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LAY ABSTRACT
In upper-limb spasticity, the use of the arm and hand 
become restricted due to “tight” muscles. Although 
questionnaires to assess a person’s quality of life have 
been developed, they do not specifically assess the im-
pact of upper-limb spasticity. To address this deficiency, 
the Spasticity-related Quality of Life 6-Dimensions 
(SQoL-6D) questionnaire was developed (see also the 
companion “development” paper available in this issue).  
To test that the SQoL-6D works as expected, it was 
completed by 104 people living with spasticity and com-
pared with other questionnaires they completed. The 
results show that the SQoL-6D questions are relevant 
to people with spasticity. The answers were reliable 
when the SQoL-6D was repeated, and differences in 
the burden of spasticity between people grouped by the  
severity of their condition were captured accurately. The 
SQoL-6D is a promising new measure to assess aspects 
of quality of life in people living with spasticity.

Objective: Psychometric evaluation of the Spasticity- 
related Quality of Life 6-Dimensions instrument 
(SQoL-6D). 
Design: A clinimetric evaluation conducted in a  
multicentre, prospective, longitudinal cohort study 
at 8 UK sites. 
Patients: Adult patients (n = 104) undergoing focal 
treatment of upper-limb spasticity. 
Methods: The SQoL-6D was administered in the clinic 
at enrolment and at 8 weeks, then 1–4 days later at 
home to assess test-retest reliability.
Results: The SQoL-6D demonstrated adequate con-
struct validity and unidimensionality of the scale, al-
lowing the calculation of a Total score. Cronbach’s 
alpha (0.74) supported the internal consistency  
reliability, while the intraclass correlation coef-
ficient supported test-retest reliability (0.82).  
Correlation coefficients with established instruments 
supported convergent validity, while significant dif-
ferences between known-groups (of differing clinical  
severity) in SQoL-6D Total score confirmed its sen-
sitivity to both cross-sectional and longitudinal dif-
ferences. 
Conclusion: The SQoL-6D is a promising new measure  
to assess health status for patients with upper-limb 
spasticity of any aetiology. Further investigation and 
exploration of the allocation of weights to convert 
the SQoL-6D to a health-related quality of life utility 
index, are required.

Key words: psychometrics; upper extremity; central nervous 
system diseases; muscle spasticity; quality of life
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Spasticity and spastic dystonia impact quality of life 
(QoL) and health status in terms of functional im-

pairment, reduced activities of daily living, and restricted 
societal participation (1–3). Upper-limb spasticity (ULS) 
can occur after a stroke or other acquired brain injury (4).

The benefits of recommended treatments for ULS, 
such as botulinum toxin A (BoNT-A), are demonstrable 

at the level of impairment and daily activities (5, 6); 
however, the impact of treatment on health-related QoL 
(HRQoL) is more difficult to understand. This is due 
to the interaction of spasticity with other features of 
neurological disability, such as motor weakness and 
cognitive problems. Condition-specific HRQoL ques-
tionnaires are potentially more responsive to change 
in symptoms and more clinically useful than generic 
measures (7, 8); however, no condition-specific tool 
is available for ULS of any aetiology. 

To fulfil the need for a health status measure that is 
sensitive to the diverse burden of patient experience in 
ULS and the changes in symptoms following treatment, 
the Spasticity-related Quality of Life 6-Dimensions 
instrument (SQoL-6D) was developed. This instrument 
might also be used in the future for evaluation of treat-
ments for ULS. The initial development of the SQoL-6D 
is described in a companion article in this issue, with 
results supportive of the responsiveness of SQoL-6D (i.e. 
its ability to detect change over time) following treatment. 

We present here the first formal psychometric 
evaluation (internal consistency, test-retest reliability, 
construct and concurrent validity) of the SQoL-6D 

http://crossmark.crossref.org/dialog/?doi=10.2340/jrm.v53.688&domain=pdf
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as a measure of health status using a traditional psy-
chometric approach based on classical test theory (9). 
The results are presented according to the framework 
described by Terwee et al. in 2007 for reporting the 
psychometric properties of health-related measurement 
tools, which was developed into the Consensus-based 
Standards for the Selection of Health Measurement 
Instruments (COSMIN) checklist (10). Our COSMIN 
self-assessment is shown in Appendix SI. The SQoL-
6D is freely available online with a user guide, at 
https://www.kcl.ac.uk/cicelysaunders/resources/tools/
the-spasticity-related-quality-of-life-tool-(sqol-6d). 

METHODS

Study design

This multicentre, prospective, longitudinal, clinimetric evalua-
tion, cohort study was conducted at 8 UK sites between May 
2018 and October 2019 (NCT03442660). Adults (aged ≥18 
years) with an understanding of English and a comprehension 
of the SQoL-6D questions and fulfilment of protocol require-
ments (as judged by the investigator), who were receiving focal 
treatment for ULS as part of their routine clinical management, 
were enrolled independently from therapeutic decisions. All 
participants provided informed consent. 

The SQoL-6D was self-administered at enrolment (Visit 1) 
and at 8 weeks (±2 weeks; Visit 2/follow-up) in the clinic, by 
which time a maximum treatment effect was expected. Patients 
were asked to repeat the self-assessment at 1–4 days after Visit 
2 at home, in order to assess test-retest reliability. 

Intervention

This study was set in the context of a cohort with clinical 
interventions for spasticity, and therefore was a “non-clinical 
trial of investigational medicinal products”. Investigators chose 
healthcare strategies in accordance with participant needs and 
routine clinical practice; assessment tools were collected outside 
of normal clinical practice. As the performance of the SQoL-6D  
in real-life clinical practice was to be assessed regardless of 
intervention, full details of interventions were not collected.

Other measures

Data collection at Visit 1 included assessment by clinicians 
of the severity of functional impairment using a ULS-adapted 
Neurological Impairment Scale (ULS-NIS) (11). The severity 
grade for the affected arm was used in the analysis (or the right 
arm if both arms were affected). Patients completed a participant 
experience questionnaire for SQoL-6D to assess its acceptability 
(time taken, ease of completion, relevance), and any questions 
a patient thought should be added. 

Other standardised measures were recorded on Visits 1 and 
2, as follows: 
•	 The Modified Ashworth scale (MAS) (12), a 6-level scale for 

grading resistance during passive muscle stretching around 
individual joints (shoulder, elbow, wrist, thumb and other 
fingers) and composite (summed) scores created for severity 
of proximal, distal and overall spasticity.

•	 The Arm Activity measure (ArmA) (13), a 29-item patient-
reported measure with 4 subscales: passive function (caring 

for the affected limb: 8 items); active function (using the 
affected limb for functional activities: 13 items); impact on 
life (2 items); and symptoms (6 items).

•	 The EuroQoL-5 Dimensions-5 Levels (EQ-5D-5L) measure: 
a generic measure of quality of life in 5 dimensions (mobility; 
self-care; usual activity; pain/discomfort; anxiety/depression), 
and country-specific health utility index. This study used the 
UK value set (14) with EQ-5D-5L index score ranging from 
–0.285 to 1.

•	 The Goal Attainment Scaling – evaluation of ULS (GAS-eous)  
tool: a structured version of the GAS light, developed speci-
fically for ULS (15).

Patient disposition 

Overall, 104 patients were enrolled across 8 sites (3–22 patients 
per site, representing a convenience sample). The full analysis 
set (FAS; n = 98) population was all adults who completed Visit 
1 and the “test-retest” population (n = 78) comprising those from 
the FAS who had completed Visit 2 and the retest assessment 
within 1–4 days after Visit 2 (Fig. 1). 

Subgroups of patients with different aetiology of ULS (vas-
cular disease (stroke): infarction or haemorrhage; non-vascular 
disease: trauma, hypoxia, inflammatory infective, tumour, 
degenerative, congenital, other) were also assessed.

Missing data were minimised through use of electronic data cap-
ture whenever possible, which did not allow patients to skip items 
or save incomplete entries. No imputations were made for missing 
data. Statistical analyses were performed using Statistical Analysis 
System (SAS®) version 9.4 (SAS Institute Inc., Cary, NC, USA).

Statistical analysis

The analyses were all pre-planned. All statistical tests were 
2-sided at the 5% significance level, unless otherwise stated, 
and were not conducted for inferential purposes, but as a guide 
to interpretation. Although both parametric and non-parametric 
tests were conducted, after review of score distribution and  
normality tests, parametric tests are presented for summary 
scores and non-parametric tests for dimension scores.

As responsiveness of the SQoL-6D was of key interest, 
calculation of sample size was based on this parameter, as  
described in the companion SQoL-6D development paper in this 
issue. Briefly, 87 patients were required to detect a statistically 
significant change (paired t-test at 5%; power of 80%) and the 
target for recruitment was set at 100 patients, allowing for a 
drop-out rate of up to 13%. 

Fig. 1. Patient disposition. FAS: full analysis set; SQoL-6D: Spasticity-
related Quality of Life-6 dimensions instrument. 

medicaljournalssweden.se/jrm
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As the SQoL-6D is based on a formative model, it was not 
expected to be unidimensional, but its factor structure and di-
mensionality were explored nevertheless. Internal consistency 
was assessed using Cronbach’s alpha raw and standardised 
coefficients for the whole scale and removing one item at a 
time. Unidimensionality of the SQoL-6D construct was assessed 
through principal component analysis (PCA) and interpretation 
was based on the eigenvalues over 1, the reduction in their 
amplitude and the magnitude of the factor loadings.

Item-convergent validity was assessed by calculating the Pearson 
and Spearman’s correlation coefficients between each item and a 
score combining all other items. To demonstrate adequate item 
convergent validity, correlation coefficients between each item 
score and the corresponding SQoL-6D Total-item score (calculated 
without the corresponding item) were expected to be at least 0.40.

Test-retest reliability was assessed using the intraclass cor-
relation coefficient (ICC) and linear weighted kappa coefficients 
between SQoL-6Ds completed at Visit 2 and the retest assess-
ment. The difference between the test and retest dimension and 
Total scores were compared using a paired t-test (Wilcoxon 
signed-rank test) to assess for consistency and any systematic 
bias between the 2 assessments.

In the absence of an accepted gold standard, the convergent 
and known-groups validity of the SQoL-6D was assessed by 
exploring the relationship between SQoL-6D scores and severity 
of spasticity presentation at Visits 1 and 2, using different disease 
severity criteria. Convergent validity was assessed using Pearson 
and Spearman’s correlation coefficients between SQoL-6D indivi-
dual dimension and Total scores and the various scores available, 

and derived from ULS-NIS, MAS and ArmA questionnaires with 
higher item scores associated with a worse condition. The MAS 
and ArmA have been specifically developed and validated for use in 
patients with ULS (12, 13). Low-to-moderate positive and negative 
correlations were expected with the relevant items of the SQoL-6D, 
and with the Total score, respectively. The known-groups validity 
was tested by examining differences in mean scores between pa-
tients with differing severity of weakness (Table I).

RESULTS

Demographic and disease characteristics are shown in  
Table II. Patients with vascular aetiology had a significantly 
shorter duration of spasticity than the non-vascular group, 
although the overall severity grade of impairment (ULS-
NIS score, total range 0–21) was similar (mean (standard 
deviation; SD) 12.7 (3.7) vs 12.4 (3.2), respectively). The 
aetiology of spasticity for the non-vascular group (n = 25) 
was mainly trauma (n = 10, 40%), congenital (n = 5, 20%) 
or degenerative (n = 3, 12%). The study population demo-
graphics are broadly similar to those of other published 
large international cohorts with ULS (16, 17).

Acceptability
Of the 92 patients who completed the SQoL-6D com-
pletion experience form, 75% stated that it took less 
than 10 min to complete and all patients thought the 
questions were relevant. Approximately one-quarter 
(27%) of patients expressed some difficulty completing 
the questionnaire, perhaps due to spasticity interfering 
with the hand selecting answers. Eighty-seven patients 
(95%) had no further questions to add.

Distribution of SQoL-6D scores

At the dimension level, a ceiling effect was seen for 
“Using the affected limb”, where more than half of pa-
tients in the FAS (53%) had the highest score, indicating 

Table I. Definitions of known-groups of patients with differing 
severity of weakness or cognition

Measure Group comparisons

Neurological impairment Cognitive deficits
ULS-NIS Presence or absence of severe weaknessa

MAS joint scoreb < 2 compared with ≥ 2
ArmA passive function total score < 16 compared with ≥ 16
ArmA active function total score < 26 compared with ≥ 26
ArmA Life impact score < 4 compared with ≥ 4
ArmA symptoms score < 12 compared with ≥ 12

aDefined as “at least 1 motor impairment item being scored 3, meaning flickers 
or no active movement” at enrolment. bMaximum severity across joints.
ArmA: arm activity measure; MAS: Modified Ashworth scale; ULS-NIS: upper-
limb spasticity adapted Neurological Impairment Scale. 

Table II. Patient demographic and disease characteristics

Characteristics
Vasculara 
(n = 73)

Non-vasculara 
(n = 25)

FAS 
(n = 98)

Age, years, mean (95% CI) [Range] 55.1 (51.9, 58.2) [19–79] 46.8 (39.1, 54.6) [19–82] 53.0 (49.9, 56.0) [19–82]
Male, n (%) 49 (67.1) 16 (64.0) 65 (66.3)
Ethnic group, n (%)
  White
  Asian-Asian British
  Other

62 (84.9)
10 (13.7)
1 (1.4)

23 (92.0)
1 (4.0)
1 (4.0)

85 (86.7)
11 (11.2)
2 (2.0)

Duration since ULS onset, months, mean (95% CI)
  Median, IQR, Range

71.6 (55.1, 88.1) 
51.7 (17.1, 104.1) [0–288]

154.1 (100.9, 207.3)
117.7 (72.1, 231.7) [0–462]

92.7 (73.5, 111.8)
65.0 (22.4, 123.8) [0–462]

Arm affectedb, n (%)
  Left
  Right

40 (54.8)
33 (45.2)

12 (48.0)
13 (52.0)

52 (53.1)
46 (46.9)

Affected upper limb, n (%)
  Dominant
  Non-dominant
  Both arms

37 (50.7) 8 (32.0) 45 (45.9)
36 (49.3) 12 (48.0) 48 (49.0)
0 (0.0) 5 (20.0) 5 (5.1)

Percentages are based on the number of patients with available data in the FAS population. aULS aetiology. bIf both arms were affected, the most severely affected 
arm was studied; if both arms were affected with the same severity, data for right arm was studied. 95% CI: 95% confidence interval; FAS: full analysis set; 
IQR: interquartile range; SD: standard deviation; ULS: upper-limb spasticity. 

J Rehabil Med 53, 2021
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worst condition, at Visit 1, and no further worsening could 
be captured for these patients. This ceiling effect remained 
at Visit 2 with 40% of patients at the highest score. 

A floor effect was seen at Visit 2 for the dimension 
“Involuntary movements or spasms”, where 43% of 
patients had the lowest score, indicating they had no 
more involuntary movement and could not improve 
further on this dimension. No other significant floor or 
ceiling effects were seen in other dimensions and, most 
importantly, no floor or ceiling effect was observed for 
the SQoL-6D Total score. Only one patient had the 
lowest possible Total score at Visit 1.

Internal consistency, factor structure and 
dimensionality
Internal consistency was assessed for the FAS (n = 98, 
no missing data) at Visit 1. Cronbach’s alpha coeffi-
cient for the Total score was 0.74, supporting accep-
table internal consistency reliability (a value of 0.70 
or above was considered to reflect adequate internal 
consistency reliability) (18). When one dimension in 
turn was removed, the Cronbach’s alpha decreased to 
below 0.70 for 3 of 6 items, indicating reduced relia-
bility when excluding 1 item (Table III).

PCA presenting the 2 factors having an eigenvalue of 
greater than 1, explained 45%, and 18% of the variance, 

respectively, leading to a cumulative proportion of 62% 
(Table IV). The first factor can be interpreted as a ULS 
severity factor with all 6 items contributing positively 
and substantially (factor loadings ranging from 0.51 to 
0.80) to its construction. The second factor is driven 
positively by item 2 (involuntary movements) and, to a 
lesser degree, by item 1 (pain/discomfort) and negatively 
by items 5, 3 and 6. The reduction in eigenvalues from 
first to second factor (2.68 and 1.05, respectively) and 
the large factor loadings for all 6 dimensions on the first 
factor support the unidimensionality of the SQoL-6D 
and thus the appropriateness of calculating a Total score.

Correlations between each SQoL-6D dimension and 
the summary score calculated without the considered 
item ranged from –0.33 to –0.61, suggesting consistency 
between items and an absence of redundancy (Table V).

Test-retest reliability
The observed mean duration between follow-up and 
retest was 1.8 days (range 0–5 days). Dates and times 
of assessments were checked, leading to exclusion 
of one patient who completed both Visit 2 and the 
retest questionnaire within 2 h. Interpretation of ICC 
values was based on published work by Koo et al., 
where values less than 0.5 were defined as “poor”, 
between 0.5 and 0.75 as “’moderate”, between 0.75 
and 0.9 as “good”’, and greater than 0.90 as “excel-
lent”’ reliability (19). The Total score indicated good 
test-retest reliability, while, at the dimension level, 
ICCs indicated moderate to good reliability (Table 
VI). Similarly, weighted kappa values reflected fair 

Table III. Raw Cronbach’s alpha coefficients for the Spasticity-
related Quality of Life-6 Dimensions instrument (SQoL-6D) (overall 
and item removed statistics) at Visit 1 in the full analysis set (FAS) 
(n = 98)a

SQoL-6D scores

Raw 
Cronbach’s 
alpha

Total score 0.74
Total score minus 1. Pain/discomfort dimension 0.69
Total score minus 2. Involuntary movements or spasms dimension 0.74
Total score minus 3. Restricted range of movement dimension 0.71
Total score minus 4. Caring for the affected limb dimension 0.66
Total score minus 5. Using the affected limb dimension 0.74
Total score minus 6. Mobility/balance dimension 0.69

aNo missing data.
The SQoL-6D Total score showed adequate internal consistency reliability with 
a Cronbach’s alpha of 0.74, a value above the threshold of 0.70 considered 
as satisfactory. When removing an item Cronbach’s alpha decreased, and in 
some cases below 0.70, indicating reduced reliability when excluding 1 item.

Table IV. Principal component analysis to assess Spasticity-
related Quality of Life-6 Dimensions instrument (SQoL-6D) 
unidimensionalitya

Dimension Factor 1 Factor 2

1. Pain/discomfort dimension 0.706 0.318
2. Involuntary movements or spasms dimension 0.515 0.734
3. Restricted range of movement dimension 0.662 –0.349
4. Caring for the affected limb dimension 0.795 0.080
5. Using the affected limb dimension 0.550 –0.482
6. Mobility/balance dimension 0.736 –0.230

aAt enrolment in the FAS population (n = 98) without constraint on the number 
of factors.FAS: full analysis set.

Table V. Spearman correlation coefficients to assess item-convergent validity of the Spasticity-related Quality of Life-6 Dimensions 
instrument (SQoL-6D) at Visit 1 in the full analysis set (FAS) (n = 98)

Score
1. Pain/
discomfort

2. Involuntary 
movements or spasms

3. Restricted range 
of movement

4. Caring for 
the limb

5. Using the 
limb

6. Mobility/
balance

SQoL-6D 
Totala

1. Pain/discomfort 1.000 0.391 0.350 0.421 0.262 0.293 –0.528
2. Involuntary movements or spasms – 1.000 0.076 0.352 0.001 0.197 –0.328
3. Restricted range of movement – – 1.000 0.346 0.359 0.468 –0.463
4. Caring for the limb – – – 1.000 0.280 0.558 –0.614
5. Using the limb – – – – 1.000 0.351 –0.358
6. Mobility/balance – – – – – 1.000 –0.561

aCorrelations involving an item and the Total score were calculated between the item and the Total score calculated without the corresponding item.
Inter-item correlations were generally of low to medium amplitude, suggesting general consistency between items (except for correlations between items 2 and 
3 and between items 2 and 5, which were <  0.1), but indicating also that each item provides unique complementary information (as inter-item correlations are 
<0.6). The lowest inter-item correlations were obtained for correlations involving the item 2 “involuntary movements or spasms”.

medicaljournalssweden.se/jrm
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Table VI. Intraclass correlation coefficient (ICC) and weighted kappa for Spasticity-related Quality of Life-6 Dimensions instrument (SQoL-6D) dimension and 
Total scores between test and retest

SQoL-6D scores Mean change between test and retest (95% CI) p-value* Weighted kappaa ICCb

Total score –5.6 (–8.5, –2.7) < 0.001 0.60 0.82
1. Pain/discomfort dimension 0.2 (–0.0, 0.3) 0.056 0.63 0.74
2. Involuntary movements or spasms dimension 0.2 (0.0, 0.4) 0.019 0.65 0.77
3. Restricted range of movement dimension 0.4 (0.2, 0.6) < 0.001 0.45 0.59
4. Caring for the affected limb dimension 0.4 (0.2, 0.6) < 0.0001 0.63 0.78
5. Using the affected limb dimension 0.0 (–0.2, 0.2) 0.989 0.61 0.65
6. Mobility/balance dimension 0.2 (–0.1, 0.4) 0.204 0.55 0.62

Data derived from the test-retest population (n = 78). *Paired t-test for Total score; Wilcoxon signed-rank for dimension scores between test and retest assessments. 
aFleiss’ guidelines characterise kappa > 0.75 as excellent, 0.40–0.75 as fair to good, and < 0.40 as poor. bICC values less than 0.5, between 0.5 and 0.75, between 
0.75 and 0.9, and greater than 0.90 are indicative of poor, moderate, good, and excellent reliability. The formula used to calculate ICC was “MSR − MSE ÷ MSR + 
(k − 1) * MSE”. 95% CI: 95% confidence interval; k: number of measurements; MSE: mean squared for error; MSR: mean square for rows.

Table VII. Spearman correlation coefficients between Spasticity-related Quality of Life-6 Dimensions instrument (SQoL-6D) and clinician-
rated Upper Limb Spasticity adapted Neurological Impairment Scale (ULS-NIS), modified Ashworth scale (MAS), EuroQoL-5 Dimensions 
(EQ-5D) and Arm Activity measure (ArmA) scores at Visit 1 in the full analysis set (FAS) (n = 98)

Correlation
Number of 
patients

1. Pain/
discomfort

2. Involuntary 
movements or spasms

3. Restricted range 
of movement

4. Caring for 
the limb

5. Using the 
limb

6. Mobility/
balance

SQoL-6D 
Total score

ULS-NIS 
Severity grade
p-value

91 0.275
0.0083

0.181
0.0861

0.510
< 0.0001

0.521
< 0.0001

0.462
< 0.0001

0.492
< 0.0001

–0.602
< 0.0001

Total score 
p-value

82 0.276
0.0122

0.194
0.0812

0.501
<  0.0001

0.536
< 0.0001

0.469
< 0.0001

0.485
< 0.0001

–0.603
< 0.0001

MAS scores
Shoulder 
p-value

75 0.420
0.0002

0.056
0.6335

0.370
0.0011

0.583
< 0.0001

0.196
0.0921

0.435
< 0.0001

–0.497
< 0.0001

Elbow
p-value

90 0.153
0.1511

0.156
0.1414

0.141
0.1846

0.308
0.0032

0.211
0.0460

0.154
0.1480

–0.300
0.0040

Wrist
p-value

89 0.186
0.0804

0.184
0.0852

0.396
0.0001

0.313
0.0028

0.274
0.0093

0.161
0.1324

–0.365
0.0004

Thumb
p-value

87 0.133
0.2205

0.203
0.0596

0.295
0.0055

0.306
0.0039

0.001
0.9917

0.256
0.0167

–0.316
0.0029

Other fingers
p-value

92 0.141
0.1791

0.110
0.2984

0.255
0.0142

0.237
0.0230

0.148
0.1589

0.127
0.2275

–0.241
0.0209

Total
p-value

71 0.351
0.0027

0.251
0.0348

0.481
< 0.0001

0.625
< 0.0001

0.264
0.0261

0.466
< 0.0001

–0.603
< 0.0001

Distal
p-value

83 0.184
0.0960

0.256
0.0195

0.405
0.0001

0.423
< 0.0001

0.232
0.0346

0.299
0.0060

–0.445
< 0.0001

Proximal
p-value

75 0.351
0.0020

0.114
0.3316

0.343
0.0026

0.574
< 0.0001

0.166
0.1540

0.383
0.0007

–0.484
< 0.0001

ArmA scores 
Passive total
p-value

91 0.360
0.0005

0.211
0.0448

0.381
0.0002

0.564
< 0.0001

0.362
0.0004

0.630
< 0.0001

–0.650
< 0.0001

Active total
p-value

91 0.242
0.0210

0.121
0.2540

0.409
< 0.0001

0.496
< 0.0001

0.579
< 0.0001

0.494
< 0.0001

–0.564
< 0.0001

Life impact
p-value

91 0.331
0.0013

0.225
0.0323

0.349
0.0007

0.394
0.0001

0.292
0.0050

0.536
< 0.0001

–0.559
< 0.0001

Symptoms
p-value

91 0.807
< 0.0001

0.312
0.0026

0.364
0.0004

0.387
0.0002

0.216
0.0395

0.341
0.0009

–0.637
< 0.0001

EQ-5D
Mobility
p-value

92 0.171
0.1026

0.206
0.0491

0.270
0.0091

0.453
< 0.0001

0.344
0.0008

0.613
< 0.0001

–0.507
< 0.0001

Self-care
p-value

92 0.372
0.0003

0.282
0.0064

0.321
0.0018

0.655
< 0.0001

0.372
0.0003

0.585
< 0.0001

–0.650
< 0.0001

Usual activities
p-value

92 0.265
0.0106

0.190
0.0693

0.317
0.0021

0.506
< 0.0001

0.478
< 0.0001

0.644
< 0.0001

–0.587
< 0.0001

Pain/discomfort
p-value

92 0.796
< 0.0001

0.466
< 0.0001

0.322
0.0017

0.432
< 0.0001

0.220
0.0353

0.454
< 0.0001

–0.715
< 0.0001

Anxiety/depression
p-value

91 0.422
< 0.0001

0.317
0.0022

0.094
0.3773

0.475
< 0.0001

0.270
0.0096

0.468
< 0.0001

–0.526
< 0.0001

EQ-5D-5L index
p-value

91 –0.542
< 0.0001

–0.409
< 0.0001

–0.336
0.0011

–0.632
< 0.0001

–0.391
0.0001

–0.709
< 0.0001

0.773
< 0.0001

EQ-5D VAS
p-value

92 –0.354
0.0005

–0.257
0.0133

–0.123
0.2421

–0.441
< 0.0001

–0.263
0.0113

–0.498
< 0.0001

0.497
< 0.0001

Correlations rho ≥ 0.5 are in bold. At item level, item 2 “Involuntary movements or spasms” almost always showed the lowest correlations, which is not surprising 
since these clinical scales do not specifically assess the severity of involuntary movements or spasms. All correlations were in the expected direction. EQ-5D-5L: 
EuroQoL-5 Dimensions-5 Levels; VAS: visual analogue scale. 
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The SQoL-6D Total score for known-groups based 
on the ULS-NIS, MAS and ArmA scores showed, on 
average, that patients with severe spasticity, motor 
impairment and poorer function in the affected upper 
limb tended to have higher dimension mean scores 
reflecting higher severity in all SQoL-6D dimensions, 
compared with those without severe symptoms (Table 
VIII). This translates into significantly lower total mean 
score when transformed to a total HRQoL score on a 
range of 0–100, supporting the known-groups validity 
of the SQoL-6D.

A summary of key results is presented in Fig. 2. 

DISCUSSION

This first psychometric evaluation of the SQoL-6D 
in a UK multicentre cohort of patients with ULS de-
monstrates acceptable reliability and validity of the 
SQoL-6D Total score. In addition, responsiveness to 
clinical change was supported in analyses presented 
in the companion SQoL-6D development paper in 
this issue. Indeed, the results of this study were, in 
general, as expected and provided statistics that were 
beyond desired thresholds. The SQoL-6D demonstra-
ted adequate construct validity and unidimensionality, 
allowing the calculation of a Total summary score. The 
calculated Cronbach’s alpha value of 0.74 supported 
the internal consistency reliability, and ICC supported 
the test-retest reliability (ICC=0.82). 

to good test-retest reliability. There was a small, but 
significant, worsening of the Total score between the 
2 assessments (mean –5.6 (95% CI –8.5, –2.7); effect 
size = –0.3). At item level, this reflected a statistically 
significantly poorer QoL for 3 of the items (“involun-
tary movements”, “range of movement” and “caring 
for the affected limb”) when rated at home. 

Convergent and known-groups validity
As the SQoL-6D is designed to be a measure of 
spasticity-related health status, we did not expect to 
find a marked difference in scores between groups 
defined by the level of cognitive impairment. However, 
we expected to find evidence of poorer health status 
in those with more severe spasticity (as measured by 
MAS) and with more severe difficulty with caring for 
and using the affected limb (as measured by ArmA). 
Low-to-moderate correlations were anticipated bet-
ween SQoL-6D scores and scores derived from the 
ULS-NIS, the MAS, the EQ-5D-5L and the ArmA. At 
enrolment, correlation coefficients in the FAS (n = 98) 
were moderate to strong, as expected (Table VII). 
The highest correlations were generally seen between 
scores measuring similar concepts. Correlations in-
volving the SQoL-6D Total score were of medium to 
large amplitude, the highest being with the EQ-5D-5L 
index score (ρ = 0.77; p < 0.0001). These results provide 
evidence of convergent validity of the SQoL-6D. 

Table VIII. Spasticity-related Quality of Life-6 Dimensions instrument (SQoL-6D) Total score per clinical subgroups at enrolment visit in the full analysis set 
(FAS) (n = 98) or follow-up visit in the FAS population with SQoL-6D at follow-up visit (n6=690)

Clinical subgroups n

SQoL-6D score

Mean (SD) 95% CI
Mean difference (95% CI), 
p-value*

At enrolment (n = 98)
Severity of cognitive impairment (Missing=7)
Normal cognitive function 40 44.4 (16.3) 39.2, 49.6 –7.0 (–14.73, 0.66)
Abnormal cognitive function 51 37.3 (19.8) 31.8, 42.9 0.073
ULS-NIS (Missing = 1)
No severe weakness 39 47.2 (18.3) 41.3, 53.1 –9.7 (–17.26, –2.19)
Presence of severe weakness 58 37.50 (18.4) 32.7, 42.3 0.012

At follow-up (n = 90)
MAS (Missing = 0)
<2 35 63.1 (18.1) 56.9, 69.3 –16.4 (–24.43, –8.27)
≥2 55 46.7 (19.3) 41.5, 52.0 0.0001

ArmA passive total score (Missing = 2)
<16 49 65.0 (16.3) 58.3, 75.0 –25.1 (–31.76, –18.47)
≥16 39 39.9 (14.7) 29.2, 50.0 <0.0001

ArmA active total score (Missing = 2)
<26 5 82.5 (14.2) 64.8, 100.0 -30.4 (–47.55, –13.24)
≥26 83 52.1 (18.9) 48.0, 56.2 0.0007

ArmA impact score (Missing = 2)
<4 16 74.7 (11.8) 68.4, 81.0 –25.6 (–35.11, –15.99)
≥4 72 49.2 (18.4) 44.9, 53.5 <0.0001

ArmA symptoms score (Missing = 2)
<12 51 64.4 (16.2) 59.8, 68.9 –25.1 (–31.80, –18.36)
≥12 37 39.3 (14.9) 34.3, 44.3 <0.0001

*Tested using independent t-tests. Correlations p < 0.05 are in bold. ArmA: Arm Activity measure; 95% CI: 95% confidence interval; MAS: Modified Ashworth 
scale; ULS-NIS: Upper Limb Spasticity adapted Neurological Impairment Scale.

medicaljournalssweden.se/jrm
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The small, but significant, worsening of the Total 
score between the 2 assessments in test-retest, at item 
level, reflected a poorer health status for 3 of the items 
(“involuntary movements”, “range of movement” and 
“caring for the affected limb”) when rated at home, 
although the other items remained stable. While the 2 
questionnaires were self-administered with the same 
instructions, it is possible that the change of environ-
ment between clinic- and home-based administrations 
may have introduced an element of systematic bias in 
the patients’ perception of health with respect to these 
3 domains. 

Correlation coefficients with established instruments 
supported the convergent validity, while significant 
differences in SQoL-6D Total score between known-
groups confirmed the sensitivity of the Total score 
to both cross-sectional and longitudinal differences. 
The latter was further supported by the effect sizes. 
As the SQoL-6D is designed to be a measure of 
spasticity-related health status, marked differences in 
known-groups scores were expected, with evidence 
of poorer health expected in those with more severe 
spasticity and with difficulty caring for and using the 
affected limb.

Fig. 2. Study design and key results. EQ-5D-5L: EuroQoL-5 Dimensions-5 Levels; SQoL-6D: Spasticity-related Quality of Life-6 Dimensions instrument.

J Rehabil Med 53, 2021
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Despite the fact the SQoL-6D was developed on 
a formative model, given the diverse nature of the 
goal areas on which it is based, it showed greater 
unidimensionality than expected. As a result of this 
unidimensionality, rotational and other confirmatory 
factor analyses were not deemed to be required. Further 
exploration has to be undertaken to determine whether 
these findings are reproducible in a multi-national 
population.

Ideally, measurement of changes in disease burden 
should be reported directly from patients, and the 
utility of these changes should be based on public 
preferences (20). The findings presented here provide 
encouraging preliminary evidence for the usefulness 
of the SQoL-6D as a measure of health status in pa-
tients with ULS. In terms of discriminative validity, 
the SQoL-6D appeared to be more sensitive to change 
than the EQ-5D-5L Visual Analogue Scale or index 
scores, and, in future, it may provide more accurate 
economic evaluations of treatments for ULS in com-
bination with generic health utility tools (health utility 
index, SF-6D, EQ-5D-5L) (21–23). The next stage 
would be to develop the SQoL-6D into an economic 
evaluation tool by developing utility weights for the 
different items using either a direct approach using a 
choice-based method, such as the standard gamble (24) 
or time trade-off (TTO) (25), or an indirect approach 
by mapping from a disease-specific HRQoL instrument 
on to the utility algorithm of a generic instrument, such 
as the EuroQoL-5 dimensions (EQ-5D). 

As part of this study, a preliminary exploration of 
TTO was undertaken with 250 healthy volunteers; 
however, they found it very difficult to assign weights 
to items, having not experienced spasticity. This was 
particularly the case for the impact of spasticity over 
and above other elements of neurological impair-
ment, such as motor paralysis. TTO of the SQoL-6D 
is currently under exploration amongst a population 
of patients with ULS; the results will be published 
separately in due course.

Strengths and limitations
This study has a number of strengths and weaknesses. 

Strengths include the multicentre sample, and the 
fact that the study was conducted in real-life clinical 
practice, both of which help to support the generalisa-
bility of the findings. Although the sample size of just 
under 100 patients was fairly modest, the study was 
adequately powered for its intended purpose. 

Weaknesses include the fact that the study was con-
fined to just one country and, so far, only traditional 
psychometric techniques based on classical test theory 
have been applied. Future analyses should explore the 
performance of the SQoL-6D in a multi-national study 

that includes patients from other English-speaking 
countries (e.g. the US and Australia) and the applica-
tion of modern psychometric methodologies based on 
item response theory, such as Rasch analysis. The sub-
sequent roll-out and translation to other more disabled 
or non-English-speaking populations is a further stage 
in development, which will need to be addressed in 
future research.

In conclusion, the SQoL-6D is a promising new tool 
to assess key components of health status at a personal 
level for patients with ULS. Further investigation in 
wider settings, as well as further development to ex-
plore the allocation of weights to convert the SQoL-6D 
to a HRQoL utility index, are warranted.
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