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Objective: The Spinal Cord Independence Measure – Self 
Report (SCIM-SR) is a self-report instrument for assessing 
functional independence of persons with spinal cord injury. 
This study examined the internal construct validity and reli-
ability of the SCIM-SR, when administered in a community 
survey, using the Rasch measurement model. 
Methods: Rasch analysis of data from 1,549 individuals with 
spinal cord injury who completed the SCIM-SR.
Results: In the initial analysis no fit to the Rasch model was 
achieved. Items were grouped into testlets to accommodate 
the substantial local dependency. Due to the differential item 
functioning for lesion level and degree, spinal cord injury-
specific sub-group analyses were conducted. Fit to the Rasch  
model was then achieved for individuals with tetraplegia 
and complete paraplegia, but not for those with incomplete 
paraplegia. Comparability of ability estimates across sub-
groups was attained by anchoring all sub-groups on a testlet. 
Conclusion: The SCIM-SR violates certain assumptions of 
the Rasch measurement model, as shown by the local de-
pendency and differential item functioning. However, an 
intermediate solution to achieve fit in 3 out of 4 spinal cord 
injury sub-groups was found. For the time being, therefore, 
it advisable to use this approach to compute Rasch-trans-
formed SCIM-SR scores. 
Key words: functional status; independence; spinal cord injury; 
validity; reliability; psychometrics.
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INTRODUCTION

Spinal cord injury (SCI) can result in a wide range of problems 
in functioning, including impairments of body structures and 
functions, limitations in activities of daily living, and restric-
tions in participation in social and community life (1). To 
respond to the health and related needs of persons with SCI, 
rehabilitation requires an interdisciplinary approach along 

the continuum of care from acute to early post-acute and 
long-term care, including community-based rehabilitation (2). 
Reliable and valid measures are therefore needed to monitor 
the functioning of people with SCI over time and evaluate the 
effectiveness of interventions. With this information it is then 
possible to allocate resources more effectively in response to 
the needs of people living with SCI. 

The Spinal Cord Independence Measure – Self Report 
(SCIM-SR) is a relatively new self-report instrument for as-
sessing functional independence of persons living with SCI (3). 
SCIM-SR was developed based on the clinician-administered 
SCIM III, a widely used instrument in SCI rehabilitation (4). 
Functional independence, as assessed with the SCIM-SR, is 
the ability of a person with SCI to perform specified activities 
independently of assistance or assistive devices. SCIM-SR, like 
the SCIM III, comprises 3 sub-scales: Self-Care, Respiration 
and Sphincter Management, and Mobility. The Mobility sub-
scale contains items related to transfers and moving around 
indoors and outdoors. For each domain, the person is asked to 
indicate the extent of assistance or assistive devices needed to 
complete certain activities. The criterion validity of the German 
version of the SCIM-SR was supported by its high intra-class 
correlations with SCIM III sub-scale scores (range 0.80–0.86) 
and total score (0.90) (3). The Spanish version of the SCIM-SR 
showed near perfect concordance with SCIM III sub-scales 
and total score based on Lin’s concordance coefficient ranging 
from 0.988 to 0.998 (5).

The SCIM-SR widens the utility of the SCIM III for com-
munity surveys. Thus, in combination the SCIM III and the 
SCIM-SR are relevant instruments to monitor change in func-
tional independence of persons with SCI from early post-acute 
to community-based rehabilitation. As for all versions of the 
SCIM, the SCIM-SR delivers an ordinal estimate of depend-
ency, and so is non-linear. Such data must be interpreted with 
care when examining change, as this can lead to erroneous 
inferences, as apparently equal change on the ordinal scale may 
reflect a different amount of change depending on the baseline 
value (6, 7). Given the importance of monitoring change in the 
rehabilitation process, the Rasch measurement model can be 
used to derive interval scales from ordinal measures as well 
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as examining other assumptions such as unidimensionality 
and group invariance. A Rasch analysis of the SCIM II (8) 
indicated vagueness in the wording of some items and their 
response categories. These findings have informed the de-
velopment of SCIM III. Two studies using the Rasch model 
were conducted on the SCIM III (9, 10). Both studies again 
revealed ambiguity in the response categories of some items, 
as indicated by disordered response options leading to misfit 
of some items. No remedies have been undertaken to improve 
the fit of the SCIM III. Although the psychometric properties 
of the total score and subscale scores of the SCIM III have 
been examined from a classical test theory perspective (4), 
only the internal construct validity of the sub-scale scores, 
and not the total score, have been investigated based on Rasch 
analysis. However, the total score of the SCIM is commonly 
reported and used in statistical analyses in research (11–14). 
Unless there is evidence that the items can be summed into 
a common construct, the use of a total score is questionable 
for the monitoring of people’s functional independence over 
time. The aim of the current study was therefore to examine 
the internal construct validity and reliability of the SCIM-SR 
when administered in a community survey, using the Rasch 
measurement model, to assess the usefulness of the SCIM-SR 
total score for the assessment and monitoring of functional 
independence in people with SCI. 

SUBJECTS AND METHODS
Subjects and setting 
The Swiss Spinal Cord Injury Cohort Study (SwiSCI) community 
survey is a nationwide study conducted in collaboration with the 4 
specialized Swiss SCI rehabilitation centres, the national association 
for persons living with SCI and their associates (Swiss Paraplegic 
Association), a SCI-specific home care institution (Parahelp) and a 
large national insurance company (SUVA). SwiSCI is hosted by Swiss 
Paraplegic Research, Nottwil, Switzerland. The SwiSCI community 
survey builds on a modular structure (15). The SCIM-SR was part 
of the Basic Module. Individuals aged 16 years or older, who reside 
in Switzerland and who have been diagnosed with traumatic or non-
traumatic SCI are included in the study. The survey was available in 
the three official languages of Switzerland: German, French and Italian. 
Exclusion criteria include congenital conditions leading to SCI, new 
SCI in the context of palliative care, neurodegenerative disorders, and 
Guillain-Barré syndrome. The detailed recruitment process is outlined 
elsewhere (16). Participants were asked to complete the questionnaire 
on paper, online or by telephone interview. All information, including 
SCI characteristics, such as lesion level (paraplegia or tetraplegia) 
and degree (complete or incomplete) were self-reported. The SwiSCI 
community survey was formally approved by the respective regional 
Research Ethics Committees in the different sites. All participants gave 
written consent for the anonymous use of their data. 

Measure
Similar to the SCIM III, the SCIM-SR consists of 17 items in 3 sub-
scales (3): 6 items for Self-Care (raw score range 0–20), 4 items for 
Respiration and Sphincter Management (raw score range 0–40), and 
9 items for Mobility (raw score range 0–40). It is worth mentioning 
that, in the SCIM-SR, items related to washing and dressing are 
divided into 2 sub-items each, 1 for the upper body, the other for the 
lower body, and items related to bladder and bowel management are 
divided into 3 sub-items. A scoring scheme was developed for the 
bladder and bowel management sub-items detailing the process of 

creating a single item score for each of these items (3). Each item of 
the SCIM-SR contributes between 0 and 15 points to the total score, 
which ranges from 0 to 100. Higher scores reflect higher functional 
independence. The detailed scoring format of each item is shown in 
Table II (second column). 

Data analysis 
Descriptive statistics were used to summarize the basic sample charac-
teristics and response distributions. Floor and ceiling effects are present 
if at least 15% of the participants consistently provided minimum or 
maximum possible scores on the items addressed (17). The presence 
of floor and ceiling effects was investigated for the sample as a whole 
and for the subgroups by lesion level and degree. Descriptive analyses 
were performed with R Version 3.1.2 (18). 

Rasch analysis is an iterative process that tests the extent to which 
the data satisfies a number of psychometric assumptions (19), includ-
ing local item independency, unidimensionality and invariance. Rasch 
analyses were conducted with RUMM2030 (20). The Rasch model as-
sumes that the higher a person’s ability the more likely the endorsement 
of the difficult items of a questionnaire. In the presence of items with 
polytomous response options, as in the SCIM-SR, the Partial Credit 
Model (PCM) is applied. This model from the Rasch family assumes 
that the distances between adjacent response options can vary within 
and across a scale. The equal probability point between 2 adjacent 
response options is called threshold (21). 

The first assumption tested in this study was local item independ-
ency, which encompasses response and trait dependency of items. 
Response dependency implies that the response to 1 item is associ-
ated with the response of another item. Response independency is 
granted when there are no residual correlations > 0.2 between items 
left after extracting the Rasch factor (22). A preliminary analysis of 
the SCIM-SR total score indicated high item-person residual correla-
tions indicating serious response dependency amongst items. A testlet 
design was applied to accommodate this high local dependency of 
the SCIM-SR items (23), an approach previously applied in a Rasch 
analysis of the Functional Independency Measure (FIM) (22). In this 
context it is worth mentioning that the SCIM development was influ-
enced by the FIM (24). The testlets were constructed by aggregating 
the items with high residual correlations into super-items. The iterative 
process of scale adjustment based on Rasch analysis does not differ in 
a testlet design from a single item design, except for the examination 
of thresholds. Ordered thresholds are important when their order is 
expected to reflect an increase on the trait. Under the testlet design, 
this order is no longer expected (25). 

Trait dependency is an indicator of the absence of unidimensionality 
of the scale, another assumption of the Rasch model. Unidimensionality 
can be examined with a principal component analysis (PCA) of the 
standardized Rasch residuals. If unidimensionality holds, no factor 
structure should be found in the residuals. This was tested with t-tests 
comparing pairs of ability estimates from separate Rasch calibration of 
the 2 sets of items, either loading positively or negatively on the first 
component of the PCA. The percentage of significant t-tests should 
not significantly exceed 5%, meaning that the lower boundary of the 
95% confidence interval (95% CI) should not be above 5%. 

The overall fit of the data to the Rasch model was examined with 
an overall χ2 statistic. This overall indicator for fit to the Rasch model 
constitutes a summary of individual item χ2 fit statistics. A non-signif-
icant χ2 is interpreted as evidence of good fit overall as well as on the 
individual item level. The significance level of the p-values for the 
overall model fit was adjusted for repeated measurement according 
to the Holm-Bonferroni strategy (26). Large negative-fit residuals are 
an indication that the item discriminates more strongly than expected 
by the Rasch model; large positive-fit residuals indicate weaker item 
discrimination than expected by the Rasch model. 

The lack of item invariance across relevant group characteristics, 
so-called differential item functioning (DIF), is an important assump-
tion in scale evaluation with the Rasch model. If no DIF is detected, it 
means that persons can achieve comparable levels of ability regardless 
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of the group characteristics, e.g. that individuals with tetraplegia or 
paraplegia with the same ability have the same response probability 
on any item of the scale (27). DIF was investigated with an analysis 
of variance (ANOVA) test for gender (male and female), administra-
tion mode (paper-pencil or online), language (German or French), 
SCI aetiology (traumatic or non-traumatic), SCI level (paraplegia 
or tetraplegia), SCI degree (complete or incomplete), age and time 
since injury. Age and time since injury were dichotomized by the 
year threshold proposed for reporting by the International Spinal Cord 
Society (ISCoS) (28) closest to the median of the respective variable. 
Given the low, yet, for Switzerland, representative, number of question-
naires administered in Italian in this study, DIF was only examined for 
the difference between German and French. DIF can be resolved by 
splitting an item showing DIF for certain groups into group-specific 
items. This remedy provides different group-specific estimates of 
the item difficulty (29). Due to the structural missing values created 
in splitting items for DIF, the overall t-test for unidimensionality of 
the scales could be performed only on the remaining non-split items.

As our initial analysis revealed problems with the fit of the SCIM-
SR to the Rasch model, we followed an analytic strategy that allowed 
examination of the metric properties in SCI-specific sub-groups in 
more detail while maintaining comparability across these groups. As 
illustrated in Fig. 1, as the starting point of the metric analysis we 
first fitted the Rasch model to the full sample. In case of misfit of the 
scale to the Rasch model due to DIF related to SCI characteristics, 
we divided the sample by SCI level and examined fit to the Rasch 
model of the SCIM-SR for each sub-group. If model fit was then still 
not achieved due to DIF related to degree, we would further split the 
respective samples by SCI degree implying the creation of a separate 

scale for each of the sub-groups. Subsequently, person parameters 
were estimated by weighted maximum likelihood estimates, taking into 
account that items with DIF had different item parameters in different 
groups. Thus, comparability across SCI sub-groups could be assured. 

The reliability of the Rasch transformed SCIM-SR scores was evalu-
ated by the person separation index (PSI). The value of the PSI can 
be interpreted similarly to that of the value of reliability in classical 
test theory (CTT). Under Rasch models the PSI is more appropriate 
than the CTT reliability, because the PSI refers to the reliability of 
the estimate of the person parameter of the Rasch model, whereas the 
reliability measure in CTT measures the reliability of the total raw 
score over all items. Values of approximately 0.70 and greater are 
acceptable for group level (30). 

Finally, once a sound metric is achieved, the ability estimates de-
rived from the Rasch analysis allow for constructing a user-friendly, 
unbiased, interval-scaled 0–100 metric. In the presence of items that 
were split for DIF, separate transformation tables are created for each 
sub-group level of the respective groups for which DIF split was 
performed; for instance, traumatic complete paraplegia in females, 
traumatic complete paraplegia in males, non-traumatic complete 
paraplegia in females, etc. 

RESULTS

Out of 1,549 individuals with SCI who completed the Basic 
Module, 1,530 provided sufficient responses on the SCIM-SR 
to be included in the present analyses. No systematic pattern 
was observed in persons with high missing responses. Descrip-
tive statistics of the study population stratified by SCI level 
and degree are shown in Table I. 

None of the participants in the study showed the lowest 
SCIM-SR total score possible. Some participants responded to 
every item with the maximal score, indicating that they expe-
rienced the highest level of independence that can be assessed 
with the SCIM-SR. The distribution of responses to the items is 
shown in Table II. Maximum scores were most frequent in the 
sub-groups with an incomplete injury, i.e. 11.4% and 12.3% of 
the persons with incomplete paraplegia and incomplete tetra-
plegia, respectively. Thus, no ceiling effects were revealed, 
as these figures were below the threshold of 15%. Certain 
response options were rare across SCI sub-groups; for exam-

Table I. Characteristics of the Swiss Spinal Cord Injury Cohort Study (SwiSCI) population of the community survey

  SwiSCI

Tetraplegia Paraplegia

Incomplete Complete Incomplete Complete

Total, n 1,530 310 156 569 483
Sex (female), n (%) 437 (28.5) 90 (29.0) 25 (16.0) 197 (34.6) 122 (25.3) 
Aetiology (non-traumatic), n (%) 327 (21.6) 51 (16.6) 8 (5.1) 201 (35.6) 64 (13.3) 
Language, n (%)      
German 1,074 (70.2) 228 (73.5) 105 (67.3) 392 (68.9) 339 (70.2) 
French 387 (25.3) 68 (21.9) 41 (26.3) 154 (27.1) 122 (25.3) 
Italian 70 (4.6) 14 (4.5) 10 (6.4) 23 (4.0) 22 (4.6) 

Questionnaire type, n (%)      
Online 633 (41.3) 139 (44.8) 103 (66.0) 184 (32.3) 200 (41.4) 
Paper form 882 (57.6) 167 (53.9) 49 (31.4) 378 (66.4) 282 (58.4) 
Telephone interview 16 (1.0) 4 (1.3) 4 (2.6) 7 (1.2) 1 (0.2) 

Age, years, mean (SD) 52.33 (14.77) 53.05 (15.63) 49.57 (13.47) 53.81 (15.37) 51.08 (13.66)
Education years, mean (SD) 13.59 (3.26) 13.34 (3.13) 13.75 (3.40) 13.44 (3.37) 13.90 (3.14)
Time since SCI, mean (SD) 16.84 (12.70) 14.34 (11.89) 21.23 (13.39) 13.70 (11.32) 20.72 (13.05)

Proportions are based on available information – missing values are not reported.
SCI: spinal cord injury; SD: standard deviation.

Fig. 1. Sub-group analysis strategy in case of misfit to the Rasch model 
of the full sample.

Full sample 

SCI Level 
Tetraplegia 

SCI Level 
Paraplegia 

SCI Degree 
Complete 

SCI Degree 
Incomplete 

SCI Degree 
Complete 

SCI Degree 
Incomplete 
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Table II. Response distribution of raw scores and scoring format for each item of Spinal Cord Independence Measure – Self Report (SCIM-SR) stratified 
by spinal cord injury-specific sub-groups

  
 

SCIM-SR 
Raw Score

Modified 
Raw Score

Total
n (%)

Tetraplegia Paraplegia

Incomplete
n (%)

Complete
n (%)

Incomplete
n (%)

Complete
n (%)

Subscale: Self-Care
Item 1 Eating and drinking
I need artificial feeding or a stomach tube. 0 0

0
30 (2.0) 6 (2.0) 19 (12.1) 4 (0.7) 0 (0.0) 

I need total assistance with eating/drinking. 0
I need partial assistance with eating/drinking or 
for putting on/taking off adaptive devices.

1 1 36 (2.4) 18 (5.9) 11 (7.0) 3 (0.5) 4 (0.8) 

I eat/drink independently, but I need adaptive 
devices or assistance for cutting food, pouring 
drinks or opening containers.

2 2 224 (14.8) 94 (30.9) 90 (57.3) 31 (5.5) 9 (1.9) 

I eat/drink independently without assistance or 
adaptive devices

3 3 1,223 (80.8) 186 (61.2) 37 (23.6) 524 (93.2) 465 (97.3) 

Item 2A Washing your upper body and head
I need total assistance. 0 0 114 (7.5) 43 (14.2) 55 (35.0) 9 (1.6) 6 (1.3) 
I need partial assistance. 1 1 182 (12.0) 59 (19.5) 43 (27.4) 40 (7.1) 40 (8.4) 
I am independent but need adaptive devices or 
specific equipment (e.g. bars, chairs).

2 2 439 (29.0) 66 (21.8) 31 (19.7) 149 (26.4) 189 (39.6) 

I am independent and do not need adaptive 
devices or specific equipment.

3 3 778 (51.4) 135 (44.6) 28 (17.8) 366 (64.9) 242 (50.7) 

Item 2B Washing your lower body
I need total assistance. 0 0 242 (16.1) 79 (26.3) 96 (61.1) 27 (4.8) 39 (8.2) 
I need partial assistance. 1 1 163 (10.8) 34 (11.3) 31 (19.7) 35 (6.3) 62 (13.0) 
I am independent but need adaptive devices or a 
specific equipment (e.g. bars, chairs).

2 2 509 (33.8) 76 (25.3) 20 (12.7) 181 (32.4) 227 (47.7) 

I am independent and do not need adaptive 
devices or specific equipment.

3 3 590 (39.2) 111 (37.0) 10 (6.4) 316 (56.5) 148 (31.1) 

Item 3A Dressing your upper body
I need total assistance. 0 0 151 (10.0) 61 (20.0) 73 (46.5) 7 (1.2) 9 (1.9) 
I need partial assistance, even with easy-to-dress 
clothes.

1 1 114 (7.5) 35 (11.5) 30 (19.1) 26 (4.6) 23 (4.8) 

I do not need assistance with easy-to-dress 
clothes, but I need adaptive devices or specific 
equipment. 

2 2 26 (1.7) 6 (2.0) 8 (5.1) 6 (1.1) 5 (1.0) 

I am independent with easy-to-dress clothes and 
only need assistance or adaptive devices or a 
specific setting with difficult-to-dress clothes.

3 3 12 (14.0) 61 (20.0) 26 (16.6) 63 (11.2) 62 (13.0) 

I am completely independent. 4 4 1,014 (66.8) 142 (46.6) 20 (12.7) 463 (81.9) 379 (79.3) 
Item 3B Dressing your lower body
I need total assistance. 0 0 257 (16.9) 89 (28.9) 104 (66.2) 29 (5.1) 34 (7.1) 
I need partial assistance, even with easy-to-dress 
clothes.

1 1 92 (6.1) 21 (6.8) 16 (10.2) 22 (3.9) 33 (6.9) 

I do not need assistance with easy-to-dress 
clothes, but I need adaptive devices or specific 
equipment.

2 2 21 (1.4) 2 (0.6) 2 (1.3) 5 (0.9) 12 (2.5) 

I am independent with easy-to-dress clothes and 
only need assistance or adaptive devices or a 
specific setting with difficult-to-dress clothes.

3 3 212 (14.0) 53 (17.2) 19 (12.1) 80 (14.2) 59 (12.4) 

I am completely independent. 4 4 936 (61.7) 143 (46.4) 16 (10.2) 428 (75.9) 339 (71.1) 
Item 4 Grooming
I need total assistance. 0 0 74 (4.8) 29 (9.4) 40 (25.5) 3 (0.5) 1 (0.2) 
I need partial assistance. 1 1 103 (6.7) 37 (12.0) 36 (22.9) 20 (3.5) 10 (2.1) 
I am independent with adaptive devices. 2 2 103 (6.7) 32 (10.4) 17 (10.8) 32 (5.6) 21 (4.4) 
I am independent without adaptive devices. 3 3 1,247 (81.7) 211 (68.3) 64 (40.8) 512 (90.3) 450 (93.4) 

Subscale: Sphincter & Respiration
Item 5 Breathing
I need a respiratory (tracheal) tube …
as well as permanent or from time to time assisted 
ventilation.

0 0 5 (0.3) 1 (0.3) 2 (1.3) 1 (0.2) 1 (0.2) 

as well as extra oxygen and a lot of assistance in 
coughing or respiratory tube management.

2 1 1 (0.1) 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 

J Rehabil Med 48



153Rasch analysis of SCIM-SR

Table II. Contd.

  
 

SCIM-SR 
Raw Score

Modified 
Raw Score

Total
n (%)

Tetraplegia Paraplegia

Incomplete
n (%)

Complete
n (%)

Incomplete
n (%)

Complete
n (%)

as well as little assistance in coughing or 
respiratory tube management.

4 2 4 (0.3) 2 (0.7) 0 (0.0) 1 (0.2) 1 (0.2) 

I do not need a respiratory (tracheal) tube …
but I need extra oxygen or a lot of assistance 
in coughing or a mask (e.g. PEEP) or assisted 
ventilation from time to time (e.g. BIPAP).

6 3 50 (3.5) 13 (4.4) 16 (10.6) 13 (2.5) 7 (1.5) 

 and only little assistance or stimulation for 
coughing.

8 4 64 (4.4) 20 (6.8) 30 (19.9) 6 (1.1) 8 (1.7) 

 and can breathe and cough independently without 
any assistance or adaptive devices.

10 5 1,324 (91.4) 257 (87.4) 103 (68.2) 506 (96.0) 447 (96.3) 

Item 6 Bladder management
Scoring of item 6: see Appendix B in Fekete et 
al. 2013

0 0 244 (17.7) 62 (22.5) 48 (33.6) 61 (12.0) 73 (16.4) 
6 1 184 (13.3) 45 (16.4) 62 (43.4) 29 (5.7) 47 (10.6) 
9 2 306 (22.2) 18 (6.5) 9 (6.3) 100 (19.7) 178 (40.0) 

11 3 161 (11.7) 23 (8.4) 8 (5.6) 63 (12.4) 66 (14.8) 
13 4 151 (10.9) 29 (10.5) 6 (4.2) 54 (10.7) 62 (13.9) 
15 5 334 (24.2) 98 (35.6) 10 (7.0) 200 (39.4) 19 (4.3) 

Item 7 Bowel management
Scoring of item 7: see Appendix C in Fekete et 
al. 2013

0 0 195 (13.5) 40 (14.0) 15 (9.7) 98 (18.5) 40 (8.8) 
5 1 463 (32.2) 105 (36.7) 119 (77.3) 109 (20.5) 129 (28.2) 
8 2 203 (14.1) 22 (7.7) 6 (3.9) 80 (15.1) 93 (20.4) 

10 3 579 (40.2) 119 (41.6) 14 (9.1) 244 (46.0) 195 (42.7) 
Item 8 Using the toilet
I need total assistance. 0 0 213 (14.3) 74 (24.5) 91 (59.9) 18 (3.2) 29 (6.2) 
I need partial assistance and cannot clean myself. 1 1 56 (3.8) 9 (3.0) 19 (12.5) 5 (0.9) 23 (4.9) 
I need partial assistance but can clean myself. 2 2 83 (5.6) 15 (5.0) 15 (9.9) 25 (4.5) 27 (5.8) 
I do not need assistance but I need adaptive 
devices (e.g. bars) or a special setting (e.g. 
wheelchair accessible toilet).

4 3 573 (38.4) 71 (23.5) 22 (14.5) 183 (32.8) 294 (63.0) 

I do not need any assistance, adaptive devices or a 
special setting.

5 4 566 (38.0) 133 (44.0) 5 (3.3) 327 (58.6) 94 (20.1) 

Subscale Mobility
Item 9 Movement without assistance or electric aids
None, I need assistance in all these activities [see 
examples in Fekete et al. 2013]

0 0 246 (16.4) 59 (19.4) 85 (55.2) 49 (8.9) 50 (10.4) 

One 2 1 100 (6.7) 27 (8.9) 18 (11.7) 26 (4.7) 29 (6.0) 
Two or three 4 2 211 (14.1) 54 (17.8) 26 (16.9) 46 (8.4) 85 (17.7) 
All of them 6 3 940 (62.8) 164 (53.9) 25 (16.2) 428 (78.0) 316 (65.8) 

Item 10 Transfers from the bed to the wheelchair
I need total assistance. 0 0 162 (10.8) 50 (16.5) 80 (51.0) 12 (2.2) 19 (4.0) 
I need partial assistance, supervision or adaptive 
devices (e.g. sliding board).

1 1 243 (16.2) 49 (16.2) 42 (26.8) 45 (8.2) 107 (22.3) 

I do not need any assistance or adaptive devices. 2 2 1,092 (72.9) 204 (67.3) 35 (22.3) 490 (89.6) 353 (73.7) 
I do not use a wheelchair. 2 2

Item 11 Transfers from the wheelchair to the toilet/tub
I need total assistance. 0 0 237 (16.0) 75 (24.9) 101 (65.6) 22 (4.1) 38 (8.0) 
I need partial assistance, supervision or adaptive 
devices (e.g. grab-bars).

1 1 419 (28.3) 59 (19.6) 40 (26.0) 101 (18.7) 218 (46.1) 

I do not need any assistance or adaptive devices. 2 2 823 (55.6) 167 (55.5) 13 (8.4) 418 (77.3) 216 (45.8) 
I do not use a wheelchair. 2 2

Item 12 Moving around indoors
I use a wheelchair. To move around, …
I need total assistance. 0 0 33 (2.2) 3 (1.0) 12 (7.7) 10 (1.9) 8 (1.7) 
I need an electric wheelchair or partial assistance 
to operate a manual wheelchair.

1 1 123 (8.3) 45 (15.0) 42 (26.9) 17 (3.1) 18 (3.8) 

I am independent in a manual wheelchair. 2 2 807 (54.3) 103 (34.3) 95 (60.9) 168 (31.1) 437 (91.2) 
I walk indoors and I …
need supervision while walking (with or without 
walking aids).

3 3 15 (1.0) 7 (2.3) 1 (0.6) 5 (0.9) 2 (0.4) 

walk with a walking frame or crutches, swinging 
forward with both feet at a time.

4 4 14 (0.9) 6 (2.0) 0 (0.0) 7 (1.3) 1 (0.2) 
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ple, the need for a respiration tube or permanent extra oxygen, 
walking indoors with supervision, walking moderate distances 
with walking frame or crutches, and walking 100 m with walk-

ing frame or crutches. Other response options were chosen by 
more than 90% of the persons with paraplegia; for example, 
eating and drinking independently but with assistive devices, 

Table II. Contd.

  
 

SCIM-SR 
Raw Score

Modified 
Raw Score

Total
n (%)

Tetraplegia Paraplegia

Incomplete
n (%)

Complete
n (%)

Incomplete
n (%)

Complete
n (%)

walk with crutches or two canes, setting one foot 
before the other.

5 5 95 (6.4) 12 (4.0) 2 (1.3) 77 (14.3) 4 (0.8) 

walk with one cane. 6 6 49 (3.3) 15 (5.0) 1 (0.6) 33 (6.1) 0 (0.0) 
walk with a leg orthosis(es) only (e.g. leg splint). 7 7 42 (2.8) 4 (1.3) 0 (0.0) 31 (5.7) 6 (1.3) 
walk without walking aids. 8 8 308 (20.7) 105 (35.0) 3 (1.9) 192 (35.6) 3 (0.6) 

Item 13 Moving around moderate distances (10 to 100 m)
I use a wheelchair. To move around, …
I need total assistance. 0 0 59 (4.0) 12 (4.0) 18 (11.7) 13 (2.4) 15 (3.2) 
I need an electric wheelchair or partial assistance 
to operate a manual wheelchair.

1 1 204 (13.8) 62 (20.8) 63 (40.9) 35 (6.5) 44 (9.3) 

I am independent in a manual wheelchair. 2 2 686 (46.5) 76 (25.5) 63 (40.9) 143 (26.5) 400 (84.7) 
I walk moderate distances and I …
need supervision while walking (with or without 
walking aids).

3 3 24 (1.6) 8 (2.7) 4 (2.6) 10 (1.9) 2 (0.4) 

walk with a walking frame or crutches, swinging 
forward with both feet at a time. 

4 4 12 (0.8) 6 (2.0) 0 (0.0) 6 (1.1) 0 (0.0) 

walk with crutches or two canes, setting one foot 
before the other.

5 5 135 (9.2) 26 (8.7) 2 (1.3) 104 (19.3) 3 (0.6) 

walk with one cane. 6 6 67 (4.5) 24 (8.1) 0 (0.0) 43 (8.0) 0 (0.0) 
walk with a leg orthosis(es) only (e.g. leg splint). 7 7 41 (2.8) 3 (1.0) 0 (0.0) 32 (5.9) 5 (1.1) 
walk without walking aids. 8 8 246 (16.7) 81 (27.2) 4 (2.6) 154 (28.5) 3 (0.6) 

Item 14 Moving around outdoors for more than 100 m
I use a wheelchair. To move around, …
I need total assistance. 0 0 99 (6.7) 24 (8.0) 25 (16.4) 24 (4.4) 25 (5.3) 
I need an electric wheelchair or partial assistance 
to operate a manual wheelchair.

1 1 349 (23.5) 97 (32.2) 81 (53.3) 75 (13.7) 96 (20.2) 

I am independent in a manual wheelchair. 2 2 563 (37.9) 47 (15.6) 39 (25.7) 131 (23.9) 342 (72.0) 
I walk more than 100 meters and I …
need supervision while walking (with or without 
walking aids).

3 3 19 (1.3) 6 (2.0) 1 (0.7) 9 (1.6) 3 (0.6) 

walk with a walking frame or crutches, swinging 
forward with both feet at a time.

4 4 8 (0.5) 3 (1.0) 0 (0.0) 5 (0.9) 0 (0.0) 

walk with crutches or two canes, setting one foot 
before the other.

5 5 118 (7.9) 22 (7.3) 1 (0.7) 90 (16.5) 4 (0.8) 

walk with one cane. 6 6 58 (3.9) 20 (6.6) 1 (0.7) 37 (6.8) 0 (0.0) 
walk with a leg orthosis(es) only (e.g. leg splint). 7 7 36 (2.4) 3 (1.0) 0 (0.0) 30 (5.5) 3 (0.6) 
walk without walking aids. 8 8 235 (15.8) 79 (26.2) 4 (2.6) 146 (26.7) 2 (0.4) 

Item 15 Going up or down stairs
I am unable to go up and down stairs. 0 0 844 (58.8) 135 (46.6) 141 (96.6) 147 (27.2) 416 (92.9) 
I can go up and down at least 3 steps …
but only with assistance or supervision. 1 1 47 (3.3) 10 (3.4) 0 (0.0) 21 (3.9) 16 (3.6) 
but only with devices (e.g. handrail, crutch, cane). 2 2 281 (19.6) 59 (20.3) 2 (1.4) 203 (37.6) 14 (3.1) 
without any assistance, supervision or devices. 3 3 264 (18.4) 86 (29.7) 3 (2.1) 169 (31.3) 2 (0.4) 

Item 16 Transfers from the wheelchair into the car
I need total assistance. 0 0 216 (14.6) 69 (23.3) 77 (50.3) 29 (5.3) 40 (8.4) 
I need partial assistance, supervision or adaptive 
devices.

1 1 366 (24.7) 69 (23.3) 49 (32.0) 84 (15.3) 163 (34.2) 

I do not need any assistance or adaptive devices. 2 2 901 (60.8) 158 (53.4) 27 (17.6) 435 (79.4) 272 (57.3) 
I do not use a wheelchair. 2 2

Item 17 Transfers from the floor to the wheelchair
I need assistance. 0 0 841 (53.1) 168 (51.5) 149 (94.7) 171 (27.4) 349 (71.4)
I do not need any assistance. 1 1 689 (46.8) 142 (48.5) 8 (5.3) 398 (72.6) 133 (28.5) 
I do not use a wheelchair. 1 1
Maximum Total Score 100 74      

Proportions are based on available information – missing values are not reported. 
PEEP: positive end-expiratory pressure; BIPAP: bi-level positive airway pressure.
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being independent and not in need of supervision in grooming, 
and being able to breathe and cough independently and without 
assistance. The responses of people with tetraplegia showed 
a better distribution across response options in these items. 
There were also items for which the frequency of responses 
was more alike in persons with complete or incomplete lesions. 
For instance, both in persons with complete paraplegia and in 
those with tetraplegia, more than 90% of people indicated that 
they were unable to ascend or descend stairs. 

The initial Rasch analysis with the full sample did not fit the as-
sumptions of the Rasch model. As DIF for lesion level was found 
for all items except for SCIM-SR Item 7 Breathing (Table III), 
we proceeded with separate sub-group analyses for persons with 
tetraplegia and paraplegia. Furthermore, residual correlations of 
the Rasch residuals indicated clear issues of local dependency 
with similar patterns to those of the sub-scale structure of the 
SCIM-SR. To accommodate this issue, we opted for a testlet 
design by grouping items into the 3 underlying sub-scales (Table 
III). Following this strategy, the SCIM-SR revealed good model 
fit in the sub-group of persons with tetraplegia after adjusting for 
DIF related to time since injury, gender, and age in the Mobility 
testlet (Table IV). In the sub-group of persons with paraplegia, 
however, the strong misfit of SCIM-SR to the Rasch model 
persisted with strong DIF for SCI degree. A distinct sub-group 
analysis of persons with complete and incomplete paraplegia 
resulted in model fit for the group of complete paraplegia after 

also adjusting for DIF related to gender and SCI aetiology. The 
testlet design showed unidimensionality in most groups; only the 
group of persons with complete paraplegia presented a percentage 
of significant pairwise differing ability estimates slightly above 
5% (lower limit of confidence interval 5%). In persons with in-
complete paraplegia no model fit of the SCIM-SR was achieved 
even after accommodating for DIF related to age in the Self-Care 
testlet. Table IV shows the findings of the model fit statistics 
including targeting, local dependency, unidimensionality and 
DIF for all sub-groups; the table contains, for each analysis, the 
3 testlet design before any remedies have been applied and the 
best fitting solution based on the 3 testlet design after relevant 
remedies. The detailed findings of the models reported in Table 
IV, namely the item difficulty and fit statistics, the split strate-
gies, uniform and non-uniform DIF and the eigenvalues and first 
component, are all shown in Appendix I.

To allow for comparability across SCI sub-groups, all 
sub-group analyses were anchored on the parameters of the 
Respiration and Sphincter testlet from the sub-group analysis 
in persons with complete paraplegia. This testlet was chosen 
as it showed good fit and invariance across all relevant groups 
in all the Rasch models undertaken. The results of the anchor 
analysis are shown at the bottom of Table IV.

Analysis of the Rasch model’s targeting revealed that the 
mean person’s ability is higher than the mean level of inde-
pendence of the scale. The group of persons with incomplete 

Fig. 2. Distribution of person estimates (upper line) and item estimates (lower line) plotted on the same continuum per spinal cord injury (SCI) sub-group.
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paraplegia appeared the most-off target, with mean abilities 
more than 1.5 logit above the mean item difficulty in the fi-
nal anchored model. The group of persons which is the best 
addressed by the SCIM-SR is those with tetraplegia. The 
application of the testlet design and the adjustments for DIF 
improved the targeting. 

Fig. 2 illustrates the distribution of the person ability esti-
mates stratified by SCI sub-groups. The sub-group of persons 
with incomplete paraplegia resulted in having the highest in-
dependence (mean 73.27; standard deviation (SD) 10.31), fol-
lowed by the sub-groups of persons with incomplete tetraplegia 
(mean 67.87; SD 16.26) and complete paraplegia (mean 66.3; 
SD 7.94). The sub-group of people with complete tetraplegia 
had the highest functional dependency (mean 52.78; SD 7.94) 
as measured with the SCIM-SR.

The transformation table of the raw scores into a user-
friendly, interval-scaled 0–100 metric is shown in Appendix 
II. It is worth mentioning, that prior to conducting the Rasch 
analysis, and ultimately to apply the transformation table, the 
response options for some item scores of the SCIM-SR had 
to be re-coded starting with 0, as shown in Table III. After 
re-coding of the SCIM-SR items, the maximum score of the 
SCIM-SR was 74, compared with an unmodified score of 100. 

DISCUSSION

This study provides first evidence from a Rasch measurement 
perspective of the internal construct validity and reliability of 
the SCIM-SR in people with traumatic and non-traumatic SCI 
living in Switzerland, and provides supporting evidence for 
the usefulness of the SCIM-SR, a relatively newly developed 
self-report instrument for the assessment and monitoring of 
functional independence in people with SCI. Applying a testlet 
design aligned with the sub-scale structure of the SCIM-SR 
made it possible to adjust for the high number of locally de-
pendent items in the SCIM-SR. As local dependency was not 
the only salient issue, but also DIF for SCI-related groups, a 
testlet and sub-group design was applied. After conducting 
sub-group analyses, fit to the Rasch model was achieved in 
the sub-group of persons with tetraplegia and complete para-
plegia, but not in the sub-group of persons with incomplete 
paraplegia. Anchoring all sub-groups onto a common testlet 
adjusted for invariance in item difficulty caused by the injury 
characteristics and made it possible to retain comparability of 
ability estimates across SCI sub-groups. 

The testlet approach is user-friendly, aggregating the locally 
dependent items together to make a super-item. This makes it 
possible to maintain the scoring tradition of the SCIM III, and 
recommended scoring for the SCIM-SR, namely that scores for 
each item can be summed into a total score. From a methodo-
logical point of view, the testlet solution is promising as it takes 
the information for all items into account in the scoring, while 
accommodating the locally dependent items. From a clinical 
management and researchers’ point of view, having a total score 
on functional independence of people with SCI is convenient for 
outcome evaluation and clinical resource allocation. 

The various DIF patterns that emerged in different sub-
groups reflect the complexity of SCI, especially with regards 
to effects of injury characteristics and injury level and degree. 
Methodologically speaking, this does not cause a problem 
as it can be adjusted for statistically and accounted for in 
group-specific transformation tables (see Appendix II). To 
accommodate the high DIF for lesion level across almost all 
items, we split the sample into SCI-relevant sub-groups and 
subsequently applied an anchor design. Despite a complex 
analytical approach, the SCIM-SR did not fit the assumptions 
of the Rasch model in the sub-group of incomplete paraplegia, 
which may introduce an unknown level of bias in the person 
estimates. Also, the reliability of the scale as indicated by the 
PSI was lower in this SCI-specific sub-group than the others, 
allowing only 2 groups to be distinguished reliably, and the 
decrease in PSI was most pronounced in the sub-group of 
persons with incomplete paraplegia (Table IV). Some indica-
tions of problems with the SCIM III with respect to high- vs 
low-ability subjects in the Rasch analysis of the SCIM III (9), 
and paraplegia vs tetraplegia (10) were also reported in the 
previous studies of the SCIM III. These issues point more to 
conceptual challenges on whether functional independence can 
be assumed to have the same underlying meaning in persons 
with paraplegia and tetraplegia. We recommend using the trans-
formation Table (Appendix II) of Rasch transformed scores of 
the SCIM-SR, which are adjusted for SCI-specific sub-groups, 
to study change over time in people with SCI. Though the 
extent of bias introduced into the estimates for persons with 
incomplete paraplegia due to model misfit is unknown, this 
approach results in a total score on an interval level, which is 
better suited to monitor the functional independence of people 
with SCI than the ordinal raw total score. Furthermore, one 
must also consider the sample sizes available in the study for 
constructing the transformation tables. The groups of males 
with non-traumatic complete paraplegia and females with 
higher age, shorter time since injury, and tetraplegia were rather 
small (Appendix II); thus, the transformed scores are only 
provisional. Due to lack of persons achieving a certain score, 
in particular at the upper end of the continuum of functional 
independence, the transformed scores are statistical estimates. 
Further studies are needed with reasonable sample sizes in 
all sub-groups. Developing a similar scoring scheme for the 
SCIM III is strongly recommended to ensure that the total score 
can be used reliably to study change over time. Furthermore, 
future research should examine further the varying patterns 
of functioning within and across different SCI sub-groups.

With respect to the distribution of person and items along the 
continuum of functional independence of the SCIM-SR, some 
clustering can be observed in the 2 groups of paraplegia and a 
fairly good distribution along the continuum in the groups of 
tetraplegia (Fig. 2). In particular, high clustering at the upper 
end of the continuum, i.e. being functionally independent, is 
obvious in the group of persons with incomplete paraplegia. 
Similar observations have been reported for the SCIM III as 
well as in a very recently developed Greek SCIM III self-report 
version (31). These findings are contrary to what has been 
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found in the previous Rasch analyses of the SCIM III, where 
a clustering, in particular for the mobility items, was found at 
the lower end of the continuum of functional independence (9, 
10). This may reflect the different samples, namely inpatient 
rehabilitation samples at admission in the previous studies vs 
a community-based sample in the present study. If this inter-
pretation holds, then further research is needed to examine 
the targeting of the SCIM-SR to enhance its utility along the 
continuum of care. 

To further develop the SCIM III and SCIM-SR, it is also 
important to examine whether the hierarchical ordering of 
response options presented in the SCIM has the same meaning 
for professionals and persons living with SCI. The previous 
Rasch analyses of the SCIM III have indicated problems with 
the thresholds (9, 10) even after accommodating some of the 
issues identified in SCIM II (8). In the Rasch analysis of the 
mobility sub-scale, for instance, it is assumed that being in 
a wheelchair reflects more dependency than walking with a 
walking frame or crutches. From a clinical management point 
of view this is a valid reasoning. The person living with SCI, 
however, may prefer to move around in a wheelchair rather 
than to walk with a walking frame or crutches. In that case, the 
ordering of the response options is no longer a good estimate 
of the underlying construct. Similarly, the scoring categories 
of the bladder and bowel management items reflect only partly 
an underlying construct of patient’s ability. Therefore, it is 
not surprising that analyses of the SCIM-III and SCIM-SR 
reveal problems with fit to the model. The same phenomenon 
has been described concerning the measurement of participa-
tion (32). Conducting cognitive debriefing of both the SCIM 
III and SCIM-SR would provide further insights into how 
patients interpret the response options and reveal potential 
further sources of misfit. 

This study has some limitations. All information, including 
information about SCI characteristics, was self-reported. In 
particular for lesion level and degree the self-report may not 
always be in full accordance with a clinician’s characterization 
of SCI. However, linkage with medical records demonstrated 
substantial agreement between previously documented and 
self-reported information (16). Furthermore, anchoring with 
only one item may weaken the robustness of the anchor design 
(33). Although this item was a testlet with response options 
aggregated of 3 items, it is unknown at present if this has an 
impact on the precision of anchoring. 

CONCLUSION

The SCIM-SR violates certain assumptions of the Rasch meas-
urement model, as shown by the local dependency and DIF in 
our results. Despite this, however, we found an intermediate 
solution by conducting sub-group analyses and then anchoring 
these scales on a common testlet to facilitate comparability 
of persons’ scores across sub-groups. Based on the evidence 
gained in this study, it is advisable for the time being to use 
this approach to compute Rasch transformed SCIM-SR scores 

for the assessment and monitoring of functional independence 
of persons with SCI.
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APPENDIX II. Transformation table from the modified raw scores into user-friendly, unbiased, interval-scaled 0–100 metric

Subgroups
Modified Raw Score

Complete Paraplegia Incomplete Paraplegia Tetraplegia

Female
0–100 
Score

Male 
non-
traumatic
0–100 
Score

Male 
traumatic 
injury
0–100 
Score

Age = 0
0–100 
Score

Age = 1 
TSI = 0
0–100 
Score

Age = 1 
TSI = 1
0–100 
Score

TSI = 1
0–100 
Score

Age = 0 
TSI = 0
0–100 
Score

Age = 1 
TSI = 0 
Female
0–100 
Score

Age = 1 
TSI = 0 
Male
0–100 
Score

n in Rasch analysis 98 26 282 119 189 147 179 70 28 75
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 13.8 13.6 15.2 14.0 13.9 14.0 13.9 13.9 13.4 14.0
2 23.2 22.7 25.6 24.8 24.6 24.6 24.4 24.5 23.2 24.6
3 29.8 28.7 32.7 33.2 32.7 32.6 32.3 32.4 30.3 32.8
4 34.4 33.0 37.8 39.1 38.5 38.3 37.7 37.8 35.4 38.5
5 38.0 36.4 41.7 43.2 42.5 42.3 41.6 41.6 39.2 42.2
6 41.0 39.1 44.9 46.1 45.4 45.3 44.4 44.4 42.2 44.9
7 43.6 41.5 47.6 48.3 47.7 47.6 46.7 46.5 44.7 46.9
8 45.9 43.6 49.9 50.0 49.6 49.5 48.5 48.3 46.8 48.5
9 47.9 45.6 51.9 51.5 51.2 51.1 50.1 49.8 48.7 49.8

10 49.6 47.4 53.6 52.7 52.6 52.6 51.5 51.2 50.2 51.0
11 51.1 49.2 55.0 53.8 53.8 53.9 52.8 52.4 51.6 52.0
12 52.4 50.8 56.3 54.8 55.0 55.0 53.9 53.5 52.8 53.0
13 53.6 52.3 57.4 55.7 56.1 56.2 55.0 54.6 54.0 53.9
14 54.7 53.8 58.5 56.6 57.1 57.2 55.9 55.5 55.0 54.7
15 55.6 55.2 59.5 57.4 58.0 58.2 56.9 56.4 56.0 55.5
16 56.5 56.5 60.4 58.2 58.9 59.1 57.7 57.3 56.9 56.3
17 57.4 57.7 61.4 58.9 59.8 59.9 58.6 58.1 57.7 57.0
18 58.2 58.8 62.3 59.6 60.5 60.8 59.4 58.9 58.6 57.7
19 58.9 59.9 63.2 60.4 61.3 61.5 60.1 59.7 59.4 58.3
20 59.7 61.0 64.1 61.0 62.0 62.2 60.9 60.5 60.2 59.0
21 60.4 61.9 65.0 61.7 62.7 62.9 61.6 61.2 60.9 59.6
22 61.1 62.8 65.8 62.4 63.3 63.5 62.3 61.9 61.6 60.2
23 61.7 63.7 66.6 63.0 63.9 64.0 63.0 62.6 62.3 60.8
24 62.4 64.5 67.4 63.6 64.5 64.5 63.6 63.2 63.0 61.4
25 63.0 65.2 68.2 64.2 65.0 64.9 64.3 63.9 63.7 61.9
26 63.7 65.9 68.9 64.8 65.5 65.4 64.9 64.5 64.3 62.5
27 64.3 66.7 69.7 65.3 66.0 65.8 65.5 65.2 64.9 63.0
28 64.9 67.4 70.4 65.8 66.5 66.2 66.1 65.8 65.5 63.5
29 65.5 68.0 71.1 66.3 66.9 66.5 66.7 66.4 66.1 64.0
30 66.2 68.7 71.8 66.8 67.4 66.9 67.2 67.0 66.7 64.5
31 66.8 69.4 72.5 67.3 67.8 67.2 67.8 67.5 67.3 65.0
32 67.5 70.0 73.3 67.7 68.2 67.6 68.4 68.1 67.9 65.5
33 68.1 70.7 74.0 68.1 68.6 68.0 68.9 68.7 68.5 65.9
34 68.8 71.4 74.7 68.5 69.1 68.4 69.5 69.2 69.0 66.4
35 69.5 72.2 75.5 68.9 69.5 68.8 70.0 69.8 69.6 66.8
36 70.2 73.9 76.3 69.4 69.9 69.2 70.5 70.4 70.3 67.2
37 71.0 74.8 77.1 69.8 70.4 69.6 71.1 70.9 71.3 67.6
38 71.8 74.9 78.0 70.2 70.9 70.1 71.6 71.5 72.0 68.1
39 72.6 74.9 78.8 70.7 71.3 70.6 72.1 72.0 72.3 68.5
40 73.5 75.0 79.8 71.1 71.8 71.2 72.7 72.6 72.5 68.9
41 74.4 75.0 80.7 71.6 72.3 71.7 73.2 73.2 72.7 69.3
42 75.3 75.1 81.8 72.1 72.8 72.3 73.7 73.8 72.8 69.6
43 76.3 75.1 82.8 72.7 73.3 72.9 74.3 74.5 73.0 70.0
44 77.4 75.1 84.0 73.3 73.8 73.5 74.8 75.1 73.1 70.4
45 79.6 75.2 85.2 73.9 74.3 74.1 75.4 75.8 73.2 70.8
46 81.1 75.2 86.4 74.4 74.8 74.6 75.9 76.5 73.2 71.1
47 81.1 75.3 87.8 75.0 75.3 75.2 76.4 77.2 73.3 71.5
48 81.2 75.3 89.2 75.5 75.7 75.6 76.9 77.9 73.4 71.9
49 81.2 75.3 90.6 76.0 76.1 76.1 77.3 78.7 73.5 72.2
50 81.2 75.4 92.2 76.4 76.4 76.4 77.7 79.4 73.6 72.6
51 81.3 75.4 93.9 76.7 76.7 76.8 78.0 80.2 73.7 72.9
52 81.4 75.5 98.1 77.0 76.9 77.0 78.3 81.0 73.8 73.3
53 81.4 75.6 98.2 77.3 77.2 77.3 78.5 81.7 73.8 73.6
54 81.5 75.6 98.3 77.5 77.4 77.5 78.7 82.4 73.9 74.0
55 81.5 75.6 98.4 77.7 77.6 77.7 79.0 83.1 74.0 74.3
56 81.5 75.6 98.5 77.9 77.8 77.9 79.2 83.7 74.1 74.7
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APPENDIX II. Contd.

Subgroups
Modified Raw Score

Complete Paraplegia Incomplete Paraplegia Tetraplegia

Female
0–100 
Score

Male 
non-
traumatic
0–100 
Score

Male 
traumatic 
injury
0–100 
Score

Age = 0
0–100 
Score

Age = 1 
TSI = 0
0–100 
Score

Age = 1 
TSI = 1
0–100 
Score

TSI = 1
0–100 
Score

Age = 0 
TSI = 0
0–100 
Score

Age = 1 
TSI = 0 
Female
0–100 
Score

Age = 1 
TSI = 0 
Male
0–100 
Score

57 81.6 75.7 98.5 78.1 78.0 78.1 79.4 84.3 74.2 75.1
58 81.6 75.8 98.6 78.3 78.2 78.3 79.6 84.7 74.3 75.4
59 81.6 75.8 98.7 78.5 78.3 78.5 79.7 85.2 74.4 75.8
60 81.8 75.9 98.8 78.7 78.6 78.7 80.0 85.5 74.5 76.2
61 81.8 75.9 98.9 78.9 78.7 78.9 80.1 85.9 74.7 76.6
62 81.8 75.9 98.9 79.1 79.0 79.1 80.3 86.2 74.9 77.0
63 81.8 75.9 99.0 79.3 79.2 79.3 80.6 86.5 75.2 77.5
64 81.9 76.1 99.1 79.5 79.4 79.5 80.8 86.8 75.7 77.9
65 81.9 76.1 99.1 79.8 79.6 79.8 81.0 87.1 77.4 78.5
66 81.9 76.1 99.2 80.1 80.0 80.1 81.3 87.4 78.6 79.1
67 82.0 78.3 99.2 80.4 80.3 80.4 81.7 87.7 79.8 79.8
68 82.0 80.9 99.4 80.8 80.8 80.9 82.1 88.0 81.1 80.6
69 82.1 83.1 99.4 81.4 81.5 81.5 82.8 88.4 82.6 81.7
70 82.2 85.4 99.6 82.2 82.6 82.5 83.7 88.9 84.4 83.1
71 82.2 88.9 99.6 84.0 84.5 84.3 85.3 89.5 86.5 85.0
72 82.2 92.4 99.6 87.0 87.6 87.4 88.0 90.5 89.4 87.9
73 92.8 98.0 99.8 91.9 92.4 92.3 92.5 93.1 93.6 92.6
74 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Age 0: Lower age group; Age 1: Higher age group; TSI 0: Less time since injury group; TSI 1: Longer time since injury group; n: Number of people 
included in sub-group specific analysis.
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