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Abstract

Background In multiple sclerosis (MS), the impact of spasticity on the patient’s life is a key issue, and it is fundamental that
existing tools measuring the patient’s perspective undergo psychometric analysis and refinement to optimize confidence in
their use in clinical practice and research.

Objective We examined—Dby Rasch analysis (RA)—the main metric characteristics of the 88-item Multiple Sclerosis Spas-
ticity Scale (MSSS-88) to: (i) further validate its Italian version (MSSS-88-1T), previously validated through classical test
theory methods only and (ii) independently verify the measurement properties of the original scale.

Methods MSSS-88 data from a convenience sample of 232 subjects with MS underwent RA, mainly examining item fit,
reliability indices, test information function, dimensionality, local item independence, and differential item functioning (DIF).
Results Most items fitted the Rasch model, but 13/88 items showed a misfit in infit and/or outfit values. Rasch reliability
indices were high (> 0.80). Test information functions in most subscales showed a sharp decrease in measurement precision as
the ability level departs from the quite limited central range of maximal information. The unidimensionality of each subscale
was confirmed. Thirteen item pairs showed local dependency (residual correlations > 0.30) and three items presented DIF.
Conclusion Reliability, dimensionality and some internal construct validity characteristics of the MSSS-88-IT were con-
firmed. But, drawbacks of the original MSSS-88 emerged related to some item misfit, redundancy, or malfunctioning. Thus,
further large independent studies are recommended, to verify the robustness of previous findings and examine the appropri-
ateness of a few targeted item replacements.

Keywords Psychometrics - Rasch model - Patient-reported outcome measure - Spasticity - Multiple sclerosis

Introduction

Spasticity is one of the most common disabling symptoms
of multiple sclerosis (MS), and its severity increases as the
disease progresses [1].This symptom is characterized by a
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lower legs, which produces impairment of walking ability
and balance [2, 3] and has a marked negative impact on
the patient’s well-being and quality of life [4]. In clinical
trials on MS and therapeutic interventions, the patient’s
own perspective on the impact of spasticity on their life is
widely considered to be a key outcome [5]. Hence, the meas-
urement of the patient’s experiences and perceptions is of
vital importance in their clinical management, and patient-
reported outcome measures have been indicated as a key tool
for measuring treatment benefit (or risk) in medical product
clinical trials [6].

To investigate the perceived impact of spasticity on the
patient’s life, an 88-item patient-reported outcome measure
has been developed, the Multiple Sclerosis Spasticity Scale
(MSSS-88) [7]. The MSSS-88 quantifies the perceived bur-
den of spasticity in three main domains (spasticity-specific
symptoms, physical functioning, and psychosocial impact),
with a total of eight subscales [7]. The original version of
the MSSS-88 (developed according to Rasch measurement
principles) has been demonstrated to be a reliable and valid
interval-level measure of the impact of spasticity in MS [7],
and the scale has been used in several clinical studies [8—13].
Serbian [14], German [15] and Italian [16] versions of the
scale have been developed, each version demonstrating its
own reliability and validity when analyzed by classical the-
ory test (CTT) methods.

However, the only study [17] that—to our knowledge—
replicated a Rasch analysis (RA) of the MSSS-88 subscales
reported a series of psychometric flaws. Thus, a further RA
of the MSSS-88 seems indicated to ensure more confident
use of the scale in clinical practice and research. The aim
of this study was: (a) to perform a secondary psychometric
validation (through RA) of the Italian version of the MSSS-
88, so far analyzed only by CTT [16] and (b) to indepen-
dently verify (in a different dataset and applying additional
analyses) the original findings by Hobart et al. on the meas-
urement properties of the scale.

Methods
Subjects

From January 2008 to March 2014, all patients with a clini-
cal diagnosis of MS with spasticity, aged over 18 years,
who accessed the day-hospital rehabilitation service of the
Department of Clinical Sciences and Translational Medi-
cine of the Tor Vergata Polyclinic Foundation in Rome,
Italy, were recruited for this study. Exclusion criteria were
problems with reading and understanding the Italian lan-
guage and the presence of severe cognitive or communica-
tion impairments. Further details on the study methodol-
ogy (including the enrolment procedure) are available in
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the previous report on validation of the Italian version of
MSSS-88 [16]. Patients were recruited by the participating
physicians at the time of their regular visit if they met the
inclusion criteria. This paper is a secondary study of a pre-
vious research, which was carried out with ethical approval
of the local institutional review board [11].Written signed
informed consent was obtained from all participants.

Outcome measure

The MSSS-88 [7] is a patient-reported outcome measure
designed to quantify the impact of spasticity on the MS
patient’s life. It is composed of 88 items subdivided into
eight subscales: three concerning spasticity-specific symp-
toms (‘muscle stiffness’: 12 items; ‘pain and discomfort’: 9
items; ‘muscle spasms’: 14 items), three concerning physical
functioning (‘activities of daily living’: 11 items; ‘walking’:
10 items; ‘body movements’: 11 items), and two concerning
the psychosocial impact (‘emotional health’; 13 items; and
‘social functioning’: 8 items). Each item is rated on a 4-level
Likert scale, from 1 (not at all bothered) to 4 (extremely
bothered). The validated Italian version of the MSSS-88 [16]
was administered to all patients immediately before the start
of their day-hospital physical therapy program.

Statistical analysis

Descriptive statistics were used to describe the characteris-
tics of the sample; continuous variables were expressed as
mean + standard deviation, categorical variables as absolute
frequency and percentage, and ordinal variables as median
and 25th and 75th percentiles. RA was performed on the
matrix of item responses for each subscale of the MSSS-88
(rating scale model), using Winsteps software analysis pro-
gram, version 3.69.1.96 [18]. RA is a statistical methodol-
ogy to test whether the properties of a questionnaire comply
with a wide range of psychometric requirements (assessment
of response format, item content, appropriate targeting, uni-
dimensionality, etc.) which cannot be analyzed using CTT
techniques [19]. An unconditional maximum likelihood
estimation procedure was performed to estimate the model
parameters. The steps of analysis were as follows:

Rating scale diagnostics First, we investigated whether
each of the rating scale categories was being used in the
expected manner, using the following criteria suggested
by Linacre [20]: (1) at least 10 observations per category;
(2) monotonic increase in both average measures across
rating scale categories and thresholds (the average meas-
ure for a category is the average ability of the people
who respond in that category; thresholds, also known as
step calibrations, are the points at which the probability
of a response in one or another of 2 adjacent categories
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is equally likely, i.e., they represent the transition from
one category to the next; (3) threshold differences > 1
and <5 logits; and (4) category outfit mean-square val-
ues (MnSq) < 2.

Item fit statistics Item validity was assessed by evaluat-
ing the fit of individual items to the latent trait as per the
Rasch model and examining whether the pattern of item
difficulties was consistent with the model expectancies
[19]. Information-weighted (infit) and outlier-sensitive
(outfit) MnSq for each item were calculated. Infit val-
ues are based on the information-weighted Chi square
statistics (i.e., each observation is weighted by its sta-
tistical information); conversely, outfit values are based
on outlier-sensitive Chi square statistics (more sensitive
to unexpected responses to items that are far from the
respondent’s measure level) [21].Given the sample size,
we considered MnSq>0.75 and < 1.30 as an indicator
of acceptable fit [18]. Items outside this range were con-
sidered underfitting (MnSq > 1.30 suggested the pres-
ence of an expectedly high variability) or overfitting
(MnSq <0.75 indicated a too predictable pattern).
Reliability was evaluated in terms of separation, defined
as the ratio of the true spread of the measures with
their measurement error [21, 22], in order to determine
whether each subscale of MSSS-88 could divide the
studied sample into different levels of spasticity. Along
the measurement construct, the item separation index
gives an estimate (in SE units) of the spread or separa-
tion of items, whereas the person separation index gives
an estimate of the spread of persons. A separation of 2.0
is considered good [22], and a related index is the reli-
ability of these separation indices, providing the degree
of confidence that can be placed in the consistency of the
estimates (range 0—1; coefficients > 0.80 are considered
good and > 0.90 excellent) [21].

Targeting and test information function Targeting was
addressed informally comparing the distribution of the
person parameter estimates together with the distribu-
tion of the item thresholds (on the person-item map). The
test information function was calculated to examine the
amount of information (degree of measurement precision)
yielded by the test at any person-ability level along the
latent variable (i.e., how well the test is estimating abil-
ity over the whole range of ability scores). The Fisher
information value is independent of the particular patient
sample undergoing the test.

Dimensionality and local dependence A principal com-
ponent analysis (PCA) on the standardized residuals was
performed to analyze: (1) the proportion of variance
attributable to both the Rasch factor and the first residual
factor (as a further confirmation of the unidimensional-
ity of each subscale). The following criteria were used
to determine whether additional factors were likely to be

present in the residuals: a cut-off of 50% of the variance,
explained by the Rasch factor, and eigen value of the first
residual factor smaller than 3; and (2) the local inde-
pendence of items. Large positive correlations of Rasch
residuals for 2 items (usually above 0.30) indicates that
they may not be locally independent, either because they
duplicate some feature of each other or because they both
incorporate some other shared dimension [18].
Differential item functioning (DIF) DIF analysis was
carried out to examine the stability of item hierarchy
and difficulty across each of the following subsamples:
males vs. females; younger vs. older subjects (split at the
sample median age of 46 years). DIF in each subsample
was investigated separately, calibrating the scale for each
group, to obtain an estimate of the item difficulties in
each group, using as anchor values the person calibra-
tions on the full sample, and then performing pairwise
t-tests between the two sets of item difficulties (two
sided, ¢ =0.05 with Bonferroni’s correction). The gen-
eral ‘a-priori’ hypothesis was to not find DIF between the
analyzed groups (apart from possible minor differences
attributable to typical gender- or age-related characteris-
tics, such as in household chores).

Results
Sample characteristics

The study sample consisted of 232 patients with definite
diagnosis of MS. Their main demographic and clinical char-
acteristics are reported in Table 1.

Rasch analysis

The 4-level rating scale fulfilled the category functioning
criteria in terms of monotonic increase in both average
measure for categories and their related thresholds. Moreo-
ver, each threshold difference was between 1 and 5 logits and
the category outfit mean-square values were always lower
than 2. Item fit statistics showed that most items of each
of the eight MSSS-88 subscales fitted the respective meas-
ure constructs. Just 1-2 items for each subscale were either
under fitting (MnSq > 1.3) or overfitting (MnSq <0.75) in
infit and/or outfit values (Tables 2, 3, 4, 5). In detail: (a)
nine items showed an underfit (i.e., they elicited some unex-
pected responses), of which four had infit values (those more
sensitive to unexpected responses on items that are near the
person’s ability level) < 1.40 and (b) four items were overfit-
ting in both fit values.

When underfitting persons with infit and/or outfit MnSq
higher than 2.0 (5-9% of the sample, in the different sub-
scales) were temporarily excluded from the computation
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Table 1 Main demographic and

.. o Characteristics Mean+SD Frequency (%) Median
clinical characteristics of the (25th—75th percentile)
sample (N=232)

Age (years) 453+11.2
Sex
Female 134 (57.8%)
Male 98 (42.2%)
Disease type
Relapsing-remitting 140 (57.8%)
Secondary progressive 63 (26.1%)
Primary progressive 39 (16.1%)
Duration of symptoms (years) 11.4+9.8
Time since MS diagnosis (years) 82+7.8
EDSS score 3.5(1.04.5)
Modified Ashworth Scale at lower 3.1(1.0-7.8)
limbs (0-24%)
Educational level
No formal education 2 (0.9%)
Primary 2 (0.9%)
Secondary 62 (26.7%)
High school 142 (61.2%)
University degree 24 (10.3%)
Employment
Employed 156 (67.2%)
Not employed 36 (15.5%)
Retired 40 (17.3%)
Marital status
Married 142 (61.2%)
Unmarried 90 (38.8%)

SD standard deviation, EDSS Expanded Disability Status Scale, MS multiple sclerosis

424 = highest spasticity level

(because they create more noise than information), all
underfitting items maintained their underfit except the one
in walking subscale.

Table 6 shows for each of the eight MSSS-88 subscales:
(a) person ability (mean and range); (b) the span of item
difficulty, which ranged from 1.78 logits (walking) to 4.03
logits (muscle spasms), and the item threshold values; and
(c) the reliability indices: in particular, the item separation
reliability spanned from 0.95 to 0.99 and the person separa-
tion reliability from 0.82 to 0.91.

The graphs related to test information function for each
subscale are shown in the Online Appendix. The maximum
value of the test information function was acceptable but
not high (around 5, equivalent to a classical test theory
reliability estimate of about 0.80) in 6 out of the 8 MSSS-
88 subscales, i.e., all but ‘emotional health’ and ‘muscle
spasms’ where that value was about 7 and 8, respectively.
All functions were bell-shaped, with a peak in the cen-
tral area (mostly, from — 1 to 1 of person ability, 0). As
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the ability levels moved towards the two extremes of each
subscale, there was a rather sharp decline in information
with a corresponding significant increase of the standard
error of the ability estimates.

As for dimensionality and local dependence, the PCA
of standardized residuals showed that:

(1) the variance explained by RA in the different subscales
of the MSSS-88 ranged from 50.1% (muscle spasms) to
63.8% (walking).The unexplained variance in the first
contrast was below 10%, and the corresponding eigen
values ranged from 1.8 to 2.4 in all subscales except
emotional health, which showed an unexplained vari-
ance of 11.2% in the first contrast, with an eigen value
of 3.3.

(2) six out of the eight subscales had at least a couple of
locally-dependent items, i.e., displaying positive cor-
relations of their residuals > 0.30 (range 0.31-0.66)
(Tables 2, 3, 4, 5).
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Table 2 Summary of Rasch analysis related to “muscle stiffness” and “pain and discomfort” subscales, containing item-difficulty measures (with

standard error, SE), fit information, and local dependence between items

Item number and label Measure (SE) Fit (MnSq) Local item
dependence
Infit Outfit
Muscle stiffness subscale
1. Stiffness when walking? —1.07 (0.11) 1.01 0.97 2 (0.66)
2. Stiffness anywhere in your lower limbs? —1.10 (0.11) 0.82 0.77 1 (0.66)
3. Stiffness when you are in the same position for a long time? —0.70 (0.11) 0.88 1.01
4. Stiffness first thing in the morning? 0.12 (0.11) 1.06 1.09
5. Tightness anywhere in your lower limbs? -0.32(0.11) 0.89 0.85
6. Your lower limbs feeling rigid? —1.04 (0.11) 0.57 0.57
7. Stiffness when standing up? —0.06 (0.11) 0.82 0.86
8. Tightness in your muscles? —0.19 (0.11) 1.00 1.02
9. Stiffness that is unpredictable? 0.40 (0.11) 1.15 1.11
10. Feeling that your muscles are pulling? 0.17 (0.11) 1.19 1.22
11. Stiffness in your whole body? 1.95 (0.12) 1.20 1.21 12 (0.50)
12. Your whole body feeling rigid? 1.83 (0.12) 1.49 1.62 11 (0.50)
Pain and discomfort subscale
13. Feeling restricted and uncomfortable? —1.01 (0.10) 1.59 1.59
14. Feeling uncomfortable sitting for a long time? —0.17 (0.11) 1.11 1.24
15. Painful or uncomfortable spasms? 0.26 (0.11) 0.89 0.85
16. Pain when in the same position for too long? —0.57 (0.10) 0.76 0.75
17. Feeling uncomfortable lying down for a long time? 0.33(0.11) 0.89 0.86 18 (0.31)
18. Difficulties finding a comfortable position to sleep in bed? 0.30 (0.11) 1.17 1.09 17 (0.31)
19. Pain in the muscles on getting out of bed in the morning? 0.10 (0.11) 0.88 0.92
20. Pain in the muscles provoked by movement? —0.09 (0.10) 0.82 0.79
21. Constant pain in the muscles? 0.84 (0.12) 0.90 0.85

The higher the item measure (from negative to positive values), the more difficult that item was for the group to endorse (i.e., more nega-
tive measure =higher scores and more frequently bothering the patient; more positive measure =lower scores and less frequently bothering the
patient). The misfitting items are in bold (underfit) or italics (overfit). In the “Local Item Dependence” column, the correlated item and the

degree of correlation of the residuals are reported

Finally, in general, the items did not show DIF apart
from: (i) item 3 ‘stiffness when you are in the same position
for a long time’ (muscle stiffness subscale) between males
and females; (ii) item 37 ‘Doing housework such as cook-
ing or cleaning’ (activities of daily living subscale) between
males and females; and (iii) item 85 ‘feeling reluctant to go
out’ (social functioning subscale) between younger and older
persons (borderline difference).

In the Online Appendix, for each subscale there is a graph
showing the conversion function between raw scores and
corresponding Rasch measures, with their error estimate.

Discussion

Spasticity is one of the most common physical signs and
symptoms experienced by people with MS. The presence
of spasticity can significantly impair motor performance,
functional activities and participation [4]. As such, the
treatment of this symptom represents an important

therapeutic target, and an accurate measurement of spas-
ticity (and its impact on functions) is crucial to assess the
effectiveness of treatment [23, 24].

The MSSS-88 was developed in 2006 to examine the
impact of spasticity on quality of life in people with MS,
and to evaluate their subjective perception of the impact
of spasticity on different clinical areas, including both
physical and psychological [7].The scale’s validation was
performed using RA, a relatively modern psychometric
technique for developing and refining rating scales and
questionnaires with sound measurement properties. To the
best of our knowledge, only one study [17] replicated the
RA of the MSSS-88 subscales, reporting a series of psy-
chometric flaws, even though the global performance was
generally good. The flaws, unfortunately, were not exam-
ined in detail and only briefly discussed. The present study
provides a further replication of RA of the MSSS-88, to
both verify the results of the previous studies [7, 17] and
gather new elements for further refinement of the scale.

@ Springer
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Table 3 Summary of Rasch

’ Item number and label Measure (SE)  Fit (MnSq) Local item
analysis of the “Ir}gsc}e ———————  depend-
spasms” and “activities Infit ~ Outfit
of daily living” subscales,
containing itv.sm—difﬁculty Muscle spasms subscale
rsngfsgiel; IE(‘)’EE; ;?rid;‘;g fgi‘; 22. Spasms that come on unpredictably? —0.95(0.11) 096 098 23 (0.40)
dependence between items 23. Powerful or strong spasms? -0.20(0.12) 1.07 0.9 22 (0.40)

24. Spasms when first getting out of bed in the morning?  —0.18 (0.12) 0.90 0.72 25(0.42)

25. Spasms provoked by changing positions? -0.36(0.12) 0.75 0.76 24 (0.42)

26. Spasms provoked by movement? —0.66 (0.11) 0.80 0.82

27. Spasms where your leg kicks out in front of you? -0.69 (0.11) 124 1.23

28. Spasms provoked by certain positions? —-0.68 (0.11) 0.50 0.51

29. Spasms disturbing sleep? -0.05(0.12) 137 1.58

30. Spasms when doing certain tasks? -0.59(0.11) 0.75 0.77

31. Spasms when traveling over bumps or cobbles? 0.20(0.13) 1.14 1.17

32. Spasms where your knees pull up? 048 (0.14) 1.15 0.88

33. Spasms causing legs to hit things? 0.51(0.14) 125 1.15

34. Spasms provoked by touch? 0.70 (0.13) 1.65 1.67

35. Spasms pushing you out of a chair or wheelchair? 3.08(0.34) 128 0.78

Activities of daily living subscale

36. Putting on your socks or shoes? -0.73(0.12) 1.54 1.61

37. Doing housework such as cooking or cleaning? -0.90(0.12) 133 1.35

38. Getting in and out of a car? -1.12(0.12) 0.79 0.77

39. Getting in and out of shower and/or bath? -1.11(0.12) 0.86 0.89

40. Sitting up in bed? -0.56 (0.12) 0.78 0.80 41 (0.44)
42 (0.33)

41. Getting into or out of bed? —-0.08 (0.13) 091 0.86 40 (0.44)

42. Turning over in bed? 0.38(0.13) 1.06 1.05 40 (0.33)

43. Getting into or out of a chair? 0.47 (0.13) 0.81 0.77

44. Getting dressed or undressed? 0.68 (0.13) 0.77 0.76

45. Getting on or off the toilet seat? 0.99 (0.13) 091 0.87

46. Drying yourself with a towel? 1.98 (0.14) 136 1.25

For details, see caption of Table 2

We used the Italian version of the MSSS-88. This ver-
sion was obtained according to well-established interna-
tional guidelines [25], involving forward/backward trans-
lations, discussion with experts, and cognitive debriefing.
In our previous study [16], we had validated the MSSS-88
using factor analysis (to determine its dimensionality), and
CTT methods, which examined its properties of internal
consistency (Cronbach’s alpha and item-total correlation)
and validity (correlation with other widely-used and well-
respected measurement tools). In each MSSS-88 subscale,
a good internal consistency and criterion-related validity
were found, as well as an acceptable unidimensionality, as
expected given the thorough methodology used for their
construction. In line with the statement by the scale crea-
tors specifying that each subscale represents a stand-alone
measurement instrument [7], in the present study RA was
performed on each MSSS-88 subscale, for an additional
detailed analysis of: scale diagnostics (category function-
ing), internal construct validity, reliability issues, scale
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dimensionality, local independence of items, and DIF. We
think that our results provide useful indications for refining
the measurement properties of the questionnaire.

As a first step, we examined whether rating scale catego-
ries were being used in the expected manner [20]. According
to RA diagnostics, respondents were able to correctly dis-
cern between the four response categories of the question-
naire. Each category was well defined, mutually exclusive,
sufficiently univocal and exhaustive. This result confirmed
the findings of the original study related to the tool’s devel-
opment [7], showing the appropriateness of the use of four
response options in all subscales.

Next, for each subscale, we fitted the data to the Rasch
model [19]: most items fitted the model. Nine items showed
underfit (in most of them there was an unexpectedly high
variability in both infit and outfit values): however, accord-
ing to Linacre [26], all their mean-square values indicate an
unproductive but not degrading impact on measurement sys-
tem. Regarding the overfit of four items (one in each of four
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Table 4 Summary Of. Rasch Item Measure (SE)  Fit (MnSq) Local item
analysis of the “walking” and ———————  depend-
“body movements” subscales, Infit  Outfit ence
containing item-difficulty
measures (with standard error, Walking subscale
ngé:éelgizrgg?;?tlgnll(s)cal 47. Difficulties walking smoothly? ~078(0.12) 095 093

48. Being slow when walking? 0.07 (0.12) 1.20 1.20

49. Having to concentrate on your walking? 0.86(0.12) 1.09 1.03

50. Having to increase the effort needed for you to walk? 0.39(0.12) 0.76 0.78

51. Being slow when going up or down stairs? -092(0.12) 0.83 0.85

52. Being clumsy when walking? —-0.24(0.12) 0.61 0.61

53. Tripping over or stumbling when walking? 0.25(0.12) 099 1.05

54. Feeling like you are walking through treacle? —-0.15(0.12) 140 1.58

55. Losing your confidence to walk? —0.04 (0.12) 0.89 0.82

56. Feeling embarrassed to walk? 0.57(0.12) 121 1.17

Body movements subscale

57. Difficulties moving freely? -0.82(0.13) 092 0.90 58 (0.31)

58. Difficulties moving smoothly? —-1.44(0.11) 0.89 0.87 57 (0.31)

59. Limited range of movement? —-0.80(0.11) 097 093

60. Difficulties moving parts of your body? -043(0.11) 0.71 0.70

61. Difficulties bending your limbs? -0.14(0.11) 1.00 0.97

62. Your body being resistant to movement? 0.34(0.12) 0.78 0.76

63. Your body or limbs feeling locked? —-0.04(0.11) 092 0.85

64. Awkward or jerky movement? 1.52(0.13) 1.67 147

65. Difficulties straightening your limbs? 0.67 (0.13) 094 0.81

66. Difficulties relaxing parts of your body? -0.04(0.11) 127 1.29

67. No control over your body? 1.17(0.12) 1.0 1.00

For details, see caption of Table 2

MSSS-88 subscales), their pattern of response was probably
too predictable from the overall pattern of response to the
other items [18] and thus they contribute little extra informa-
tion over the other items in the scale, but they do not degrade
the quality of measurement. Indeed, also in both previous
studies on MSSS-88, the item fit statistics indicated some
item misfit [7, 17], though the Authors did not provide fur-
ther details or comment. Worthy of note, the items ‘awkward
or jerky movement’ (body movement subscale) and ‘lower
limbs feeling rigid’ (muscle stiffness subscale) were misfit-
ting both in our study and in the original one [7].

The hierarchy of item difficulty did not exhibit any
major divergence from Hobart et al.’s study [7]. The span
of item difficulty (ranging from 1.78 logits in the Walk-
ing subscale to 4.03 logits in the muscle spasms subscale)
was acceptable but for some subscales—as suggested by
the original Authors [7]—an extension of their range of
measurement would be beneficial. Regarding the targeting
(the extent to which the items were appropriately diffi-
cult for our sample), in some subscales (‘muscle spasms’,
‘activities of daily living’, ‘emotional health’, and ‘social
functioning’) the mean subject ‘ability’ (here, impact of
spasticity on the patient’s life) of our sample was < 1 logit

lower than the mean item difficulty (conventionally set
at 0 logits). This mismatch is mainly due to the low dis-
ability levels of our patient sample. However, the present
finding confirms Ball et al.’s [17] observation that in their
study most shapes of person measurement distribution
were skewed to some extent, with the potential risk of
underestimating improvement or worsening; moreover, the
percentage of their extreme scores in one subscale (muscle
spasms subscale) was > 15%.

In order to examine how well the test is doing in esti-
mating ability over the whole range of ability scores, we
analyzed the test information function [18, 21], an indi-
cator independent of the particular patient sample taking
the test. The ideal test information function should be
rather flat or at least show a plateau over a large region of
the ability scale. Conversely, most of the MSSS-88 sub-
scales showed similar bell-shaped test information func-
tion distributions, with maximal information of about 5
(not very high) in 6 out of 8 subscales (all but ‘muscle
spasms’ and ‘emotional health’), and a measurement pre-
cision rather steadily and sharply decreasing as the ability
level departs from the quite limited central range (about 4
logits) of maximal information (i.e., where the test works
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Table 5 Summary of Rasch
analysis of the “emotional
health” and “social functioning”
subscales, containing
item-difficulty measures

(with standard error, SE),

fit information, and local
dependence between items

Item Measure (SE) Fit MnSq) Local item
Wit Oufit  oPend
ence
Emotional health subscale
68. Feeling frustrated? 0.02 (0.11) 1.10 1.10
69. Feeling less confident in yourself? —0.07 (0.11) 0.96 1.04
70. Feeling inadequate? 0.18 (0.11) 0.92 0.97
71. Feeling low? 1.09 (0.13) 0.84 0.83
72. Feeling irritated? —0.63 (0.11) 0.94 0.88 73 (0.47)
80 (0.37)
73. Feeling angry? —-0.75(0.11) 1.04 1.00 72 (0.47)
80 (0.33)
74. Feeling depressed? —0.01 (0.11) 0.85 1.00
75. Loss of self-worth? 0.65 (0.12) 1.00 1.00 76 (0.36)
76. Feeling like a failure? 1.43 (0.13) 1.06 0.91 75 (0.36)
77. Feeling frightened? —0.50 (0.11) 1.26 1.21 79 (0.40)
78. Crying (tearful)? —0.20 (0.11) 0.65 0.64
79. Feeling panicky? —0.15(0.11) 1.18 1.12 77 (0.40)
80. Feeling nervous? —1.06 (0.11) 1.12 1.13 72 (0.37)
73 (0.33)
Social functioning subscale
81. Difficulties going out? —0.66 (0.12) 0.96 0.94
82. Feeling isolated? 0.57 (0.13) 0.76 0.75
83. Feeling vulnerable? —1.03 (0.11) 1.13 1.27
84. Difficulties finding energy for other people? —0.74 (0.12) 1.00 0.98
85. Feeling reluctant to go out? —0.44 (0.12) 1.06 1.02
86. Feeling less sociable? 0.27 (0.13) 0.86 0.83
87. Difficulties with relationships with other family 1.12 (0.14) 1.29 1.14
members?
88. Difficulties interacting with people? 0.92 (0.14) 0.90 0.76

For details, see caption of Table 2

Table 6 Person-ability (mean and range) levels, person separation index and reliability, item difficulty (range), and item separation index and
reliability of each of the eight subscales of the Multiple Sclerosis Spasticity Scale-88

MSSS-88 subscales Mean person ability (range) PSI

PSR Item-difficulty range (span) Item threshold values Item

Item separa-

separation tion reliability
index

Muscle stiffness —0.22 (=4.77 t0 5.20) 3.15 091 -1.10to 1.95(3.05) —3.26t04.35 8.29 0.99

Pain and discomfort —0.94 (—3.91 to 4.13) 229 0.84 —1.01to0.84 (1.85) —2.851t02.86 4.43 0.95

Muscle spasms —1.76 (—4.13 to 3.05) 2.15 0.82 —0.951t0 3.08 (4.03) —2.44 t0 4.67 591 0.97

ADL —1.86 (-4.83t02.77) 245 086 —1.12t01.98 (3.10) -3.43t04.33 6.49 0.98

Walking 0.28 (—4.60 to 4.85) 299 090 -0.921t00.86(1.78) -33t0345 4.07 0.94

Body movements —0.81 (—4.67 to 4.60) 2.85 0.89 —1.441t01.52(2.96) —3.611t03.62 6.63 0.98

Emotional health —1.16 (—=4.32t0 3.55) 272 0.88 —1.06to 1.43(2.49) —-2.84103.23 5.80 0.97

Social functioning ~ —1.74 (—4.15 to 3.34) 2.11 0.82 —-1.03to01.12(2.15) —3.09t03.19 5.78 0.97

ADL activities of daily living, MSSS-88 Multiple Sclerosis Spasticity Scale, PSI Person separation index, PSR Person separation reliability

best). This means that outside that optimal range the scale
measures ‘ability’ with much less precision (i.e., with
quite high standard error of estimation).
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Rasch reliability indexes confirmed their high values,
which give us a good degree of confidence in the consist-
ency of both person-ability and item-difficulty estimates.

Unidimensionality is a core assumption of the Rasch
model [21]. It ensures that a response to any item is
explained only by the respondent’s amount of the trait
being investigated and not by other factors. In our study,
the unidimensionality testing with robust psychometric
techniques confirmed that each MSSS-88 subscale meas-
ures a single underlying dimension [18]. Only the ‘emo-
tional health’ subscale showed the presence of a small
secondary dimension (11.2% of unexplained variance in
first contrast, with a related eigen value of 3.3).

As for DIF [18], just three items showed a significant
difference between the subgroups analyzed: (i) item 3
‘stiffness when you are in the same position for a long
time’ (muscle stiffness subscale) where females were more
bothered than males; (ii) item 37 ‘doing housework such
as cooking or cleaning’ (activities of daily living subscale)
where males were more bothered than females; and (iii)
item 85 ‘feeling reluctant to go out’ (social functioning
subscale) where older persons were more bothered than
younger ones. According to our local culture, we consid-
ered at least the latter two differences as referable to typi-
cal gender-related (doing housework) or age-related (going
out) characteristics, and as such negligible.

Conversely, additional information regarding optimal
item selection came from the residual correlation matrix
[27]. They showed inter-item residual correlations higher
than 0.30 in one to two pairs of items in five subscales
(‘body movements’, ‘pain discomfort’, ‘muscle stiffness’,
‘muscle spasms’, and ‘activities of daily living’), while
the ‘emotional health’ subscale showed as many as five
pairs of items with large residual correlations. In the Rasch
model, this inter-item dependency indicates a violation
of the basic assumption of statistical local independence
by the corresponding pair of items, and suggests that the
items concerned tend to duplicate some feature of each
other, or to incorporate some other shared dimension [18].
This seems the case for item 11 ‘stiffness in your whole
body?’ and item 12 ‘your whole body feeling rigid?’ (mus-
cle stiffness subscale), and for items 72 ‘feeling irritated?’
and 73 ‘feeling angry?’, or item 77 ‘feeling frightened’
and 79 ‘feeling panicky’ (emotional health subscale), as
well as for some pairs of items in other subscales. There
is empirical evidence that they are synonyms or near-syn-
onyms. Thus, some of these 13 pairs of locally-dependent
items (particularly those with higher local dependence and
similar item difficulty) seem candidates for further con-
sideration, such as possible testlet aggregation, or even
deletion/replacement, because their presence degrades the
measurement process and increases standard errors [18,
27].This result is not surprising because in Ball et al.’s

study 33 item biases were found (i.e., with correlations
among residuals r>.30).

Overall, our findings principally show the presence in
MSSS-88 subscales of:

(a) afew misfitting items, some of them already misfitting
in the original study [7];

(b) 13 pairs of locally-dependent items, some of them con-
taining words or phrases that are synonyms or near-syn-
onyms, and/or with a similar item-difficulty estimates;

(c) an acceptable but not wide item-difficulty range in
some subscales, and sometimes several items with
similar location;

(d) testinformation functions in most subscales character-
ized by a rather quick decrease in information (preci-
sion) and a corresponding significant increase of the
standard error of the estimate when measuring subjects
with extreme ability levels at both ends.

In line with Ball et al.’s findings of a suboptimal per-
formance of some MSSS-88 items and subscales [17], all
these results point to the need for further examinations
and attempts to provide substantive explanations for the
anomalies detected, to better understand the constructs for
measurement, and then probably decide in some subscales
a replacement of 1-2 poorer items with well-targeted ones
(i.e., with higher statistical information), for both psycho-
metric and clinical reasons [21, 28].

Care should be taken in interpreting our data. First, our
analysis was conducted in a convenience sample of quite
young Italian-speaking patients with MS (consecutively
recruited when undergoing a day-hospital rehabilitation pro-
gram), showing a low level of disability; this could lessen
the generalizability of some of our findings. Second, we can-
not exclude that some (linguistic, cultural or technical) char-
acteristics of the Italian version of the MSSS-88 might have
influenced our results. Although our version was checked
using a thorough procedure of ‘forward/backward transla-
tion’ followed by pilot testing and expert revision, without
significant semantic difficulty emerging (apart from the need
to adapt the term ‘treacle’, which is unfamiliar in the Italian
culture), a full check of a cross-cultural adaptation would
require that metric properties of the new language version
are assessed in comparison with those of the source version,
applying DIF analysis to test whether the difficulty hierarchy
of the items is similar across versions (as well as other test-
ing situations).

Conclusion

In conclusion, the main results of our Rasch study are as
follows:
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(1) The MSSS-88 confirmed several positive metric char-
acteristics; however, a series of drawbacks emerged
related to the measurement performance of some items.

(2) The reliability, dimensionality, and some internal con-
struct validity characteristics of the Italian version of
the MSSS-88 were confirmed by the present study, thus
strengthening the positive results of our previous vali-
dation of the questionnaire using CTT methods [16].

We recommend that further large independent studies—
analyzing subjects with a wide range of disease severity and
in different contexts—be carried out on MSSS-88, to verify
the robustness of previous findings and examine the useful-
ness of a few targeted item replacements. The aim should
be to create a MSSS 2.0 able to optimize the scale’s cover-
age and technical quality with the most convenient type and
number of items.
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