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ABSTRACT

INTRODUCTION: The Modified Ashworth Scale is the most widely clinical scale used to measure the increase of muscle tone. Reliability is
not an immutable property of a scale and can vary as a function of the variability and composition of the sample to which it is administered.
The best method to examine how the reliability of a test scores varies is by conducting a systematic review and meta-analysis of the reliability
coefficients obtained in different applications of the test with the data at hand. The objectives of this systematic revision are: what is the mean
inter- and intra-rater reliability of the Modified Ashworth Scale’s scores in upper and lower extremities? Which study characteristics affect the
reliability of the scores in this scale?

EVIDENCE ACQUISITION: The PubMed, Embase and CINAHL databases were searched from 1987 to February 2015. Two reviewers inde-
pendently selected empirical studies published in English or in Spanish that applied the Modified Ashworth Scale and reported any reliability
coefficient with the data at hand in children, adolescents or adults with spasticity.

EVIDENCE SYNTHESIS: Thirty-three studies reported any reliability estimate of Modified Ashworth Scale scores (N.=1065 participants). For
lower extremities and inter-rater agreement, the mean intraclass correlation was ICC,=0.686 (95% CI: 0.563 and 0.780) and for kappa coef-
ficients, k,=0.360 (95% CI: 0.241 and 0.468); for intra-rater agreement: ICC,=0.644 (95% CI: 0.543 and 0.726) and «,=0.488 (95% CI: 0.370
and 0.591). For upper extremities and inter-rater agreement: ICC,=0.781 (95% CI: 0.679 and 0.853) and «,=0.625 (95% CI: 0.350 and 0.801);
for intra-rater agreement: ICC,=0.748 (95% CI: 0.671 and 0.809) and x,=0.593 (95% CI: 0.467 and 0.696). The type of design, the study focus,
and the number of raters presented statistically significant relationships with ICC both for lower and upper extremities.

CONCLUSIONS: Inter- and intra-rater agreement for Modified Ashworth Scale scores was satisfactory. Modified Ashworth Scale’ scores ex-
hibited better reliability when measuring upper extremities than lower. Several characteristics of the studies were statistically associated to inter-
rater reliability of the scores for lower and upper extremities.

(Cite this article as: Meseguer-Henarejos AB, Sanchez-Meca J, Lopez-Pina JA, Carles-Hernandez R. Inter- and intra-rater reliability of the Modified
Ashworth Scale: a systematic review and meta-analysis. Eur J Phys Rehabil Med 2018;54:576-90. DOI: 10.23736/S1973-9087.17.04796-7)
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Introduction

he Modified Ashworth Scale is the most widely clini-

cal scale used to measure the increase of muscle tone !
which is manifested by an increased resistance of joints
to passive movement.2 The increase of muscle tone can
be present in different pathologies such as stroke, multiple
sclerosis, spinal cord injury, traumatic brain injury, cere-
bral palsy and in other neurological conditions which can
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cause upper motor neuron lesions.3-7 If this muscle tone is
not treated it can imply a shortening of muscles and con-
nective tissue, and resulting in contractures and decreased
range of active and passive joint motion. Further, it is as-
sociated with abnormal posture, weakness, pain, fatigabil-
ity, pressure scores, sleep disturbances, decreased sense of
security, limited mobility, self-care and domestic life, and
diminished quality of life.8-12

This scale is applied manually to determine the per-
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ceived resistance of muscles while moving a joint through
its full range of movement. It is administered easily and
in a short-time, and do not need equipment to rate muscle
tone in clinical practice.!3-15

The Modified Ashworth Scale is commonly used for
obtaining baseline assessment of increased muscle tone,
monitoring the course of disease, determining the effec-
tiveness of pharmacologic and rehabilitation interventions
to reduce overall muscle tone elevation, normalizing tone
in selected muscle groups, and guiding physiotherapeutic
and other treatment decisions.!3. 16-18

From its original validation in the USA,! the Modi-
fied Ashworth Scale has been used to many cultures and
countries, such as Canada,20 UK,2! Belgium,?2 The Neth-
erlands,??> Germany,2¢ Switzerland,?5 Poland,?¢ Turkey,?’
Finland,28 Israel,?% Iran,30 Australia,3! and China.32. 33

To be useful, a measurement tool must have good psy-
chometric properties, such as reliability and validity. This
study is focused on the reliability of the Modified Ash-
worth Scale scores. As the Modified Ashworth Scale is ad-
ministered by a rater, its most important type of reliability
is the inter-rater and the intra-rater agreement. Inter-rater
reliability is obtained by applying the Modified Ashworth
Scale to a sample of participants by two or more indepen-
dent assessors. Intra-rater reliability is measured by having
an assessor to measure the same participants on different
occasions.

The reliability of the Modified Ashworth Scale was first
tested in 30 adult patients with central nervous system le-
sions (closed head injuries, stroke, and multiple sclerosis)
to calculate inter-rater reliability on the elbow flexor mus-
cles.! Furthermore, the inter- and intra-rater reliability of
the Modified Ashworth Scale has been studied in different
muscles and different pathologies of the central nervous
system, both in children and adult patients.!5. 25. 30, 34-36
These studies show a clear variation in both inter-rater and
intra-rater reliability estimates.

Reliability is not an immutable property of a scale, but
of the test scores applied to a given sample of participants
and in a specific setting. Reliability of test scores can vary
as a function of the variability and composition of the sam-
ple to which it is administered (e.g., clinical vs. nonclinical
population, age, gender and ethnic distribution, language,
test adaptation, etc.).37 As reliability can vary from one test
application to the next, the best method to examine how
the reliability of a test scores varies is by conducting a sys-
tematic review and meta-analysis of the reliability coef-
ficients obtained in different applications of the test with
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the data at hand. This kind of systematic review is usually
named reliability generalization meta-analysis.38

The objectives of this systematic revision are:

* to find what is the mean inter- and intra-rater reliabil-
ity of the Modified Ashworth Scale scores to measure the
muscle tone of upper and lower extremities.

+ to find which methodological and substantive charac-
teristics of the studies can affect the reliability coefficients
of the Modified Ashworth Scale scores.

Evidence acquisition
Study identification and selection

A literature search was undertaken to identify eligible
studies for the systematic review. The PubMed, Embase
and CINHAL databases were searched from 1987 (year
of the publication of the scale) to February 2015. In these
databases the sentence “Modified Ashworth Scale” was
searched for in the title and abstract. No search terms
were used for type of design or type of illness. The elec-
tronic search was complemented by checking the refer-
ence lists of included studies. The study selection pro-
cess was conducted by two assessors who independently
decided eligibility by titles and abstracts based on pre-
determined criteria. Where eligibility was unclear from
the title and abstract, the full-text version was obtained
and examined by both assessors. Disagreements were
resolved by consensus, with a third assessor consulted
when necessary.

To be included, the empirical studies (observational and
experimental) had to apply the Modified Ashworth Scale
to a sample of patients with spasticity, the patients had to
pertain to a clinical population (children, adolescents or
adults), and the study was required to be written in Eng-
lish or Spanish. Studies that applied any adaptation of the
original Modified Ashworth Scale were included. Unpub-
lished studies were also included. The studies had to report
any inter- or intra-rater reliability coefficient with the data
at hand.

Assessment of characteristics of selected studies

Methodological and substantive characteristics of the
studies were extracted in order to examine the potential in-
fluence of moderator variables on the reliability estimates.
The following methodological variables were coded: test
version (original vs. adapted version), type of design (ob-
servational vs. experimental), study focus (psychometric

577



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT®2018 - EDIZIONI MINERVA MEDICA

MESEGUER-HENAREJOS

vs. applied), sample size, previous training of the raters
with the Modified Ashworth Scale (yes vs. no), raters ex-
perience with the Modified Ashworth Scale (yes vs. no, and
number of months), inter-rater interval (in days), number
of raters, and number of replies. The following substan-
tive variables were coded: age of the sample (coded as the
mean in years and distinguishing between adults vs. chil-
dren and adolescents), standard deviation of age (years),
country and continent where the study was conducted,
gender distribution (% male), target population (clinical
vs. nonclinical), type of illness, extremities assessed (up-
per vs. lower), history of illness (mean and SD in years),
training of the raters (physical therapist, physician, etc.),
year of study, and publication source (published vs. un-
published).

Statistical analysis

To assess the reliability of the data extraction process, two
raters independently coded the characteristics of all stud-
ies that fulfilled the selection criteria. For categorical mod-
erator variables Cohen’s kappas were calculated, whereas
for the continuous ones intraclass correlations were com-
puted. Regarding categorical variables, Cohen’s kappas
ranged from 0.41 to 1, with a mean of 0.84+0.19, whereas
intraclass correlations calculated for continuous variables
ranged from 0.68 to 1, with mean of 0.9540.10. Inconsis-
tencies between the raters were resolved by consensus.
Due to the specific nature of Modified Ashworth Scale,
only agreement indices were included in the meta-analysis.
In particular, the following types of reliability coefficients
were extracted from the studies: intraclass, Pearson, Spear-
man, and Kendall’s tau-b correlations, as well as weighted
and unweighted Cohen’s kappa coefficients, and squared
weighted kappa. In addition, these reliability estimates
were separately grouped depending on the inter-rater or
intra-rater nature of the calculations. The different reliabil-
ity coefficients were translated into Fisher’s Z in order to
normalize its distribution and stabilize the variances.
Separate meta-analyses were carried out for the different
agreement coefficients. However, due to the wide variety
of reliability coefficients found in the studies, intraclass,
Pearson, Spearman, and squared weighted kappa coeffi-
cients were integrated into the same meta-analysis, as they
can be considered as comparable coefficients.3® Cohen’s
kappas, both weighted and unweighted, were included in
the same meta-analysis. In addition, separate meta-analy-
ses were carried out for the reliability coefficients obtained
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from upper and lower extremities, as the literature shows
evidence that reliability can be different for different ex-
tremities. Thus, a total of six meta-analyses were planned
for each type of extremity (upper and lower extremities):
three meta-analyses for reliability estimates obtained from
inter-rater agreement (intraclass correlations, Cohen’s
kappas, and Kendall’s tau-b coefficients), and another
three meta-analyses from intra-rater agreement.

Meta-analyses were done by assuming a random-effects
model, so that each reliability estimate was weighted by its
inverse variance, the variance of each coefficient being the
sum of the within-study variance and the between-studies
variance. Previous to meta-analytic integration, the indi-
vidual reliability coefficients, », were translated into the
Fisher’s Z by means of:

Z.=0.5Ln[(1+7)/(1-7)]

with Ln being the natural logarithm. The within-study
variance of each coefficient transformed to Fisher’s Z was
obtained by:

V(Z)=1/(n-3)

n being the sample size of the study. The between-studies
variance was estimated by the DerSimonian and Laird’s
method. For each meta-analysis a weighted mean reliabil-
ity coefficient was calculated, as well as a 95% confidence
interval and heterogeneity statistics (Cochran’s Q statis-
tic and /2 index). In order to facilitate the interpretation of
the results, once statistical integration was carried out the
Fisher’s Zs were back transformed to the reliability coef-
ficient metric, by means of:

F= (22— 1)/ (22 +1)

with e being the base of the natural logarithms.40 In order
to determine whether publication bias might be a threat to
the validity of the meta-analytic results, funnel plots with
the Duval and Tweedie’s#! trim-and-fill imputation method
were applied, as well as Egger tests.4

The meta-analysis with the largest number of reliabil-
ity estimates was that of intraclass correlations obtained
from inter-rater agreement, both for lower and upper ex-
tremities. Thus, analyses of moderator variables that can
explain heterogeneity among the reliability estimates were
conducted for these two datasets. For qualitative modera-
tor variables, weighted ANOVAs were applied, with the
Qg statistic testing the significance of differences among
the mean reliability coefficients of the different catego-
ries of the moderator. For continuous moderator variables,
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simple meta-regressions were applied, with a Z statistic
enabling us to test the significance of the moderator on
the reliability estimates. In all cases mixed-effects mod-
els were assumed and the model misspecification was as-
sessed with the Oy, and O, statistics for the ANOVAs and
meta-regressions, respectively. The proportion of variance
accounted for by each moderator variable was estimated
by means of the R? index.43-45 The statistical analyses were
conducted with the Comprehensive Meta-analysis statisti-
cal software v. 3.0.40

Evidence synthesis

Figure 1 presents a flowchart describing the selection pro-
cess of the studies that met selection criteria. Electronic da-
tabases consulted gave a total of 1066 references screened
for their potential inclusion in the systematic review. In to-
tal, 642 references were empirical studies that applied the
Modified Ashworth Scale. The remaining references were
systematic reviews and meta-analyses, theoretical reviews
of the literature, posters published in scientific journals,
studies not written in English or Spanish, studies that did
not apply the Modified Ashworth Scale, but did apply the
Ashworth Scale or the Modified Ashworth Scale, study
protocols, studies with animals, and a duplicated study.

Out of 636 references that applied the Modified Ash-
worth Scale only 33 studies (5.5%) reported some reliabil-
ity estimate with the data at hand, !4 15, 19, 21-26,29-33, 34-36,47-60
the remaining 603 inducing it from previous references.
These figures implied a dramatically large reliability in-
duction rate for the Modified Ashworth Scale of 94.17%.
The 33 studies that reported some reliability estimate con-
stituted the database for this systematic review and meta-
analysis.

Table I presents the characteristics of the studies. Some
included inter- and intra-rater reliability,!- 30 whereas oth-
ers reported inter-rater reliability 19 47 or intra-rater reli-
ability only.35: 48 With the exception of an N.=1 study,*’ the
sample sizes of studies ranged from 6 50.51 to 93.20

The samples included patients with very different di-
agnoses. Some studies included patients with pathologies
that course with spasticity, such as cerebral palsy,?o 33
stroke,52. 61 traumatic brain injury,33: 34 spinal cord inju-
ry,36. 53 or cerebral hypoxia.54 55 Others included patients
with profound intellectual and multiple disabilities.23 Most
included patients with the same pathology,24 39 although
some had samples of patients with different patholo-
gies.19.30
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Records identified Additional records identified

through database > through other sources
searching: (N.=0)
(N.=1998)
PubMed=699
Embase=920 > Records after duplicates removed

CINAHL=379

!

Records screened:
(N.=1066)

!

Full-text articles assessed
for eligibility:

(N.=932)

Records excluded
(N.=424)

Y

Full-text articles excluded,
with reasons (N.=6)

Y

(N-=642) - It did not work with persons, but with
mannequins (N.=1)
- It used the 18 items MAS version (N.=1)
- It reported a reliability coefficient for
the Modified Ashworth scale in an only
occasion, whereas the 36 patients were
measured in two different occasions
N=1)
- It excluded because it did not report a
point reliability estimate (N.=3)
Y
Empirical studies that applied o | Excluded for inducing reliability:
the Modified Ashworth scale: (N.=603)
(N.=636)
Studies that fulfilled
all of the selection criteria:
(N.=33)

Figure 1.—Flow of studies through the systematic review.

Both upper and lower extremities and many different
muscles have been assessed with the Modified Ashworth
Scale. Some studies focused on only one muscle, such as
the elbow flexors,!% 52 knee extensors,*8 or ankle plantar
flexors,3+ 5¢ whereas others examined several types of
muscles in the upper,?2 57 lower 36 58 or in both extremi-
ties.25, 58

Mean reliability and heterogeneity

The 33 studies that reported at least a reliability estimate
of the Modified Ashworth Scale gave 38 independent sam-
ples based on a total sample of 1065 participants (mean
sample size=28+19.2). The studies reported different
agreement reliability coefficients. Separate meta-analyses
were conducted as a function of the extremities assessed
(upper vs. lower), type of reliability (inter- vs. intra-rater),
and type of reliability coefficient (intraclass vs. Cohen’s
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TABLE L.—Summary of included studies.

RELIABILITY OF THE MODIFIED ASHWORTH SCALE

Reliabilit . . . Age (years) ) ~ Time since
Study YN Diagnosis Setting 8¢ Ly Joint/muscles injury (months)
examined Mean+SD M
ean+SD
Allison et al. (1996) 34 Inter-rater 30 Traumatic brain Healthcare 28.3+10.8  Ankle plantar flexor 56.60+48.90
Intra-rater injury Rehabilitation Center
Ansari ef al. (2008) 30 Inter-rater 30 Traumatic brain University 59.4+14.0 Shoulder adductors NA
Intra-rater injury Elbow flexors
Stroke Wrist flexors
Hip adductors
Knee extensors
Ankle plantar flexors
Bar-Haim et al. (2007)2°  Inter-rater 78 Cerebral palsy Outpatient rehabilitation ~ 9.5+43.8  Hip extensors NA
Intra-rater clinics Knee extensors
Bohannon ez al. (1987) 1  Inter-rater 30 Traumatic brain Outpatient rehabilitation  59.3£17.6  Elbow flexor NA
injury center
Stroke
Multiple sclerosis
Cheng et al. (2015) 35 Intra-rater 10 Cerebral palsy Local hospital 9.7+1.7  Knee extensors NA
Special education school
Clopton et al. (2005) 5° Inter-rater 17 Cerebral palsy Outpatient rehabilitation 7.0 Elbow flexors NA
Intra-rater Developmental center Hip adductors
delay Knee quadriceps
Traumatic brain Knee gastrocnemius
injury Ankle soleus
Craven et al. (2010) 36 Inter-rater 20 Spinal cord injury  Tertiary academic 38.9+13.6 Hip adductors, abductors 106.7+£96.0
Intra-rater rehabilitation center Knee quadriceps,
hamstrings
Ankle plantar flexors,
dorsiflexors
Fasoli et al. (2008) 4° Intra-rater 12 Cerebral palsy Outpatient Rehabilitation 6.6 Shoulder adductors 6.0
Hospital Elbow flexor, extensor,
pronator, supinator
Wrist flexors, extensors
Fasoli et al. (2008) 57 Intra-rater 1 Cerebral palsy Outpatient Rehabilitation Shoulder adductors NA
Hospital Elbow flexor, extensor,
pronator, supinator
Wrist flexors, extensors
Fosang et al. (2003) 31 Inter-rater 18 Cerebral palsy Outpatient clinic 6.3 Hip adductors NA
Intra-rater Local special school Knee hamstrings
Ankle gastrocnemius
Fragala et al. (2002) 58 Inter-rater 7 Cerebral palsy Outpatient rehabilitation 6.7 Hip flexors, extensors, NA
hospital adductors
Knee flexors, extensors
Ankle plantar flexors
Gregson et al. (1999) 52 Inter-rater 32 Stroke Acute stroke University 74 Elbow flexors 1.6
Intra-rater hospital
Gregson et al. (2000) ! Inter-rater 35 Stroke Acute stroke University 73 Elbow flexors 1.3
Intra-rater hospital Wrist flexors
Knee flexors
Ankle plantar flexors
Haas et al. (1996) 53 Inter-rater 30 Spinal cord injury ~ Outpatient rehabilitation 40.3 Hip flexors, extensors, 17.2
center adductors
Ankle plantar flexors
Hagenbach ez al. (2007) 25 Inter-rater 22 Spinal cord injury ~ Outpatient hospital 40.9 Shoulder adductors, 133
abductors
Elbow flexors, extensors
Wrist flexors, extensors
Hip flexors, extensors
Knee flexors, extensors
Hesse et al. (2003) 24 Inter-rater 12 Stroke Community 63.6 Elbow flexors 9.3
rehabilitation center Wrist flexors
Fingers flexors
(To be continued)
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TABLE L.—Summary of included studies (continues).
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Reliability . . . Age (years) ) ~ Time since
Study f N. Diagnosis Setting Joint/muscles injury (months)
examined Mean+SD MeantSD
can:
Kaya et al. (2011) 47 Inter-rater 64 Stroke Outpatient rehabilitation  60.5+11.9 Elbow flexors 39
clinic
Klingels et al. (2010) 22 Inter-rater 30 Cerebral palsy University Hospital 10.542.6  Shoulder flexors, NA
Intra-rater 23 NA adductors, abductors
Elbow flexors, extensors
Wrist flexors, extensors
Pronators, supinators
Liet al. (2014) 6! Inter-rater 51 Stroke Inpatients rehabilitation ~ 59.0+14.6 Elbow flexors 3.744.3
Intra-rater hospital Ankle plantar flexors
Mehrholz et al. (2005) 54 Inter-rater 50 Traumatic brain Early rehabilitation 58.2+14.1 Shoulder extensors, 2.1+£1.1
Intra-rater injury center internal rotators
Stroke Elbow flexors, extensors
Cerebral hypoxia Wrist flexors, extensors
Hip flexors, extensors
Knee flexors, extensors
Ankle plantar flexors
Mehrholz et al. (2005) 55 Inter-rater 30 Traumatic brain Rehabilitation center 63.9+£12.9 Shoulder extensors 2.6+3.1
Intra-rater injury Elbow flexors
Stroke Wrist flexors
Cerebral hypoxia Knee flexors
Ankle plantar flexors
Motl et al. (2006) 5¢ Inter-rater 27 Multiple sclerosis ~ University 44.9+8.3  Ankle plantar flexors 99.6+68.4
Mutlu et al. (2008) 15 Inter-rater 30 Cerebral palsy University 4.4+1.6  Hip flexors, adductors, NA
Intra-rater internal rotators
Knee flexors
Ankle plantar flexors
Numanoglu et al. (2012)48  Intra-rater 37 Cerebral palsy University 9.0+4.4  Elbow flexors NA
Wrist flexors
Hip adductors
Knee flexors
Ankle plantar flexors
Salem et al. (2010) 5! Intra-rater 6 Cerebral palsy University 6.5+2.5  Ankle plantar flexors NA
Sloan et al. (1992) 2! Inter-rater 34 Traumatic brain Rehabilitation medicine ~ 58.8+17.8 Elbow flexors, extensors NA
injury unit, hospital Knee flexors, extensors
Stroke
Smith et al. (2002) 14 Inter-rater 23 Spinal cord injury  Tertiary care outpatient ~ 33.4£12.5 Knee flexors, extensors 29.8+43.2
and inpatient
spinal cord injury
rehabilitation center
Tederko et al. (2007) 26 Inter-rater 30 Spinal cord injury  Acute rehabilitation 339 Shoulder, elbow, wrist, 4.0
Intra-rater center fingers, hip, knee,
ankle (does not specify
muscles)
Waninge et al. (2011) 23 Inter-rater 23 Profound NA 335 Upper and low limbs (does NA
Intra-rater 35  intellectual NA not specify muscles)
and multiple
disabilities
Yam et al. (2006) 32 Inter-rater 17 Cerebral palsy Department of 7.8 Hip adductors NA
Physiotherapy Ankle plantar flexors
and Pediatrics and
Adolescent Medicine
in Hospital
Kelly et al. (2008) 60 Inter-rater 10 Cerebral palsy Outpatient clinic 4.1£1.2  Knee flexors NA
Ankle plantar flexors
Kim et al. (2011) 50 Inter-rater 6 Cerebral palsy Rehabilitation Medicine  12.544.1  Elbow (NA) NA
Department, Clinical
Center
Allison et al. (1995) 33 Intra-rater 34 Traumatic brain Healthcare 30.3+10.8  Ankle plantar flexors 45.6
injury Rehabilitation Center
NA: not available.
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kappa). Thus, a total of eight meta-analyses were conduct-
ed. Kendall’s tau-b coefficients were reported in only two
and three studies for upper and lower extremities, respec-
tively. The small number of this type of coefficients did
not enable us to conduct meta-analyses.

Table II presents the results of each of the eight meta-
analyses conducted. Regarding lower extremities, 13 stud-
ies reported some kind of intraclass correlation from inter-
rater agreement, with a mean coefficient of ICC,=0.686
(95% CI: 0.563 and 0.780) and a large heterogeneity
(17=068.1%). Figure 2 presents a forest plot of these coef-
ficients. The eight studies that reported some kappa co-
efficient for inter-rater reliability (Figure 3) exhibited a
mean coefficient of k.=0.360 (95% CI: 0.241 and 0.468)
and a null heterogeneity (/?=0%). In 12 studies an intra-
class correlation obtained from intra-rater agreement was
reported (Figure 4). This meta-analysis presented a mean
coefficient of 1CC,=0.644 (95% CI: 0.543 and 0.726),
very similar to that obtained from inter-rater agreement.
The heterogeneity exhibited by these coefficients was me-
dium (/2=42.5%). Finally, seven studies reported some
kappa coefficient from intra-rater agreement (Figure 5).
The mean kappa coefficient was «,=0.488 (95% CI: 0.370
and 0.591) and the coefficients exhibited a null heteroge-
neity (/2=0%).

Regarding upper extremities, Table I shows that 11
studies reported some kind of intraclass correlation from
inter-rater agreement. Figure 6 presents a forest plot with
these intraclass correlations, that exhibited a mean coef-
ficient of ICC,=0.781 (95% CI: 0.679 and 0.853) and a
large heterogeneity (/2=69.8%). Six studies that reported
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Statistics for each study
niractass | oyer Upper

Intraclass correlation and 95% CI

Study name

correlation

0.727
0.460
0.445
0.620
0.940
0.765
0.500
0.760
0.741
0.450
0.560
0.895
0.540
0.686

limit
0.862
0.770
0.755
0.790 —
0.975
0.941
0.683
0.885
0.869
0.684
0.766

limit
0,497
-0.027
-0.028
0.361
0.859
0.261
0.257
0.534
0.519
0.132
0.250
0.765 0.955
0.080 0.810
0.563 0780

Allison et al. (1996)*
Clopton et al. (2005)*
Fosang et al. (2003)'
Gregson et al. (2000)*
Hagenbach et al. (2007)*
Kelly et al. (2008)®
Mehrholz et al. (2005)*
Motl et al. (2006)*
Mutlu et al. (2008)"®
Sloan etal. (1992)*'
Tederko et al. (2007)%®
Waninge et al. (2011)®
Yam & Leun (2006)*
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Figure 2.—Forest plot of the intraclass correlation coefficients obtained
from inter-rater reliability estimates for lower extremities.

Kappa and 95% CI

Statistics for each study
Study name Kappa L
e r ower Upper
coefficient "o limit

Allison et al. (1996)* 0.397 0.043 0.663 — e
Ansari et al. (2008)* 0.520 0.197 0.741 —_—
Craven & Morris (2010)* 0.278 -0.188 0.642
Gregson et al. (2000)' 0.178 -0.165 0.483 @
Haas et al. (1996)™ 0.370 0.011 0.644 r
Lietal. (2014)”' 0.480 0.236 0.667 ——
Mehrholz et al. (2005)>* 0.253 -0.118 0.562 7.
Smith et al. (2002)" 0.230 -0.201 0.587 °

0.360 0.241 0.468 P

-1.00 -0.50 0.00 0.50 1.00

Figure 3.—Forest plot of the kappa coefficients obtained from inter-rater
reliability estimates for lower extremities.

some kappa coefficient for inter-rater agreement (Figure 7)
presented a mean coefficient of k,=0.625 (95% CI: 0.350
and 0.801) and a large heterogeneity (/2=83.4%). In 11
studies an intraclass correlation obtained from intra-rater
agreement was reported (Figure 8). This meta-analysis ob-

TABLE Il.—Synthesis of the reliability estimates obtained from the different inter- and intra-coder agreement methods.

Type of reliability N. Min. Max. Mean 95% CI (range) Q P value I2
Lower extremities
Inter-rater reliability:
Intraclass correlation 13 0.445 0.940 0.686 0.56-0.78 37.62 <0.001 68.1
Cohen’s kappa 8 0.178 0.520 0.360 0.24-0.47 4.32 0.742 0.0
Intra-rater reliability:
Intraclass correlation 12 0.428 0.920 0.644 0.54-0.73 19.14 0.059 42.5
Cohen’s kappa 7 0.330 0.594 0.488 0.37-0.59 1.83 0.934 0.0
Upper extremities
Inter-rater reliability:
Intraclass correlation 11 0.510 0.940 0.781 0.68-0.85 33.17 <0.001 69.8
Cohen’s kappa 6 0.307 0.880 0.625 0.35-0.80 30.09 <0.001 83.4
Intra-rater reliability:
Intraclass correlation 11 0.490 0.880 0.748 0.67-0.81 15.77 0.106 36.6
Cohen’s kappa 4 0.438 0.690 0.593 0.47-0.70 3.24 0.357 7.3

N.: number of studies; Min
I2: heterogeneity index.

. minimum reliability coefficient; Max.: maximum reliability coefficient; Q: Cochran’s statistic to test the null hypothesis of homogeneity;
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Statistics for each study Intraclass correlation and 95% CI
Study name niraclass Lower Upper
correlation limit  limit
Allison & Abraman (1995)% 0.718 0.502 0.850 o
Allison et al. (1996)** 0.646 0.372 0.816 —10—
Clopton et al. (2005)® 0.656 0.256 0.864 ——
Cheng etal. (2015)* 0.920 0.690 0.981 —e
Fosang et al. (2003)°' 0.506 0.051 0.787 —_—
Gregson et al. (2000)' 0.735 0.532 0.858 —0-
Mehrholz et a/. (2005)* 0.500 0.257 0.683
Mutlu et al. (2008)" 0.545 0.230 0.757
Numanoglu & Gunel (2012)* 0.428 0.121 0.660
Salem et al. (2010)°' 0.810 -0.005 0.978
Tederko et al. (2007)* 0.490 0.158 0.723 ——
Waninge et al. (2011)* 0.813 0.658 0.902 —&
0.644 0.543 0726 L 4
1.00 -0.50 0.00 050 1.00

Intraclass correlation and 95% Cl

Statistics for each stud
niraclass

Study name Lower Upper
correlation  jimit limit
Clopton et al. (2005)* 0.790 0.499 0.921 —eo—
Gregson et al. (1999)% 0.840 0.695 0.919 -@
Gregson et al. (2000)' 0.865 0.747 0.930 @
Hagenbach et al. (2007)® 0.940 0.859 0.975 o
Hesse et al. (2003)* 0.820 0.465 0.948 —e
Klingels et al. (2010)a? 0.691 0.440 0.842 —@—
Klingels et al. (2010)b® 0.691 0.390 0.859 —+-o—
Mehrholz et al. (2005)* 0.510 0.270 0.690
Sloan et al. (1992)*' 0.710 0.489 0.845
Tederko et al. (2007)*° 0.560 0.250 0.766
Waninge et al. (201 1)@ 0.894 0.763 0.954 -
0.781 0.679 0853 <

-1.00 -0.50 0.00 0.50

=)
S

Figure 4—Forest plot of the intraclass correlation coefficients obtained
from intra-rater reliability estimates for lower extremities.

Figure 6.—Forest plot of the intraclass correlation coefficients obtained
from inter-rater reliability estimates for upper extremities.

stud Statistics for each study Kappa coefficient and 95% Cl
u name appa
— cootficent over Upper
Allison et al. (1996)* 0.490 0.158 0.723 ——
Ansari et al. (2008)° 0.540 0.223 0.754 ——
Craven & Morris (2010)* 0.594 0.205 0.821 JR PN
Fragala et al. (2002)* 0.575 -0.314 0.927
Gregson et al. (2000)' 0.330 -0.004 0.598 @
Li etal. (2014)*' 0.480 0.236 0.667
Mehrholz et al. (2005)* 0.530 0.210 0.748

0.488 0.370 0.591

-1.00 -0.50 0.00 0.50 1.00

Kappa coefficientand 95% CI

i for each study
Study name Kappa Lower Upper
coefficient ;i jimit
Ansari et al. (2008)® 0.510 0.183 0.735

Gregson et al. (2000)' 0.488 0.185 0.706 ()
Kaya et al. (2011)* 0.880 0.809 0.926
Kim et al. (2011)% 0.646 -0.348 0.956
Li etal. (2014)° 0.660 0.470 0.792
Mehrholz et al. (2005)* 0.307 -0.060 0.601
0.625 0.350 0801

-1.00 -0.50 0.00 050 1.00

Figure 5.—Forest plot of the kappa coefficients obtained from intra-rater
reliability estimates for lower extremities.

tained a mean coefficient of ICC,=0.748 (95% CI: 0.671
and 0.809), like that obtained from inter-rater agreement.
Heterogeneity exhibited by these coefficients was medium
(17=36.6%). Finally, only four studies reported some kappa
coefficient from intra-rater agreement (Figure 9), with a
mean of k,=0.593 (95% CI: 0.467 and 0.696) and a low
heterogeneity (12=7.3%).

Analysis of publication bias

In order to examine whether publication bias might con-
found the mean reliability coefficients obtained in the dif-
ferent meta-analyses, Egger tests and funnel plots with
the trim-and-fill method were applied. Table III presents
the results of applying the Egger test to each of the eight
meta-analyses. The absence of statistical significance for
the intercept in all is reason to discard publication bias. In
addition, funnel plots were constructed and the trim and
fill method for imputing missing values developed by Du-
val and Tweedie was applied.4! Figure 10A-D, for lower
extremities, and Figure 11A-D, for upper ones, present
the funnel plots for each of the eight meta-analyses. Apart
from two cases, the trim and fill method did not impute

Vol. 54 - No. 4

Figure 7.—Forest plot of the kappa coefficients obtained from inter-rater
reliability estimates for upper extremities.

Statistics for each stud Intraclass correlation and 95% CI
niraclass

Lower Upper

Study name

correlation limit  limit —le—
Clopton et al. (2005)* 0.580 0.138 0.829 —e
Fasoli et al. (2008)* 0.880 0.618 0.966
Fasoli et al. (2008)” 0.880 -0.526 0.997 &
Gregson et al. (1999)% 0.830 0.677 0.914 -
Gregson et al. (2000)’ 0.823 0.675 0.907 —o-
Klingels et al. (2010)a* 0.746  0.528 0.872 —&—
Klingels et al. (2010)b% 0.746 0.482 0.886 &
Mehrholz et al. (2005)* 0.727 0.562 0.836 10—
Numanoglu & Gunel (2012)* 0.615 0.363 0.783 ——
Tederko et al. (2007)® 0.490 0.158 0.723
Waninge et al. (2011)% 0.853 0.726 0.924 -

0.748  0.671 0809 L J
-1.00 -0.50 0.00 050 1.00

Figure 8.—Forest plot of the intraclass correlation coefficients obtained
from intra-rater reliability estimates for upper extremities.

Statistics for each study Kappa coefficientand 95% Cl

Study name Kappa Lower Upper
coefficient . . -
limit  limit
Ansari et al. (2008)® 0.640 0.364 0.813
Gregson et al. (2000)" 0.438 0.123 0.673
Li et al. (2014)%' 0.690 0.512 0.811 @
Mehrholz et al. (2005)* 0.518 0.194 0.740
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-1.00 -0.50 0.00 0.50 1.00

Figure 9.—Forest plot of the kappa coefficients obtained from intra-rater
reliability estimates for upper extremities.
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TABLE IIl.—Results of the Egger tests applied to each of the eight
meta-analyses to examine publication bias.

Type of reliability N. b, SE t DF P value
Lower extremities
Inter-rater reliability:
Intraclass correlation 13 2.040 2310 0.88 11  0.396
Cohen’s kappa 8 -2.343 1.802 -130 6 0.241
Intra-rater reliability:
Intraclass correlation 12 1.729 1297 133 10 0.212
Cohen’s kappa 7 0739 0.757 098 5 0374
Upper extremities
Inter-rater reliability:
Intraclass correlation 11~ 4.080 2.575 1.58 9 0.147
Cohen’s kappa 6 -2973 3.034 -098 4 0.382
Intra-rater reliability:
Intraclass correlation 11 0.480 1.274 0.38 9 0.715
Cohen’s kappa 4 -4507 4.101 -1.10 2 0.386

N.: number of studies: by: intercept of the unweighted simple regression of the
standard error of reliability estimates on the reliability estimates; SE: standard
error of by; #: statistic for testing the statistical significance of by; DF: degrees of
freedom of the ¢ statistic.

RELIABILITY OF THE MODIFIED ASHWORTH SCALE

values to give symmetry to the funnel plot, meaning that
publication bias can be discarded as a threat to the meta-
analytic results. The only two cases in which the trim and
fill method imputed three and two values, respectively,
were in the meta-analyses for lower extremities with intra-
rater intraclass correlations and Cohen’s kappas. In both
cases, however, the impact of adding missing values on
the mean reliability was negligible. Therefore, publication
bias can be discarded as a threat against the meta-analytic
results.

Analysis of moderator variables

Of the four meta-analyses conducted for lower extremities,
that with the largest number of studies and which exhib-
ited heterogencous reliability coefficients was intraclass
correlations from inter-rater agreement. Thus, a search for
moderator variables was carried out to explain at least part
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Figure 10.—A) Funnel plot with the trim-and-fill method of the intraclass correlation coefficients obtained from inter-rater reliability estimates for
lower extremities. B) Funnel plot with the trim-and-fill method of the kappa coefficients obtained from inter-rater reliability estimates for lower
extremities. C) Funnel plot with the trim-and-fill method of the intraclass correlation coefficients obtained from intra-rater reliability estimates for
lower extremities. D) Funnel plot with the trim-and-fill method of the kappa coefficients obtained from intra-rater reliability estimates for lower

extremities.
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Figure 11.—A) Funnel plot with the trim-and-fill method of the intraclass correlation coefficients obtained from inter-rater reliability estimates for
upper extremities. B) Funnel plot with the trim-and-fill method of the kappa coefficients obtained from inter-rater reliability estimates for upper
extremities. C) Funnel plot with the trim-and-fill method of the intraclass correlation coefficients obtained from intra-rater reliability estimates for
upper extremities. D) Funnel plot with the trim-and-fill method of the kappa coefficients obtained from intra-rater reliability estimates for upper

extremities.

of the heterogeneity of the reliability estimates. Regard-
ing upper extremities, an analysis of potential moderator
variables was also done for intraclass correlations under
inter-rater agreement.

Table IV presents the weighted ANOVAs conducted
for the qualitative moderator variables on intraclass cor-
relations obtained when using the MAS to assess lower
extremities. The type of design exhibited a statistical-
ly significant relationship with intraclass correlations
(P=0.002, R?=0.61), the experimental studies showing a
larger mean reliability (ICC,=0.940) than the observa-
tional ones (ICC,=0.644). However, this result must be
interpreted cautiously, as only one study applied an ex-
perimental design, the remaining being observational.
Classifying the studies as a function of its psychometric
versus applied focus, also reached a statistically significant
result (P=0.014, R?=0.42), the applied studies showing a
larger mean reliability (ICC,=0.856) than that of psycho-
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metric (ICC,=0.624). It is worth noting that the type of
design and the study focus exhibited a large collinearity
(9=0.527). The remaining moderator variables presented
in Table III did not reach a statistically significant relation-
ship with intraclass correlations.

To examine the influence of continuous moderator vari-
ables, simple meta-regressions were applied. Table V pres-
ents the results of these analyses. Of the nine moderator
variables analyzed, the number of raters reached a nega-
tive, statistically significant relationship with intraclass
correlations (P=0.031, R?=0.29), so that the larger the
number of raters used in the study the lower the intraclass
correlation. In addition, the standard deviation of the age
presented a negative, statistically significant relationship
with reliability (P=0.017, R?=0.99); this result must be in-
terpreted very cautiously due to the small number of stud-
ies on which it was based (6 only). None of the remaining
variables reached statistical significance.
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TABLE IV.—Results of the ANOVAs for the qualitative methodologi-
cal and substantive moderator variables on intraclass correla-
tions obtained from inter-rater reliability in lower extremities.

Moderator variable N. Mean 95% CI (range) ANOVA results
Test version Qg(1)=1.36, P=0.243
Original version 7 0.619 0.41t00.77 R>=0.0
Adapted version 6 0.749 0.58t00.85 Qu(11)=35.13, P<0.001
Type of design Qg(1)=9.91, P=0.002
Observational 12 0.644 0.54t00.73 R=0.61
Experimental 1 0940 0.82t00.98 Qu(11)=20.30, P=0.041
Study focus Qg(1)=6.04, P=0.014
Psychometric 10 0.624 0.491t00.73 R?=0.42
Application 3 0.856 0.71t00.93 Qw(11)=24.61, P=0.010
Experience with Qp(2)=0.45, P=0.797
MAS R2=0.0
Yes, all 2 0.636 0.26t00.84  Qu(2)=3.15, P=0.207
Yes, someone 1 0.460 -0.11 to 0.80
No 2 0.610 0.37t00.77
Continent Qp(3)=1.22, P=0.749
Asia 1 0.540 -0.24t0 0.90 R>=0.0
Europe 7 0.720 0.55t00.83 Qw(9)=35.01, P<0.001
North America 4 0.694 0.411t00.85
Oceania 1 0.445 -0.35t00.87
Target population Qp(2)=1.42, P=0.492
Children and 5 0.605 0.31t00.79 R>=0.0
adolescents Qw(10)=35.33, P<0.001
Adults 7 0.741 0.58t0 0.84
Both 1 0.560 -0.12to 0.88

N.: number of studies in each category; Qg: between-category statistic to test the
mean intraclass correlations; Qy,: total within-category statistic to test the model
misspecification; R?: proportion of variance explained by the moderator variable.
It was not possible to analyze the experience with MAS because of not having
sufficient data.

TABLE V.—Results of the simple meta-regressions applied on the
continuous moderator variables for intraclass correlations ob-
tained from inter-rater reliability in lower extremities.

Moderator variable N. b; Z  Pvalue Qg R2
Methodological variables:
Raters experience, months 6 0.001 1.17 0243 248 0.0
Inter-rater interval, days 9-0.025 -0.29 0.769 26.48** 0.0
Number of raters 13 -0.146 -2.16 0.031 27.60** 0.29
Number of replies 11 0.017 022 0.828 36.41** 0.0
Substantive variables:
Mean age of the sample, 11 0.0006 0.10 0.921 28.58** 0.0
years
SD of the age, years 6-0.034 -240 0.017 217 099
Gender, % male 12 0.004 090 0.366 27.81*%* 0.0
Mean disorder history, years 6 0.002  0.46 0.642 19.60** 0.0
Publication year 13 0.031 1.67 0.094 30.59%* 0.15

N.: number of studies; b;: regression coefficient of the moderator variable;
Z:= statistical test of by; éE: residual heterogeneity statistic to test the model
misspecification; R?: proportion of variance explained by the moderator variable.
*P<0.05; **P<0.01.

RELIABILITY OF THE MODIFIED ASHWORTH SCALE

Regarding upper extremities, Table VI presents the
weighted ANOVAs conducted for the qualitative modera-
tor variables on inter-rater intraclass correlations for the
Modified Ashworth Scale. The type of design exhibited a
marginally statistically significant relationship with intra-
class correlations (P=0.060, R?=0.31), with the experimen-
tal studies showing a larger mean reliability (ICC,=0.906)
than the observational ones (ICC,=0.748). However, it is
worth pointing out that the type of design was confounded
with the study focus, as seen in Table VI. Therefore, these
results must be interpreted cautiously. None of the remain-
ing moderator variables included in Table V reached sta-
tistical significance.

The results of applying simple meta-regressions for
continuous moderator variables are presented in Table VII.
The number of raters reached a negative, statistically sig-
nificant relationship with intraclass correlations (P=0.041,
R?=0.35), so that the larger the number of raters used in
the study the lower the intraclass correlation. None of the
remaining variables reached statistical significance.

TABLE VI.—Results of the ANOVAs for the qualitative methodo-
logical and substantive moderator variables on intraclass corre-
lations obtained from inter-rater reliability in upper extremities.

Moderator variable N. Mean 95% CI (range) ANOVA results
Test version Qp(1)=0.28, P=0.599
Original version 4 0.810 0.64 to 0.90 R=0.0
Adapted version 7 0.763 0.62t00.86 Qw(9)=30.30, P<0.001
Type of design Qp(1)=3.53, P=0.060
Observational 9 0.748 0.641t00.83 R>=0.31
Experimental 2 0906 0.76t00.97 Qw(9)=23.78, P=0.005
Study focus Qp(1)=3.53, P=0.060
Psychometric 9 0.748 0.64t00.83 R=0.31
Application 2 0906 0.76t00.97 Qw(9)=23.78, P=0.005
Previous training Qp(1)=0.05, P=0.828
with MAS R>=0.0
Yes 4 0.718 0.56t00.83  Qy(4)=8.58,P=0.072
No 2 0.691 0.42t00.85
Experience with Qg(1)=0.13, P=0.722
MAS R?=0.0
Yes, someone 1 0.790 -0.73 t0 0.99
No 1 0510 -0.881t00.99
Continent Q5(2)=0.003, P=0.957
Europe 10 0.781 0.67 to 0.86 R=0.0
North America 1 0790 0.24t00.96 Qw(9)=33.10, P<0.001
Target population Qp(2)=2.29, P=0.319
Children and 3 0.724 0.441t00.87 R?=0.0
adolescents Qw(8)=27.45, P=0.001
Adults 7 0.823 0.71t0 0.89
Both 1 0.560 -0.09to 0.88

N.: number of studies in each category; Qg: between-category statistic to test the
mean intraclass correlations; Qy,: total within-category statistic to test the model
misspecification; R?: proportion of variance explained by the moderator variable.
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TABLE VIL.—Results of the simple meta-regressions applied on the
continuous moderator variables for intraclass correlations ob-
tained from inter-rater reliability in upper extremities.

Moderator variable N. b Z Pvalue Qg R2
Methodological variables
Inter-rater interval, days 7 0.542 195 0.051 14.33* 0.41
N. of raters 10 -0.164 -2.04 0.041 21.52** 0.35
N. of replies 9 0.029 0.31 0.759 27.10%* 0.0
Substantive variables
Mean age of the sample, years 8 0.001 0.19 0.849 24.51*%* 0.0
Gender, % male 9 0.008 0.86 0.389 26.36** 0.0
Mean disorder history, years 6 0.053 131 0.191 20.38** 0.14
Publication year 11 0.0009 0.04 0.967 33.13** 0.0

N.: number of studies; b;: regression coefficient of the moderator variable;
Z: statistical test of b;; Qg: residual heterogeneity statistic to test the model
misspecification; R?: proportion of variance explained by the moderator variable.
It was not possible to analyze the raters experience nor the standard deviation of
age because of not having sufficient data.

*P<0.05; **P<0.01.

Discussion

Reliability is not an invariant property of a measurement
tool, but changes as a function of study characteristics,
such as sample composition and variability.62-64 There is
an extended practice among researchers of inducing reli-
ability of test scores from previous applications of the test
(e.g., from the original validation study). This erroneous
practice, named “reliability induction,” ¢5 does not con-
sider that reliability can change from one test application
to the next. Against this practice, it is advising researchers
to report reliability estimates of test scores with the data
at hand, although the focus of the study was not psycho-
metric.6¢

This school of thought has favored carrying out numer-
ous reliability generalization meta-analyses aimed at in-
vestigating how the reliability of test scores varies in dif-
ferent test applications and which factors can explain that
variability. This investigation is the first systematic review
and meta-analysis about the inter- and intra-rater reliabil-
ity of the Modified Ashworth Scale scores. This research is
important as clinicians and researchers need measurement
tools capable of accurately assessing muscle tone in pa-
tients with upper motor neuron lesions and evaluating the
success or failure of rehabilitative interventions.34

Our results point toward the existence of a satisfactory
mean reliability of the Modified Ashworth Scale scores,
both for inter- and intra-rater agreement. Following Bren-
nan and Silman,’ intraclass correlations under 0.5, be-
tween 0.5 and 0.75, and over 0.75, can be interpreted as
reflecting a low, moderate, and high reliability, respec-
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tively. Thus, the mean intraclass correlations obtained for
lower extremities in our meta-analysis exhibited a moder-
ate magnitude (ICC,=0.686 and 0.644 for inter- and intra-
rater reliability, respectively), and a high magnitude for
upper extremities (ICC,=0.781 and 0.748, respectively).
Regarding Cohen’s kappa, Portney and Watkins proposed
interpreting the clinical significance of kappa coefficient
following this guide:%8 poor (<0.21), fair (0.21-0.40), mod-
erate (0.41-0.60), good (0.61-0.80), and very good (0.81-
1.00). Thus, in our meta-analysis mean kappas were of fair
to moderate relevance for inter- and intra-rater reliability
with lower extremities (k,=0.360 and 0.488, respectively),
and good to moderate for upper extremities (x,=0.625 and
0.593, respectively). Our results in Table II also show evi-
dence that the Modified Ashworth Scale scores exhibited
better reliability for upper than for lower extremities. One
possible explanation is that the lower limbs have great-
er length and overall muscle mass than the upper limbs,
which makes them weigh more. The weight of the lower
limbs being greater than the upper limbs may affect reli-
ability in the sense that handling and testing is more dif-
ficult.59. 69

Table II also presents evidence of larger reliability co-
efficients when using intraclass correlations than for Co-
hen’s kappas, both with upper and lower extremities and
for inter- and intra-rater agreement. In general, the inter-
rater reliability appears to be slightly better than the intra-
rater one.

Our results also provide evidence that for lower extrem-
ities, intraclass correlations exhibited moderate to large
heterogeneity, unlike Cohen’s kappa which did not. Re-
garding upper extremities, intraclass correlations also ex-
hibited moderate to large heterogeneity, as well as Cohen’s
kappas obtained from inter-rater agreement.

Several characteristics of the studies were statistically
associated to intraclass correlations both for lower and up-
per extremities: type of design, study focus, and number
of raters. Thus, experimental studies and those with an ap-
plied focus presented better reliability than observational
and psychometric studies. It is likely that experimental
and applied studies have a better control of confounding
variables to accurately interpret treatment effectiveness.3!
These results must be interpreted very cautiously due to
the small number of experimental studies and also be-
cause for upper extremities these two moderator variables
reached marginal significance only (P=0.060). In addition,
our results found that the larger the number of raters, the
lower the reliability. An explanation for this result can be
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found in the absence of a standardized protocol when the
Modified Ashworth Scale is applied, such as test position,
number of repetitions, right-left test order in case of bilat-
eral involvement, testing time (morning or afternoon), etc.
When a protocol for administering the Modified Ashworth
Scale is missing, then poorer reliability will be expected as
the number of raters increases.47- 52

The standard deviation of age also showed a statistical
association with intraclass correlations for lower extremi-
ties, therefore the larger the standard deviation, the lower
the reliability. This result has no tentative explanation and
must be interpreted cautiously due to the small number of
studies on which this result is based (six studies only).

Limitations of the study

Our study has several limitations. First, the small number of
studies that reported any reliability estimate with the data at
hand limited the generalizability of the results. In particu-
lar, the small number of reliability coefficients negatively
affected the scope of our analyses of moderator variables.
A larger number of studies reporting reliability estimates
might have enabled us to propose a predictive model, by
means of weighted multiple regression, to at least explain
a satisfactory proportion of reliability coefficient’s vari-
ability. Another limitation was the wide range of reliability
coefficients reported in the studies (intraclass correlations,
weighted and unweighted Cohen’s kappas, squared weight-
ed kappas, Pearson correlations, etc.). This circumstance
led us to combine different, but similar, types of agreement
coefficients in the same meta-analysis. To normalize the
distribution of reliability coefficients and stabilize their
variances, Fisher’s Z transformation was applied for all
types of reliability coefficients. From an analytic point of
view, instead of transforming kappa coefficients to Fisher’s
Z, it might be advisable to integrate them without using any
transformation, but with their own values and the corre-
sponding sampling variance. This strategy was not possible
to apply as the studies did not report the statistical data
needed to calculate the sampling variance of kappa coeffi-
cient.”0 Finally, the poor reporting of several characteristics
in the studies limited the possibility of their analysis.

Conclusions

In general, inter- and intra-rater reliability of Modified
Ashworth Scale scores was moderate to high. Reliabil-
ity seemed to be better when measuring upper extremi-
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ties than lower ones. On average, intraclass correlations
seemed to be better than Cohen’s kappas, both for inter-
and intra-rater agreement. Several study characteristics of
the studies were statistically associated to intraclass cor-
relations both for lower and upper extremities: the type of
study, the study focus, and the number of raters.
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