1 2
White et al., 2007 (34) 2 1 1 2 0 NA 2 0 1 2 2 1
Nordmark & Andersson, 2002 (31) 2 1 0 2 0 2 1 2 2 1 0 2
Clopton et al., 2005 (17) 1 1 1 1 0 1 2 2 2 1 2 1
Jethwa et al., 2010 (25) 1 1 1 1 0 NA 2 2 1 1 1 2
Gracies et al., 2010 (22) 0 2 1 1 0 2 1 2 2 1 0 2
Dvir et al., 1990 (35) 1 1 1 0 0 NA 2 2 2 1 0 2
Mackey et al., 2004 (23) 1 2 1 0 0 2 2 2 1 0 0 2
van den Noort et al., 2009 (38) 1 1 2 1 0 NA 1 1 1 1 1 0
Kohan et al., 2010 (41) 0 1 0 0 0 NA 1 0 0 0 0 0
aItem 1: relevant background on psychometric properties and research question; Item 2: inclusion/exclusion criteria; Item 3: specific psychometric 
hypothesis; Item 4: appropriate scope of psychometric properties; Item 5: appropriate sample size; Item 6: appropriate retention/follow-up; Item 7: specific 
descriptions of the measures (administration, scoring, interpretation procedures); Item 8: standardization of methods; Item 9: data presented for each 
hypothesis or purpose; Item 10: appropriate statistical tests; Item 11: appropriate secondary analyses; Item 12: conclusions/clinical recommandations 
supported by analyses and results.
NA: not applicable.
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of the National Institutes of Health Task Force on Childhood 
Motor Disorders, from small group sessions, and from individual 
interviews with professionals experienced in pediatric hyperto-
nia. Afterwards, the item reduction stage was based on internal 
consistency of items and on individual item validation (i.e. items 
that had > 50% agreement with the type of hypertonia diagnosed 
by the pediatric neurological examination were retained). The 
final revised version of the HAT comprises 7 items in total.

Criterion validity. Very little evidence exists on the concurrent 
criterion validity of spasticity assessment tools. Alhusaini et 
al. (18) compared both the AS and TS with a combination of 
EMG and biomechanical measurements (considered a reference 
standard derived through laboratory measures). They showed a 
significantly good agreement (κ = 0.73, p < 0.001) of the TS with 
the laboratory measures (in correctly identifying the presence of 
spasticity in the ankle plantarflexors) but a marginally fair agree-
ment (κ = 0.24, p = 0.057) of the AS with the laboratory measures. 
The spasticity subscale of the HAT was also tested for concurrent 
validity and moderate to good agreement with the neurological 
diagnosis made by a specialist were reported (prevalence-adjusted 
bias-adjusted Kappa (PABAK) range 0.57–0.74) (25). Finally, 
Jobin & Levin (40) observed that lower values of elbow flexors 
SR thresholds were marginally associated with higher levels 
of clinical spasticity measured with a modified version of the 
Composite Spasticity Scale (r = 0.39, p > 0.05).

Convergent construct validity
Clinical assessment tools. The R2 measured with the TS dur-
ing slow velocity stretch correlated with PROM measured 
with laboratory measures (Pearson r = 0.49, p = 0.009), thus 
making the authors suggest that the TS is able to characterize 
the severity of contracture (18).

Biomechanical assessment tools. Evidence on construct validity 
supports that the relative swing time measured by the pendulum 
test was distinct from, but somewhat related to, gross motor 
function (Table V) (31). van den Noort et al. (38) evaluated 
correlations between the AOC measured after repositioning with 
a goniometer, the AOC measured by inertial sensors simultane-
ously to the goniometer and the AOC measured by inertial sen-
sors as the angle of maximal joint angular deceleration during 
fast passive stretch (considered the true AOC) for 3 muscles. 
Higher correlations were observed between measures with the 
goniometer and the inertial sensors collected simultaneously 
as well as between both measures with the inertial sensors 
(0.65 ≤ r ≤ 0.95) compared to correlations between measures 
with the goniometer and true AOC (0.43 ≤ r ≤ 0.70). 

Neurophysiological assessment tools. Poon & Hui-Chan (26) 
found fair correlations between stretch reflex and EMG measure-
ments (0.27 ≤ r ≤ 0.48). Among others, they observed that children 
with more hyperactive plantarflexor stretch reflex (as denoted by 
larger soleus SR expressed in percentage of M-response areas) 
also had larger plantarflexion co-contraction ratios and smaller 
plantar- and dorsiflexion torques. Finally, the only paper report-
ing no significant correlation between the MAS and the H-reflex 

the physio logical measure of the stretch reflex threshold angles and 
velocities (26).

Hoffmann reflex of soleus muscle (H-reflex). The soleus H-reflex, the 
electrical analog of the stretch reflex, is obtained by anodal stimulation 
of the posterior tibial nerve (innervating soleus fibers) at the popliteal 
fossa. Small intensities of stimulation preferentially activate Ia fibers 
that excite alpha-motoneurons, thus giving rise to a reflex response in 
the soleus (myotatic reflex loop or H-wave as recorded by EMG at a 
mean of 30–33 ms after the stimulus depending on the subject’s height). 
Higher intensities also directly activate axons of alpha-motoneurons 
and give rise to direct activation of soleus (M-wave recorded 8–10 
ms after the stimulation, M for ‘motor response’). The ratio of the 
maximal amplitudes of H-wave and M-wave (Hmax/Mmax) informs on 
the level of spinal excitability (41).

RESULTS

A total of 19 articles meeting all admissibility criteria were 
included (see Fig. 1 and Tables II and III). Overall, interrater 
reliability of the critical appraisal scale was good (intraclass 
correlation coefficient (ICC) = 0.92, 95% confidence inter-
val = 0.80–0.97), with agreement on individual items ranging 
from moderate to excellent (κ = 0.44–1.0), except for items 7 and 
8 with poor to fair agreement (κ = 0.35 and 0.20, respectively).

Validity
Content validity. The HAT is the only clinical tool for which 
content validity was reported (25). In the item generation stage, 
a pool of 14 items was produced from discussion with members 

Fig. 1. Flowchart of the research strategy and systematic review evidence. 
MeSH: Medical subject headings; CINAHL: Cumulative index to nursing 
and allied health literature; CP: cerebral palsy.

Located citations 
(n=337) 
Database: 
PubMed (n=125) 
CINAHL (n=84) 
Embase (n=128) Title/Abstract review total = 337 

Accepted for full review (n=56) 
Database: 
PubMed (n=22) 
CINAHL (n=13) 
Embase (n=21) 

Total unique articles (n=31) 

Excluded (n=281) 
Did not meet content criteria (n=273) 
Systematic reviews/Reviews (n=8) 

Search results 

Databases search strategy (Keywords and MeSH Terms): 
(muscle spasticity[MeSH] OR (muscle AND spasticity) OR muscle 
spasticity OR spasticity) AND (Reproducibility OR Validity OR 
Validation OR Reliability OR Responsiveness OR Minimal 
detectable change OR Minimal clinically important difference OR 
Rasch OR Reproducibility of Results[MeSH] OR Validation 
Studies as Topic[MeSH] OR Evaluation Studies[Publication Type] 
OR Validation Studies[Publication Type]) AND (infant[MeSH] OR 
child[MeSH] OR adolescent[MeSH]) 
Dates: Late forties to March 2012 

Included (n=19) 
Full text article reviewed with 
structured approach (critical appraisal 
scales) 

Excluded (n=12) 
No subject with spasticity assessment (n=3) 
No psychometric data (n=1) 
Language (n=1; in German) 
Not children/adolescents and/or not CP (n=7) 
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Table III. Summary of studies

Studies
Assessment 
tool(s) evaluated Population n

Properties 
evaluated

Dvir et al., 
1990 (35)

Myometer Children with CP (10 boys) from centers for child development and neurology. 7 quadri, 6 
di. Age range: 3–5 years. 

13 Reliability

Boiteau et al., 
1995 (37)

Myometer 
and isokinetic 
dynamo

Children with CP. 7 di, 3 hemi. Mean age: 4.7 years. 10 Reliability

Jobin & Levin, 
2000 (40)

SR threshold Children with CP from schools for children with special needs and pediatric rehabilitation 
centers in Montreal, Canada. 10 hemi, 3 quadri, 1 di. Mean age: 11.1 years. Comparison 
group: children without CP (4 boys). Age range: 7–12 years.

14 & 8 Reliability, 
validity

Nordmark & 
Andersson, 
2002 (31)

Wartenberg 
pendulum test

Children with CP (12 boys) with spastic diplegia who were selected for SDR between March 
1996 and September 1999. Mean age: 4.3 years. GMFCS level I:1, level II:4, level III:4, level 
IV:10, level V:1. Comparison group: non-disabled children (7 boys). Mean age: 5.5 years.

20 & 14 Reliability, 
validity, 
respons.

Fosang et al., 
2003 (20)

MAS, MTS, 
PROM

Children with CP (7 boys) from a local special school for children with physical disabilities 
and from CP clinics at the Royal Children’s Hospital, Melbourne, Australia. Mean age: 6 
years 4 month. GMFCS level I:4, level II:1, level III:4, level IV:4, level V:5.

18 Reliability

Aarrestad et al., 
2004 (30)

Myotonometer Children with CP (6 boys) recruited following referral from local physicians and physical 
therapists. 5 hemi, 4 di, 1 quadri. Mean age: 8.3 years.

10 Reliability

Mackey et al., 
2004 (23)

MTS Children with CP (6 boys) with spastic hemiplegia from orthopaedic and neurological 
clinic lists and local schools with physical therapy units. Mean age: 9 years. GMFCS 
range: levels I and II. 

10 Reliability

Clopton et al., 
2005 (17)

MAS Children (7 boys) with spasticity from the Lubbock Independent School District (LISD), 
Pediatric Therapy, Inc., the Early Childhood Intervention Program of LISD, the South Plains 
Rehabilitation Center, and the Owens-White Outpatient Rehabilitation Center in Lubbock, 
TX. 8 quadri, 5 di, 2 developmental delay, 2 traumatic brain injury. Mean age: 7 years.a

17 Reliability

Pierce et al., 
2006 (36)

Isokinetic 
dynamo

Children with CP (7 boys) receiving care from the Shriners Hospitals for Children in 
Philadelphia, PA. 9 di, 5 hemi, 1 quadri. Mean age: 10.7 years. GMFCS level I:8, level 
II:2, level III:4, level IV:1. 

15 Reliability

Yam & Leung, 
2006 (19)

MAS, MTS Children with CP (7 boys) from departments of Physiotherapy and Paediatrics and 
Adolescent Medicine in Alice Ho Miu Ling Nethersole Hospital, Hong Kong. 11 di, 4 tri, 2 
hemi. Mean age: 7 years 9 month. GMFCS level I:9, level II:5, level III:3.

17 Reliability

White et al., 
2007 (34)

3D-pendulum 
test

Children with CP with spastic diplegia. Mean age: 12 years. GMFCS level I:5, level II:4, 
level III:1. Comparison group: 10 healthy children. Mean age: 14 years.

10 & 10 Reliability, 
validity

Mutlu et al., 
2008 (21)

AS, MAS Children with CP (27 boys) with spastic diplegia. Mean age: 52.9 month. GMFCS level 
I:9, level II:20, level III:18. 

38 reliability

Poon & Hui-
Chan, 2009 (26)

Composite 
Spasticity Scale, 
SR ratio, EMG 
analyses

Study 1: Children with CP (5 boys) with spastic diplegia from 5 special schools in Hong Kong. 
Mean age: 10 years 2 month. GMFCS level II:4, level III:4. Comparison group: typically 
developing children (6 boys) recruited from a community center. Mean age: 8 years 10 month. 
Study 2: Children with CP (32 boys) from 5 special schools in Hong Kong. 54 di, 7 hemi. 
Mean age: 10 years 8 month. GMFCS level I:6, level II:27, level III:28. 

8 & 9; 
61

Reliability, 
validity

van den Noort 
et al., 2009 (38)

Goniometer and 
inertial sensors

Validation study: 1 healthy subject (26 y old). Goniometry study: Children with CP. Age 
range: 5–14 years. GMFCS range: levels I–IV.

1; 20 Validity

Alhusaini et al., 
2010 (18)

AS, TS Children with CP (17 boys) from the Physical Disability Service of The Children’s 
Hospital at Westmead, Australia. Mean age: 7 years. GMFCS range: levels I and II.

27 Validity

Gracies et al., 
2010 (22)

TS Phase 1: Children with CP (3 boys) from the neurology clinic at Texas Scottish Rite 
Hospital for Children. 2 di, 2 quadri, 1 hemi. Mean age: 10 years. Phase 2: Children with 
CP (7 boys) from the neurology clinic at Texas Scottish Rite Hospital for Children. 5 di, 5 
para, 2 tri, 3 hemi. Mean age: 8 years.

5; 15 Reliability

Jethwa et al., 
2010 (25)

HAT Item reduction stage: Children with CP (19 boys) from a tertiary-level hypertonia clinic at a 
paediatric rehabilitation center. Mean age: 8 years 2 month. GMFCS level I:7, level II:5, level 
III:7, level IV:7, level V:8. Reliability and validity evaluation: Children with CP (15 boys) from 
a tertiary-level hypertonia clinic at a paediatric rehabilitation center (Ontario, Canada). Mean 
age: 10 years 8 month. GMFCS level I:4, level II:3, level III:7, level IV:4, level V:7.

34; 25 Reliability, 
validity

Kohan et al., 
2010 (41)

MAS Children with CP (4 boys) with hemiplegia. Age range 4–6 years. 11 Validity

Schmartz et al., 
2011 (39)

L-STIFF Children with CP (5 boys) from the in- and outpatient setting of the Rehabilitation Centre 
Affoltern am Albis, University Children’s Hospital Zurich, Switzerland. 7 quadri, 1 hemi, 
1 di, 1 spastic dyskinetic. Age range: 4.0–14.5 years. GMFCS level II:1, level III:5, level 
IV:2, level V:1 (no data for 1 child). 

10 Reliability, 
respons.

aStudy included because > 75% of the population has a diagnosis of CP. CP: cerebral palsy; quadri: quadriparesic CP; di: spastic diparesic CP; hemi: 
hemiparesic CP; tri: triparesic CP; para: paraparesic CP; dynamo: dynamometer; SR: stretch reflex; SDR: selective dorsal rhizotomy; GMFCS: Gross 
Motor Function Classification System; respons.: responsiveness; (M)AS: (Modified) Ashworth Scale; (M)TS: (Modified) Tardieu Scale; PROM: 
passive range of movement; EMG: electromyography; HAT: Hypertonia Assessment Tool; L-STIFF: stiffness tool (implemented to a robotic-assisted 
gait orthosis).
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reliability of the MAS only for the hamstrings (ICC = 0.80), 
whereas moderate for all other muscles (elbow flexors, hip ad-
ductors, quadriceps, gastrocnemius, soleus; ICCs = 0.54–0.67), 
while Fosang et al. (20) reported fair to excellent ICCs (0.21–
0.85). The later also reported moderate to excellent intrarater 
reliability for PROM measured with a goniometer and for MTS 
(ICCs ranges 0.55–0.97 and 0.38–0.93, respectively), with 
comparable standard errors of measurements for PROM and 
MTS (SEMs = 2.1–9.6o) (20). Mackey et al. (23) investigated 
the intrarater reliability of the MTS for the assessment of 
biceps spasticity, in particular the elbow joint angles R1 and 
R2 measured by 3D-kinematic analysis. They determined the 
median absolute difference between two measures taken in the 
same session and between measures taken in two different ses-
sions (range 3–130), with measurement errors of up to 25–300 
in some participants at the fastest velocity. Gracies et al. (22) 
used agreement rates to express the intrarater reliability of the 
TS for experienced raters without formal training, for nonex-
perienced raters after training and for experienced raters after 
training (77 ± 13%, 80 ± 14%, 90 ± 8%, respectively). Aarrestad 
et al. (30) reported excellent intrarater reliability for the use 
of the myotonometer to assess spasticity of the biceps brachii 
and medial gastrocnemius muscles (ICCs ranges 0.82–0.99 and 
0.88–0.99, respectively). Pierce et al. (36) found excellent reli-
ability of the isokinetic dynamometer for measuring spasticity 
of knee flexors and extensors at high velocity muscle stretch-
ing (ICCs = 0.80–0.84), and fair to moderate reliability for 2 
slower movement velocities (ICCs = 0.31–0.51). The authors 

did not mention the types of coefficients calculated, the values 
obtained, nor the benchmarks to which they referred, and thus 
presented an evident lack of methodological quality (41).

Known-group validity
Overall, evidence supports the ability of the pendulum test and 
neurophysiological tools (SR and EMG analyses) to differenti-
ate between CP and typically developing children (Table V). 
Nordmark & Andersson (31) detected significant differences 
between CP preoperatively and typically developing children 
for all 4 parameters of the pendulum test (p < 0.001). White 
et al. (34) also detected such differences for all 13 variables 
measured with the 3D-pendulum test (p < 0.001 to p < 0.01). 
Poon & Hui-Chan (26) reported that stretch reflex and EMG 
measurements were able to detect differences between CP 
and typically developing children during both dorsi- and 
plantarflexion movements (Table V). Finally, Jobin & Levin 
(40) reported that elbow flexor muscles presented SR at all 7 
velocities of torque motor-induced passive stretches in children 
with CP whereas no EMG response was obtained in children 
without CP, even at the higher velocity tested.

Reliability
Intrarater reliability. Jethwa et al. (25) reported excellent 
intrarater reliability of the spasticity subscale of the HAT 
(PABAK = 1.0). Mutlu et al. (21) reported intrarater ICC scores 
ranging from fair to excellent (0.31–0.83) for the AS and MAS 
(Table IV). However, Clopton et al. (17) found good intrarater 

Table IV. Reliability of assessment tools for spasticity

Relative reliabilitya Absolute reliability

Intrarater Interrater Test-retest Intrarater SEM Interrater SEM
Test-retest CVs 
(in %)

Range n #  Range n #  Range n #  Range n #  Range n #  Range n #

AS 0.31–0.82 30 1 0.54–0.80 38 1
MAS 0.21–0.85 75 4 0.27–0.87 90 4
TS 49–100c 20 1 43–100c 20 1
MTS 0.38–0.93 18 1 0.22–0.74 35 2 2.1–9.6o 18 1 4.2–9.6o 18 1
Spasticity subgroup 
of HAT 1.0b 25 1 0.65b 25 1
Composite Spasticity 
Scale 0.97 8 1
PROM with gonio 0.55–0.97 18 1 0.62–0.78 18 1 3.2–9.3o 18 1 5.3–7.8o 18 1
Pendulum 3–47 14d 1
3D-pendulum 0.60–0.98 20e 1
Myometer 0.79–0.90 10 1 0.77–0.94 13 1 13.2–13.9g 10 1
Isokinetic 
dynamometer 0.31–0.86 25 2 11.8–12.8g 10 1
Myotonometer 0.82–0.99 10 1 0.74–0.99 10 1
L-STIFF 0.83–0.97 9 1 f0.018– 0.085Nm/o 9 1 9.5–43.5h 9 1
EMG analyses 0.78–0.96 17e 1
SR threshold λ 0.73 14 1 1.2–37 14 1
SR ratio         0.91–0.97 17e 1             
aRelative reliability values reported are ICCs, if not otherwise specified. bPABAK or cpercentage agreement expressed in % (not ICCs), dOnly non-
disabled children and emixed CP and non-disabled children, fTest-retest SEM (and not intrarater) and gIntrarater CVs (and not test-retest), hCoefficient 
of variation of the method error. SEM: standard error of the measure; CV: coefficient of variation; n: number of participants; #: number of studies; 
AS: Ashworth scale; MAS: Modified Ashworth scale; TS: Tardieu scale; MTS: Modified Tardieu scale; HAT: Hypertonia Assessment Tool; PROM: 
passive range of movement; gonio: goniometer; EMG: electromyography: SR: stretch reflex. 
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Interrater reliability. Interrater reliability was reported to be 
good for the spasticity subscale of the HAT (PABAK = 0.65) 
(25), and moderate to good for the AS (ICCs = 0.54–0.80) (21). 
The interrater reliability of the MAS was assessed in more stud-
ies and was shown to be fair to moderate (ICCs = 0.27–0.56) 
(20), moderate to good (ICCs = 0.41–0.73) (19), or good to 
excellent (ICCs = 0.61–0.87) (21). More precisely, Clopton 
et al. (17) distinctly assessed the interrater reliability of the 

stated that the 95% limits of agreement of Bland-Altman plots 
contained most data points (93.3%), but that these limits were 
wide. Finally, Boiteau et al. (37) have shown good to excellent 
intrarater reliability using both a myometer and an isokinetic 
dynamometer to measure the resistance of ankle plantarflexors 
(ICCs ranges 0.791–0.901 and 0.838–0.841, respectively), 
and also reported relatively low coefficients of variation (CVs 
13.2–13.9% and 11.8–12.8%, respectively).

TableV. Validity of assessment tools for spasticity

Tools Known-group validity

Pendulum test Detected differences between CP preoperatively (mean R2 ratio = 1.03 and 1.10, mean R1 ratio  = 1.51 and 1.88, 
mean Vmax = 244 and 260o/s, mean relative swing time = 0.50 and 0.59 s) and non-disabled children for both 
legs (mean R2 ratio = 1.86 and 1.82, mean R1 ratio = 4.01 and 3.78, mean Vmax = 388 and 392o/s, mean relative 
swing time = 1.00 and 1.00 s, p < 0.001).

3D-pendulum test Detected differences between CP (mean max knee flexion angular v = 201.82o/s; mean time to max knee flexion 
angular v = 0.23 s; mean number of oscillations = 4.3; mean duration of knee motion = 2.60 s; mean oscillation 
frequency = 1.89 Hz; mean sagittal plane integral = 25.08o/s; mean transverse plane integral = 5.75o/s; mean frontal 
plane integral = 8.39o/s; mean difference A0 [rest knee angle – start knee angle] = 44.00o; mean difference A1 
[max knee angle – start knee angle] = 49.78o; mean relaxation index R1 = 1.93; mean ratio R2 [A1/A0] = 1.08; 
mean normalized relaxation index R2n [A1/(1.6 × A0)] = 0.68) and able-bodied children (292,51o/s; 0.34s; 6.9; 
6.60 s; 1.05 Hz; 84.51o/s; 12.25o/s; 24.95o/s; 61.14o; 105.14o; 4.16; 1.73; 1.08; p < 0.01).a

SR ratio Detected larger ratios [soleus SR/M-response area] for CP (mean value = 108.7%) compared to typically 
developing children (mean value = 9.6%, p = 0.001).

EMG analyses Detected smaller max torques but larger EMG co-contraction ratios for CP (mean values = 0.1–0.2 Nm/kg, 35.0–
35.8%) compared to typically developing children (mean values = 0.4–1.0 Nm/kg, 13.9–18.9%, p = 0.001–0.004).

SR threshold (λ) Elbow flexor muscles responded to stretch at all velocities in children with CP but not in children without CP 
(no EMG responses even at the higher velocity).

Tools Convergent construct validity

TS The R2 measured with TS during the slow velocity stretch correlates with the PROM determined using laboratory 
measures (Pearson r = 0.49, p = 0.009).

Pendulum test Preoperatively, the R2 ratio correlates with the quadriceps reflex (right leg: Spearman r = –0.626, p = 0.003; left 
leg: Spearman r = –0.566, p = 0.014), the relative swing time correlates with the GMFCS (Spearman r = –0.584, 
p = 0.007), the relative swing time correlates with the GMFME (Spearman r = 0.614, p = 0.004).

SR ratio and EMG analyses Larger ratios [soleus SR/M-response areas] were correlated to larger plantarflexion co-contraction ratios 
(Pearson r = 0.28, p = 0.03) and both smaller plantar- and dorsiflexion torques (r = –0.48, p = 0.001 and r = –0.27, 
p = 0.04, respectively). Larger plantarflexion co-contraction ratios were correlated to smaller plantarflexion 
torques (r = –0.47, p = 0.001). Smaller plantarflexion torques were correlated to smaller dorsiflexion torques 
(r = 0.48, p = 0.001).

Goniometer and inertial sensors (IS) The AOC measured after repositionning with the goniometer highly correlates with the AOC measured by the 
IS simultaneously to the goniometer for the hamstrings (Pearson r = 0.95), soleus (r = 0.84) and gastrocnemius 
(r = 0.71).
The AOC measured by the IS simultaneously to the goniometer highly correlates with the AOC measured by 
the IS as the angle of max joint angular deceleration during the fast passive stretch (i.e. the true AOC) for the 
soleus (Pearson r = 0.75) and gastrocnemius (r = 0.71), and moderately for the hamstrings (r = 0.65).
The AOC measured after repositionning with the goniometer fairly correlates with the AOC measured by the 
IS as the angle of max joint angular deceleration during the fast passive stretch (i.e. the true AOC) for the 
gastrocnemius (Pearson r = 0.43), and moderately for the hamstrings (r = 0.56) and soleus (r = 0.70).

Tools Criterion validity (concurrent)

AS Lack of agreement between AS and laboratory measures (PEA = 81.5%, κ = 0.24, p = 0.057) to identify the 
presence of spasticity.

TS TS can identify the presence of spasticity (PEA = 88.9%, κ = 0.73, p < 0.001) and contracture (PEA = 77.8%, 
κ = 0.503, p = 0.008) when compared to laboratory measures.

HAT Statistical agreement of the spasticity subscale compared with the neurological diagnosis made by a paediatric 
neurologist with expertise in movement disorder was adequate (PABAK ranging from 0.57–0.74).

SR threshold (λ) Correlation between λ and clinical spasticity (measured with a modified version of the Composite Spasticity 
Scale) did not reach a significant level (r = 0.39, p  >  0.05).

aData of the right leg described. CP: cerebral palsy; v: velocity; SR: stretch reflex; EMG: electromyography; TS: Tardieu scale; PROM: passive range 
of movement; GMFCS: Gross Motor Function Classification System; GMFME: Gross Motor Function Measure, dimension E; AOC: angle of catch; 
AS: Ashworth scale; PEA: percentage exact agreement; HAT: Hypertonia Assessment Tool; PABAK: prevalence-adjusted bias-adjusted Kappa.
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MAS for different muscles and found good ICCs for the elbow 
flexors and hamstrings (both 0.79), moderate for the gastroc-
nemius (ICC = 0.45), and fair for other muscles (hip adduc-
tors, quadriceps, soleus; ICCs = 0.33–0.40). Reliability of the 
MTS was found to be fair to good (ICCs = 0.17–0.74) (19), or 
moderate to good (ICCs  =  0.55–0.74) (20). Fosang et al. (20) 
also reported good interrater reliability for PROM measured 
with a goniometer (ICCs = 0.62–0.78), and comparable SEMs 
for PROM and MTS (ranging from 4.2 to 9.6o). Gracies et al. 
(22) used agreement rates to express the interrater reliability 
of the TS for experienced raters without formal training, for 
nonexperienced raters after training and for experienced raters 
after training (66 ± 15%, 74 ± 16%, 81 ± 13%, respectively). 
Good to excellent interrater reliability was reported for the 
myometer measuring the resistance to ankle dorsiflexion 
(ICCs = 0.77–0.94) (35). Finally, Aarrestad et al. (30) found 
good to excellent reliability of the myotonometer for the as-
sessment of spasticity in the biceps brachii (ICCs = 0.74–0.99), 
whereas excellent reliability when the myotonometer was used 
for the medial gastrocnemius muscles (ICCs = 0.84–0.99).

Test-retest reliability. Test-retest reliability refers to studies 
in which the rater was considered not to have an influence on 
data or if it was not specified whether the same or multiple 
rater(s) performed the assessment in both test and retest. 
Reproducibility was reported to be excellent for the L-STIFF 
(ICCs = 0.83–0.97) (39), as well as for the Composite Spas-
ticity Scale, the plantarflexion SR analyses and the EMG 
measurements in both CP and typically developing children 
(ICCs = 0.78–0.97) (26). SEM and CV of the method error 
(CVME) were also reported as absolute reliability indices for 
the L-STIFF, and indicated 0.028–0.085 Nm/o and 9.5–23.0% 
of test-retest variability in hip as well as 0.018–0.064 Nm/o 

and 13.3–43.5% in knee measurements (39). Nordmark & 
Andersson (31) expressed the test-retest reliability of the 4 
parameters of the Wartenberg pendulum test in typically devel-
oping children with CVs (ranging from 3–47%), and reported 
that the relative swing time displayed the lowest CVs (3 and 
4% depending on the leg). Good to excellent reliability was 
found for all 13 variables measured with the 3D-pendulum test 
in both CP and able-bodied children (ICCs = 0.60–0.98) (34). 
Jobin & Levin (40) stated that the kinematics (velocity and 
angular displacement) and the elbow flexors EMG response 
onsets were highly reproducible for a given velocity of stretch 
(correlations between individual pairs of velocity and angle 
traces, r = 0.99–1.0); they also provided CVs for threshold 
angles and velocities at the fastest stretch (respectively 
1.2–37.0% and 3.6–31.4%) and wrote that similar stability 
of dynamic thresholds was found for each velocity of stretch. 
Finally, they observed good test-retest reliability for the SR 
threshold λ (ICC = 0.73).

Internal consistency. The initial Kuder-Richardson Formula 
20 (KR-20) for the spasticity items of the HAT demonstrated 
moderate internal consistency (α = 0.58), and elimination of 
Item 12 in the item reduction stage increased the internal 
consistency index (KR-20α = 1.0) (25).

Responsiveness
Only two studies evaluated the responsiveness of spasticity 
assessment tools in children and adolescents with CP, thus 
providing very limited evidence overall. Changes in scores 
were analyzed using a pre-/post-intervention design, but global 
ratings of change and responsiveness indices (such as effect 
size and standardized response mean) were not used. Precisely, 
Schmartz et al. (39) (first study) used one-tailed Wilcoxon 
signed rank test to determine statistical changes before and 
after a single session of robotic-assisted gait training and found 
significant decrease of muscle stiffness for 20 out of 24 hip and 
knee measurements with the L-STIFF (p < 0.01), with the most 
important reductions noted in the more severely disabled chil-
dren. According to the authors, almost all stiffness reductions 
can be considered real changes after the intervention because 
they exceeded the measurement error. Nordmark & Andersson 
(31) (second study) used paired two-tailed Student t-test and 
demonstrated significant improvements in all 4 parameters of 
the pendulum test 6 months after selective dorsal rhizotomy 
when compared to preoperative values (p < 0.001).

Administration burden
Administration burden refers to the time taken to complete an 
assessment or to analyze the results. No specific report on this 
characteristic was found for the spasticity assessment tools in-
cluded in this review, but two studies briefly tackled the question. 
It was mentioned that data acquisition with the myotonometer 
required less than 5 min (30), and that the myometer was simpler, 
cheaper, and required less time for data collection and analysis 
than a computer-controlled dynamometer (37).

DISCUSSION

This systematic review focused on evaluating the quality and 
content of the psychometric properties of spasticity assessment 
tools in children and adolescents with CP. To this end, validated 
critical appraisal scales were used to review the 19 studies 
that met the eligibility criteria. The methodological quality 
was moderate to adequate for the majority of the studies. The 
small sample size of all studies was the most limiting factor 
in terms of quality of study design. It is noteworthy that no 
study included had an excellent rating on the quality scale. The 
review comprised many types of tools, from ordinal clinical 
scales to biomechanical and neurophysiological tests. Thus, our 
systematic review provides a comprehensive and accurate view 
of the measurement properties of all those types of spasticity 
assessments in children and adolescents with CP.

Overall, the systematic review points out that little evidence 
exists on psychometric properties of spasticity assessment tools 
in the CP population. None of the reviewed tools demonstrated 
satisfactory results for all evaluated psychometric properties. 
Relative reliability was the most studied property, and for most 
tools, data on absolute reliability, validity and responsiveness 
were insufficient. The major lack of evidence concerns respon-
siveness that was addressed in only two studies. In addition, 
these two studies did not use global ratings of change, thus 
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only tested changes that were statistically significant, and did 
not inform on the sensitivity to changes ‘clinically significant’. 
Data are also missing for the administration burden of the tools.

Contrasting results have been observed for the relative reli-
ability of clinical ordinal scales such as the AS, MAS, TS and 
MTS, and mostly low to moderate ICCs were reported (17, 19, 
21). These rating scales are single item scales, which generate 
scores that are ordinal, not interval data. For example, a degree 
of spasticity described grade 3 on the MAS (considerable 
increase in muscle tone) is not necessarily three times greater 
than a grade 1 (slight increase in muscle tone), thus illustrating 
that the ranges between the scores are not in equal proportions 
(non-linear). Single item scales are often ambiguous because 
the actual ‘interval’ across the grades is not determined (42), 
thus these artificial ranges have an impact on reliability. 
Moreover, inappropriate mathematical manipulation of the 
ordinal data may provide statistical results that are misleading 
(43). Indeed, in the present review, studies about the ordinal 
AS, MAS, TS and MTS used ICCs, which is of concern be-
cause relative reliability of ordinal data should preferably be 
assessed with Kappa statistic (9). In addition, anatomical and 
biomechanical factors of muscles and joints seemed to have an 
impact on reliability, based on ICCs variations depending on 
the muscle groups tested (17, 21). Training of the raters also 
seemed to have an impact on reliability (22). The psychometric 
properties of these spasticity scales are also highly questioned 
in adult neurological populations and were even demonstrated 
to lack reliability and validity (24). As an example, Kumar et 
al. (44) concluded that the MAS is not a valid ordinal level 
measure of spasticity in patients with stroke. In fact, the sub-
stantial difficulties related to spasticity quantification may be 
due to the complex nature of spasticity itself. Poor validity thus 
arises because it is not obvious to represent such a complex 
construct with a single question ‘Rate the increase in muscle 
tone’ (42). Such ordinal scales might not be specific and ac-
curate enough to assess the neuromuscular characteristics of the 
spasticity phenomenon. In addition, there are no standardized 
guidelines for the use of these scales in clinical settings that 
would help reduce potential sources of misinterpretation and 
thus enhance fidelity (45). Therefore, additional psychometric 
studies are needed to assess whether these ordinal scales can 
provide valid information on the different spinal and cortical 
components of spasticity. The biomechanical and neurophysi-
ological tools such as the Pendulum test, the dynamometers, 
and the stretch reflex and EMG analyses did present higher 
relative reliability than previous ordinal scales. Finally, even if 
data on absolute reliability were missing, at that point, the only 
tools with acceptable response stability were the myometer and 
isokinetic dynamometer.

Data on all types of validity are currently missing. For known-
group validity, the Pendulum test and stretch reflex and EMG 
analyses were able to detect significant differences between CP 
and typically developing children. Otherwise, concerning conver-
gent construct validity and concurrent criterion validity, mostly 
moderate relations (0.5 <  r < 0.7) were observed when comparing 
data collected with different types of spasticity assessment tools, 

thus denoting that these tools were distinct from each other, but 
somewhat related to similar neuromuscular components.

As for responsiveness, the only information provided is 
that the Pendulum test and the L-STIFF detected statistically 
significant changes before and after an intervention aimed at 
reducing spasticity (31, 39). There is an evident need for studies 
with global ratings of change and with responsiveness indices 
(such as effect size or standardized response mean) to inform 
on the ability of spasticity assessment tools to detect clinically 
meaningful changes over time in the CP pediatric population.

In conclusion, a large number of spasticity assessment tools 
have been developed, each differing in terms of parameters and 
spasticity components measured. In a clinical setting, spasticity 
is still typically assessed by measuring the resistance to imposed 
passive movement of the limb through the available range of mo-
tion, as done with the MAS and MTS (21). These scales present 
however a substantial lack of good psychometrics. Indeed, the 
use of ordinal scales as outcome measures in research and clinical 
practice has come under increased scrutiny in recent years, and 
the suggestion that they give an outcome of poor accuracy and 
reliability is gaining support (42). Although there is currently in-
sufficient psychometric evidence to recommend one tool over the 
others, the present systematic review highlighted that the neuro-
physiological assessments of spasticity were the most promising 
in terms of reliability and discriminating validity. However, their 
applicability for clinical use remains an issue (cost, equipment, 
time required). Nevertheless, combining different tools with 
‘good to excellent’ psychometric properties might be a solution 
for a more complete portrait and more valid quantification of 
spasticity. For example, and on the basis of the present reviewed 
data, it would be interesting to evaluate the psychometrics of the 
combined recordings of EMG (stretch reflex, co-contractions, 
H-reflex), electrogoniometric (PROM, AOC) and myometric data 
(resistance to passive stretch), that could inform on instantane-
ous changes of muscular, neural and biomechanical components 
of spasticity. Given the importance of spasticity assessment for 
accurate evaluation of the functional capacity and appropriate 
intervention in children and adolescents with CP, studies with 
larger sample sizes are required to validate these tools in this 
specific pediatric population. Future research should also pursue 
the efforts to address all psychometric properties of spasticity 
assessment tools, with a special focus on responsiveness.

ACKNOWLEDGEMENTS

The authors gratefully thank Drs Jean-Sébastien Roy and Luc Noreau 
for constructive comments on a draft of the manuscript. Véronique H 
Flamand is supported by the Fonds de la Recherche en Santé du Québec 
(PhD studentship) and Hugo Massé-Alarie is supported by a PhD stu-
dentship from Université Laval (Faculty of Medicine and research funds 
from the senior author).

REFERENCES

1. Nielsen JB, Crone C, Hultborn H. The spinal pathophysiology of 
spasticity-from a basic science point of view. Acta Physiol (Oxf) 

J Rehabil Med 45



23Systematic review on spasticity assessment in cerebral palsy

2007; 189: 171–180.
2. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano 

D, et al. A report: the definition and classification of cerebral palsy 
April 2006. Dev Med Child Neurol Suppl 2007; 109: 8–14.

3. Hoare BJ, Imms C, Rawicki HB, Carey L. Modified constraint-
induced movement therapy or bimanual occupational therapy 
following injection of Botulinum toxin-A to improve bimanual 
performance in young children with hemiplegic cerebral palsy: a ran-
domised controlled trial methods paper. BMC Neurol 2010; 10: 58.

4. Engel-Yeger B, Jarus T, Anaby D, Law M. Differences in patterns 
of participation between youths with cerebral palsy and typically 
developing peers. Am J Occup Ther 2009; 63: 96–104.

5. Nadeau L, Tessier R. Social adjustment at school: Are children with 
cerebral palsy perceived more negatively by their peers than other 
at-risk children? Disabil Rehabil 2009; 31: 302–308.

6. Tilton A. Management of spasticity in children with cerebral palsy. 
Semin Pediatr Neurol 2009; 16: 82–89.

7. Platz T, Eickhof C, Nuyens G, Vuadens P. Clinical scales for the 
assessment of spasticity, associated phenomena, and function: a 
systematic review of the literature. Disabil Rehabil 2005; 27: 7–18.

8. Law M, MacDermid J. Evidence-based rehabilitation: a guide to 
practice. 2nd ed. Thorofare, NJ: Slack Inc.; 2008.

9. Portney LG, Watkins MP. Foundations of Clinical Research: Appli-
cations to practice. 3rd ed. New Jersey: Pearson Prentice Hall; 2009.

10. MacDermid JC, Walton DM, Avery S, Blanchard A, Etruw E, Mc-
Alpine C, et al. Measurement properties of the neck disability index: 
a systematic review. J Orthop Sports Phys Ther 2009; 39: 400–417.

11. Roy JS, Desmeules F, MacDermid JC. Psychometric properties of 
presenteeism scales for musculoskeletal disorders: a systematic 
review. J Rehabil Med 2011; 43: 23–31.

12. Roy JS, MacDermid JC, Woodhouse LJ. Measuring shoulder func-
tion: a systematic review of four questionnaires. Arthritis Rheum 
2009; 61: 623–632.

13. Roy JS, MacDermid JC, Woodhouse LJ. A systematic review of the 
psychometric properties of the Constant-Murley score. J Shoulder 
Elbow Surg 2010; 19: 157–164.

14. Forhan M, Vrkljan B, MacDermid J. A systematic review of the 
quality of psychometric evidence supporting the use of an obesity-
specific quality of life measure for use with persons who have class 
III obesity. Obes Rev 2010; 11: 222–228.

15. Rouleau DM, Faber K, MacDermid JC. Systematic review of patient-
administered shoulder functional scores on instability. J Shoulder 
Elbow Surg 2010; 19: 1121–1128.

16. Bohannon RW, Smith MB. Interrater reliability of a modified 
Ashworth scale of muscle spasticity. Phys Ther 1987; 67: 206–207.

17. Clopton N, Dutton J, Featherston T, Grigsby A, Mobley J, Melvin J. 
Interrater and intrarater reliability of the Modified Ashworth Scale 
in children with hypertonia. Pediatr Phys Ther 2005; 17: 268–274.

18. Alhusaini AA, Dean CM, Crosbie J, Shepherd RB, Lewis J. Evalu-
ation of spasticity in children with cerebral palsy using Ashworth 
and Tardieu Scales compared with laboratory measures. J Child 
Neurol 2010; 25: 1242–1247.

19. Yam WK, Leung MS. Interrater reliability of Modified Ashworth 
Scale and Modified Tardieu Scale in children with spastic cerebral 
palsy. J Child Neurol 2006; 21: 1031–1035.

20. Fosang AL, Galea MP, McCoy AT, Reddihough DS, Story I. Meas-
ures of muscle and joint performance in the lower limb of children 
with cerebral palsy. Dev Med Child Neurol 2003; 45: 664–670.

21. Mutlu A, Livanelioglu A, Gunel MK. Reliability of Ashworth and 
Modified Ashworth scales in children with spastic cerebral palsy. 
BMC Musculoskelet Disord 2008; 9: 44.

22. Gracies J, Burke K, Clegg NJ, Browne R, Rushing C, Fehlings D, et 
al. Reliability of the Tardieu Scale for assessing spasticity in children 
with cerebral palsy. Arch Phys Med Rehabil 2010; 91: 421–428.

23. Mackey AH, Walt SE, Lobb G, Stott NS. Intraobserver reliability 
of the modified Tardieu scale in the upper limb of children with 
hemiplegia. Dev Med Child Neurol 2004; 46: 267–272.

24. Haugh AB, Pandyan AD, Johnson GR. A systematic review of the 
Tardieu Scale for the measurement of spasticity. Disabil Rehabil 
2006; 28: 899–907.

25. Jethwa A, Mink J, Macarthur C, Knights S, Fehlings T, Fehlings 
D. Development of the Hypertonia Assessment Tool (HAT): a dis-
criminative tool for hypertonia in children. Dev Med Child Neurol 
2010; 52: e83–e87.

26. Poon DM, Hui-Chan CW. Hyperactive stretch reflexes, co-contrac-
tion, and muscle weakness in children with cerebral palsy. Dev Med 
Child Neurol 2009; 51: 128–135.

27. Levin MF, Hui-Chan C. Are H and stretch reflexes in hemiparesis re-
producible and correlated with spasticity? J Neurol 1993; 240: 63–71.

28. Leonard CT, Deshner WP, Romo JW, Suoja ES, Fehrer SC, Mikhailenok 
EL. Myotonometer intra- and interrater reliabilities. Arch Phys Med 
Rehabil 2003; 84: 928–932.

29. Leonard CT, Stephens JU, Stroppel SL. Assessing the spastic condi-
tion of individuals with upper motoneuron involvement: validity of 
the myotonometer. Arch Phys Med Rehabil 2001; 82: 1416–1420.

30. Aarrestad DD, Williams MD, Fehrer SC, Mikhailenok E, Leonard 
CT. Intra- and interrater reliabilities of the myotonometer when 
assessing the spastic condition of children with cerebral palsy. J 
Child Neurol 2004; 19: 894–901.

31. Nordmark E, Anderson G. Wartenberg pendulum test: objective quan-
tification of muscle tone in children with spastic diplegia undergoing 
selective dorsal rhizotomy. Dev Med Child Neurol 2002; 44: 26–33.

32. Wartenberg R. Pendulousness of the legs as a diagnostic test. Neuro-
logy 1951; 1: 18–24.

33. Katz RT, Rovai GP, Brait C, Rymer WZ. Objective quantification 
of spastic hypertonia: correlation with clinical findings. Arch Phys 
Med Rehabil 1992; 73: 339–347.

34. White H, Uhl TL, Augsburger S, Tylkowski C. Reliability of the 
three-dimensional pendulum test for able-bodied children and chil-
dren diagnosed with cerebral palsy. Gait Posture 2007; 26: 97–105.

35. Dvir Z, Bar-Haim S, Arbel N. Intertester agreement in static resist-
ance measurement using a simple uniaxial dynamometer. Physical 
& Occupational Therapy in Pediatrics 1990; 10: 59–67.

36. Pierce SR, Lauer RT, Shewokis PA, Rubertone JA, Orlin MN. Test-
retest reliability of isokinetic dynamometry for the assessment of 
spasticity of the knee flexors and knee extensors in children with 
cerebral palsy. Arch Phys Med Rehabil 2006; 87: 697–702.

37. Boiteau M, Malouin F, Richards CL. Use of a hand-held dynamom-
eter and a Kin-Com dynamometer for evaluating spastic hypertonia 
in children: a reliability study. Phys Ther 1995; 75: 796–802.

38. van den Noort JC, Scholtes VA, Harlaar J. Evaluation of clinical 
spasticity assessment in cerebral palsy using inertial sensors. Gait 
Posture 2009; 30: 138–143.

39. Schmartz AC, Meyer-Heim AD, Muller R, Bolliger M. Measurement 
of muscle stiffness using robotic assisted gait orthosis in children 
with cerebral palsy: a proof of concept. Disabil Rehabil Assist 
Technol 2011; 6: 29–37.

40. Jobin A, Levin MF. Regulation of stretch reflex threshold in elbow 
flexors in children with cerebral palsy: a new measure of spasticity. 
Dev Med Child Neurol 2000; 42: 531–540.

41. Kohan AH, Abootalebi S, Khoshnevisan A, Rahgozar M. Compari-
son of modified Ashworth scale and Hoffmann reflex in study of 
spasticity. Acta Med Iran 2010; 48: 154–157.

42. Hobart JC, Cano SJ, Zajicek JP, Thompson AJ. Rating scales as 
outcome measures for clinical trials in neurology: problems, solu-
tions, and recommendations. Lancet Neurol 2007; 6: 1094–1105.

43. Grimby G, Tennant A, Tesio L. The use of raw scores from ordinal 
scales: time to end malpractice? J Rehabil Med 2012; 44: 97–98.

44. Kumar RT, Pandyan AD, Sharma AK. Biomechanical measurement 
of post-stroke spasticity. Age Ageing 2006; 35: 371–375.

45. Pandyan AD, Johnson GR, Price CI, Curless RH, Barnes MP, Rodg-
ers H. A review of the properties and limitations of the Ashworth and 
modified Ashworth Scales as measures of spasticity. Clin Rehabil 
1999; 13: 373–383. 

J Rehabil Med 45


