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Observational study of the effectiveness of spinal cord injury
rehabilitation using the Spinal Cord Injury-Ability Realization
Measurement Index

G Scivoletto1, J Bonavita2, M Torre1, I Baroncini2, S Tiberti3, E Maietti2, L Laurenza1, S China2, V Corallo4,
F Guerra2, L Buscaroli2, C Candeloro5, E Brunelli2, A Catz6,7 and M Molinari1

Study design: Retrospective observational study.
Objectives: The objective of this study was to determine the rehabilitation potential and the extent to which it is realized in a cohort of
spinal cord injury patients using the Spinal Cord Injury-Ability Realization Measurement Index (SCI-ARMI) and to study the clinical
factors that influence this realization.
Setting: Two spinal units in Italy.
Methods: Consecutive patients were assessed at the end of an in-patient rehabilitation program using the Spinal Cord Independence
Measure and the International Standards for Neurological Classification of Spinal Cord Injury. On the basis of these data and of the age
and gender of the patients, we calculated the SCI-ARMI score. Regression analyses were performed to study the relationship between
clinical factors and the extent to which rehabilitation potential is realized.
Results: We examined the data for 306 patients. Most patients were discharged without having reached their rehabilitation potential,
with an SCI-ARMI scoreo80%. SCI-ARMI scores at discharge were positively influenced by etiology and the lesion level and correlated
negatively with lesion severity and the presence of complications during rehabilitation.
Conclusion: The SCI-ARMI is an effective tool that can be used to measure the achievement of rehabilitation potential in SCI patients
and to identify groups of patients who are at risk of not meeting their rehabilitative potential.
Spinal Cord (2016) 54, 467–472; doi:10.1038/sc.2015.153; published online 15 September 2015

INTRODUCTION

The Spinal Cord Injury-Ability Realization Measurement Index
(SCI-ARMI) is a tool that is based on the Spinal Cord Independence
Measure (SCIM), which evaluates the success of rehabilitation and the
rehabilitation potential of spinal cord injury (SCI) patients after
controlling for their clinical (motor scores) and demographic (gender
and age) factors.1,2

Ability realization is defined as the ratio of the observed and
maximum possible performance of daily activities, for any level of
severity of an SCI. The SCI-ARMI score is ability realization, expressed
as a percentage. The difference between an SCI-ARMI score of 100
(representing 100% ability realization) and the score before rehabilita-
tion reflects the rehabilitation potential when the neurological deficit is
stable. The change in the ability realization during rehabilitation is
primarily considered to indicate the effect of rehabilitation.
The SCI-ARMI instrument was introduced in 2004.1 Since then,

several versions of this tool have been developed. A newly published
version is based on SCIM III3 and incorporates clinical (motor scores
of the International Standards for Neurological Classification of Spinal
Cord Injury) and demographic factors (age and gender).4

In developing the SCI-ARMI, the 95th percentile of SCIM III values
at discharge from rehabilitation (SCIM95) was used to provide a
conservative estimate of the maximum possible performance of
daily activities for each AMS value. A quadratic formula, based on
the data of 661 SCI patients from 6 countries, generated the best
estimation of the SCIM95.4 The original quadratic model for the
SCIM95, which was a function of AMS alone, was extended by
adding age at admission to rehabilitation and gender as factors.
These additions had statistically significant effects on the SCIM95
(P40.03), and there were no interactions with AMS or between
age and gender. Adding country of residence to the model had no
further statistically significant effects on SCIM95. The latest version
of the SCI-ARMI (Figure 1) is obtained by dividing the
individual’s SCIM III score by the calculated SCIM95 score, expressed
as a percentage. The formula produces similar values between
countries.
The aim of this study was to apply the newest version of the

SCI-ARMI to a group of patients to evaluate the extent of their
ability realization and examine the clinical factors that influence the
realization of their rehabilitation potential.
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PATIENTS AND METHODS
We retrospectively examined the data for consecutive patients who were
hospitalized at two specialized Italian centers between 1 January 2007 and

31 December 2013 for their first rehabilitation after SCI. The exclusion criteria
were patients who showed neurological deterioration. Whenever a patient was

discharged or transferred for more than 3 weeks, the readmission was
considered a second admission, and the patient was excluded.
For each patient, we recorded the following data:

- Age.
- Gender.
- Total hospitalization duration (acute+rehabilitation stay).
- Etiology of the lesion (traumatic or nontraumatic).
- Associated lesions (traumatic brain injury, nonvertebral fractures that
required surgery, severe facial injuries that affected the sense organs, major
chest injury that required a chest tube or mechanical ventilation, severe

hemorrhaging or damage to any internal organ that required surgery)5

were categorized (only for patients with traumatic lesions) as present or

absent.
- Medical complications (pressure sores, deep vein thrombosis, pulmonary

embolism, heterotopic ossifications, urological complications, pain, spas-
ticity and depression) on admission to rehabilitation and during the

rehabilitation stay were recorded as present or absent.6

- Major surgical interventions.

At admission and discharge, neurological status was evaluated as per the

International Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI) with regard to motor scores, neurological level and American Spinal

Injury Association (ASIA) Impairment Scale (AIS) scores.7

Functional status at admission and discharge was evaluated using SCIM III.3

On the basis of these data, we calculated the SCI-ARMI score, which is the
percentage of rehabilitation potential that is met by the patients (Figure 1).

Statistical analysis
Descriptive values, expressed as mean± s.d. (median and range), were supplied

for all continuous clinical data, whereas frequencies and percentages were
reported for categorical data.
Regression analyses were performed to test the influence of independent

variables on SCI-ARMI. We considered the SCI-ARMI at discharge as a

continuous outcome and seven selected independent variables as predictors.
Explanatory variables were categorical (ASIA and lesion level), dichotomous
(etiology, surgical treatment, complications at admission, complications during

hospitalization) or continuous (length of stay in the hospital).
Univariate regression models were run, and significant predictors were then

included in the multivariate estimation. The multivariate model was estimated
by stepwise regression, including one variable at a time and testing the

significance of the predictors stepwise. We calculated F-test P-values to
determine the significance of the association between the predictors and the
outcome, the relative proportion of the explained variability and the coefficients

of all significant explanatory variables and their 95% confidence intervals
(95% CIs). Predictors were considered to be significant at an α level of 0.05.
The association between predictors was then analyzed to avoid multi-

collinearity. The Wilcoxon Mann–Whitney test and the Kruskal–Wallis test

were used for continuous predictors, and Pearson’s χ2 test was used for
categorical variables.

In a subset of 225 patients, specific complications were included in the
multivariate regression model to identify those that influenced SCI-ARMI
scores at discharge.

RESULTS

The study sample comprised 319 subjects, but 13 cases with missing
data were omitted from the database. Thus, we examined the data on
306 patients. There were 230 males and 76 females, and the mean age
was 47.8± 17.7 (median 48, range (15; 86)) years; the mean duration
from lesion onset to discharge from rehabilitation was 5.2± 3.4
(4.7 (0.5; 17.4)) months. There were 114 patients with a cervical
lesion, 141 with a thoracic lesion and 51 with lumbar lesions. AIS
grade at admission was A in 102, B in 36, C in 56 and D in 112
patients. With regard to etiology, 172 patients had a traumatic lesion,
and 134 had a nontraumatic lesion. Associated lesions were recorded
only in patients with traumatic lesions. Of 172 patients, 105 (61%) had
one or more associated lesions. Complications were present in
117 patients at admission and developed in 113 patients during the
rehabilitation stay; 221 patients underwent surgical treatment
(Table 1).
The mean SCI-ARMI percentage at discharge was 73.0± 21.3%

(median 78.6%, range (14.3; 119.2)); o50% of patients were
discharged with an SCI-ARMI score that exceeded 80% (Figure 2).
By univariate regression analysis, there was a strong effect of nearly

all variables; surgical treatment was at the limit of significance, and
associated lesions did not affect the outcome (Table 2). Thus, all
significant variables were entered into the multivariate analysis. The
resulting model produced accounted for 20% of the variability in
SCI-ARMI scores at discharge. SCI-ARMI scores at discharge were not
influenced by the presence of complications at admission, the length
of stay in the rehabilitation center or having undergone surgical
intervention (Table 3). SCI-ARMI scores increased with traumatic
etiology (+14 points) and in patients with thoracic and lumbar versus
cervical lesions (thoracic +5 points, lumbar +12 points); however, they

Figure 1 SCI-ARMI formula.

Table 1 Patients characteristics

Total sample (n=306)

Sociodemographics
Age, mean± s.d. (median (range)) 47.8±17.7 (48, (15; 86))

Males, n (%) 230 (75.2%)

Lesions characteristics
Traumatic etiology, n (%) 172 (56.2%)

AIS grade

A, n (%) 102 (33.3%)

B, n (%) 36 (11.8%)

C, n (%) 56 (18.3%)

D, n (%) 112 (36.6%)

Lesion level

Cervical, n (%) 114 (37.2%)

Thoracic, n (%) 141 (46.1%)

Lumbar, n (%) 51 (16.7%)

Associated lesions, n (%), for traumatic etiology

only (n=172)

105 (61.0%)

Surgical treatment, n (%) 221 (72.2%)

Complications at admission, n (%) 117 (38.2%)

Complication during hospitalization, n (%) 113 (36.9%)

Length of stay in the hospital in months,

mean± s.d. (median (range))

5.2±3.4 (4.7 (0.5; 17.4))

Abbreviation: AIS, American Spinal Injury Association (ASIA) Impairment Scale.
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were negatively influenced by the presence of complications during
rehabilitation (~−10 points) and AIS grades A, B and C compared
with AIS D (AIS A − 7 points, B and C − 13 points) (Table 3).
Because complications at admission and length of stay lost their

significance on entering the multivariate model, we examined their
association with the other predictors (Table 4). Length of stay
correlated with all other variables—higher in patients with AIS grades
A, B and C versus grade D; traumatic etiology; complications at
admission and during rehabilitation; cervical and thoracic versus

lumbar lesions; and surgical intervention. Moreover, in constructing
a multivariate model with LOS as the outcome and the other variables
as predictors, the set of predictors explained the variability in LOS
better than SCI-ARMI (R2= 0.3427). This result justified the removal
of LOS from the set of predictors to avoid multicollinearity.
Complications at admission were more frequent in patients with
complications during rehabilitation and those who underwent surgical
treatment and were significantly less common in those with AIS grade
D compared with A, B and C and those with lumbar-level lesions.
Even in this case, the removal of complications at admission from the
set of predictors was justified, based on their robust correlation with
the other variables (Table 4).
Using the data on a subsample of 225 patients, we constructed a

multivariate regression model that included the type of complication
at admission and during rehabilitation to analyze which category
influenced SCI-ARMI scores at discharge. None of the complications
at admission significantly affected the outcome, whereas respiratory,
urological and ‘other’ complications (including pain, spasticity,
depression and surgical emergencies) during rehabilitation negatively
influenced the rehabilitation potential. In particular, respiratory
complications reduced SCI-ARMI scores by ~ 16%, compared with
roughly 13% for urological complications and about 10% for ‘other’
complications (Table 5).

DISCUSSION

The ability to estimate the likelihood of success before rehabilitation
and to measure success after rehabilitation is required to answer
patients’ questions regarding their functional status at discharge, plan
efficient allocation of available resources for rehabilitation and predict
the resources that will be needed after discharge. Such ability also
allows one to determine the efficacy of the care during rehabilitation
and modify the treatment to improve outcomes in overall function or
on specific tasks.8

Predicting the rehabilitation potential of SCI subjects
Several disability rating scales (Modified Barthel Index, Functional
Independence Measure and Spinal Cord Independence Measure) have
been proposed and used to evaluate SCI patients on admission and
during the course of rehabilitation, assess treatment efficacies and
weigh the burden of care.9–11 However, these instruments are unable
to assess the disability weighted for the neurological deficit and thus
evaluate the independent value of rehabilitation in improving function
beyond the effects of neurological recovery, despite its wide
acceptance.12–14 For SCI patients with complete lesions, in whom
the likelihood of significant neurological recovery is low or absent, the
difference between functional status at admission and discharge is
likely to reflect the effectiveness of rehabilitation solely, but for those
with incomplete SCI, who might experience natural neurological
recovery, the differences in disability scores do not represent the net
effect of the treatment.2

To overcome this problem, the SCI-ARMI, based on the Spinal
Cord Independence Measure, was developed in the Spinal Department
of Loewenstein Rehabilitation Hospital, Israel, and first published
in 20041 to detect changes in functional performance that are
independent of neurological changes, constituting a new approach
to quantitating the prospect and success of rehabilitation. The initial
version of the SCI-ARMI merely took into account the relationship
between SCIM and AIS motor scores.1

A newer version of the instrument that incorporates the effects of
age and gender was developed and validated in a multicenter
international study,4 in which the authors chose discharge values,

Figure 2 SCI-ARMI distribution at discharge.

Table 2 Univariate regression models

Variable Coef (95% CI) P-value R2

Etiology
Nontraumatic 1.000 0.0003 0.0416

Traumatic 8.766 (4.019; 13.512)

AIS grade
D 1.000 0.0008 0.0444

C −12.838 (−19.560; −6.116)

B −10.960 (−18.828; −3.093)

A −5.600 (−11.220; 0.020)

Lesion level
Cervical 1.000 0.0030 0.0314

Thoracic 2.956 (−2.253; 8.164)

Lumbar 12.140 (5.174; 19.106)

Surgical treatment
No 1.000

Yes 5.298 (−0.038; 10.635) 0.0517 0.0124

Complications at admission
No 1.000 0.0001 0.0490

Yes −9.711 (−14.538; −4.884)

Complication during rehab
No 1.000 o0.0001 0.0651

Yes −11.272 (−16.091; −6.453)

Length of stay (days) −0.045 (−0.068; −0.022) 0.0001 0.0471

Associated lesionsa

No 1.000 0.9370

Yes 0.247 (−5.923; 6.416)

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; CI, confidence
interval.
aThe model for associated lesions is calculated only for patients with traumatic etiology.
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based on the presumption that at discharge from rehabilitation, ability
realization was the highest score that was attainable. Nevertheless, they
acknowledged that function might be further enhanced after discharge
in certain individuals, necessitating a dedicated study. They also
affirmed that the formula could be modified to incorporate new
clinical variables with regard to their influence in achieving functional
potential.4

Thus, the aims of our retrospective study were to apply the new
formula to the data on SCI patients from two SCI centers in Italy to
determine whether they were discharged, having achieved their entire
rehabilitation potential and study the relationship between SCI-ARMI
scores at discharge and clinical variables that, based on previous
studies and our clinical experience, could influence functional
outcomes in SCI patients.

Goals after rehabilitation
With regard to this issue, our data indicate that most patients were
discharged without having achieved their full rehabilitation potential.
Independent of the possible reasons below, we have demonstrated the
value of the SCI-ARMI in assessing patients with SCI. It might be
particularly useful to highlight groups of patients who are at greater
risk of failing to achieve their rehabilitative potential and establish
different and more appropriate rehabilitative paths for this subset
before and after discharge.

The inability to achieve complete functional potential in most of
our patients might be attributed to our organizational infrastructure.
Because of the scarcity of dedicated beds for SCI patients and
continuous pressure by the National Health Service to shorten
rehabilitation stays for such subjects, it is possible that patients are
discharged as soon as they reach a certain level of independence and
routed to alternate levels of care. Although the possibility that patients
are released as soon as they are dischargeable has been demonstrated,15

we have merely inferred such patterns, based on our clinical
experience, necessitating a dedicated prospective study, possibly
involving centers with various health-care systems and disparate
reimbursement systems.

Factors that might influence the realization of rehabilitation
potential
With regard to the factors that might influence SCI-ARMI values at
discharge, we performed regression analysis and examined several
clinical factors, including etiology, level and severity of the lesion, the
presence of associated lesions (in patients with traumatic SCI), the
presence of complications at admission and during rehabilitation and
a history of surgery for the spinal cord lesion.
In this study, etiology of the lesion had a strong effect on the

realization of rehabilitation potential, with traumatic SCI having a
positive effect on SCI-ARMI scores in the univariate and multivariate
regression analyses. The influence of etiology on outcomes in SCI
patients has been examined in several articles15–18 but remains
debated. Certain authors have found that patients with traumatic
SCIs have better outcomes than their nontraumatic counterparts but
failed to provide any explanations for this finding.16 Other groups
reported comparable levels of independence between the two
etiologies.15,17,18 In all these works, the authors agree that the two
cohorts have disparate clinical and demographic profiles (in particular,
age and neurological features), attributing the eventual differences in
outcome between groups to these features. However, in our study, age
and neurological status were already included in the SCI-ARMI; thus,
they do not explain the effect of etiology on SCI-ARMI scores, which
remains to be determined.
Level (lower lesions) and completeness (less severe) of the lesion

had a positive effect on SCI-ARMI scores. Patients with less severe
lesions and lower lesions have less independence to achieve and
recover faster and thus have a greater chance of achieving their
rehabilitation potential during an in-patient rehabilitation stay, which,
although it is longer than in other countries, is limited. One can argue
that it is incorrect to add lesion level and severity to the analysis,
because elements of the neurological examination (motor scores)
already exist in the formula. However, we decided to add these data,
based on previous studies that have demonstrated the importance of
total motor scores and their distribution.19,20 Equivalent motor scores
have different meanings in a tetraplegic or a paraplegic patient with
regard to AIS impairment and functional status.
The lack of an effect of the associated lesions on the outcomes

of traumatic SCI patients is well established and thus expected.
Associated lesions might affect the level of independence of SCI
patients at admission5 and likely the length of rehabilitation stay,
although insignificantly in most cases.5,21 However, the outcome at
discharge is usually not influenced, and patients with traumatic SCIs,
with or without associated traumas, achieve the same level of
independence for similar lesion severities.
The negative effect of complications during rehabilitation on

SCI-ARMI scores is the most significant finding of this study and
highlights the value of the formula in identifying groups of patients

Table 3 Multivariate model, using stepwise regression procedure

Variable Step-wise procedure Final model

Adjusted R^2

contribution P-value Coefficient (95% CI)

Etiology
Nontraumatic 0.0620 o0.0001 1.000

Traumatic 13.662 (8.790; 18.535)

AIS grade
D 0.0331 0.0029 1.000

C −12.752 (−18.984; −6.520)

B −12.859 (−20.616; −5.102)

A −6.916 (−13.136; −0.695)

Lesion level
Cervical 0.0244 0.0015 1.000

Thoracic 5.256 (0.256; 10.256)

Lumbar 11.919 (5.338; 18.499)

Complications during rehab
No 0.0651 o0.0001 1.000

Yes −10.097 (−14.873; −5.321)

Complications at admission
No 0.0124 0.0806

Yes

Length of stay 0.0071 0.0682

Surgical treatment
No 0.0032 0.1400

Yes

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; CI, confidence
interval.
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who are at risk of poorer rehabilitation outcomes. There are a few
studies on the impact of complications on SCI patient outcomes that
have focused primarily on the impact of pressure sores22,23 and
reported that patients with pressure sores have worse Functional
Independence Measure scores at discharge and longer LOSs than
patients without pressure sores.
In contrast, in our series, pressure sores did not have an impact on

SCI-ARMI scores at discharge, although they were the most frequent
complication. Our only explication for this discrepancy is that we
included all types of pressure sores, without grading their severity.
Low-severity pressure sores (which are likely the predominant
complications) might not affect patient outcomes.
There were no data on respiratory, urological and ‘other’ complica-

tions in the literature, and we cannot offer any explanation for their
influence on ability realization. Thus, this issue requires a dedicated
study before complications during rehabilitation are included in the
next iteration of the SCI-ARMI formula. These data are an example of
the value of the SCI-ARMI in evaluating the quality of rehabilitation
and identifying patients who are at risk. Good rehabilitation is
supposed to prevent and treat complications to elicit optimal out-
comes. The effects of complications on SCI-ARMI can be considered
part of the effects of rehabilitation. It is possible that, in a subset of our
patients, rehabilitation was suboptimal, and, functional outcomes
might have been lower, in part through the appearance or recurrence
of complications.

Limitations
This work has several limitations. The regression model accounts for
only 20% of the variability of in-ARMI scores, likely because the main
factor that affects SCI-ARMI, besides AMS, age and gender, is the
efficacy of rehabilitation. However, this datum might also indicate
effects of other variables on SCI-ARMI that were not considered in
this study. For example, the sensory scores of patients were not
considered, because they were missing or not completely reliable.
Associated lesions and complications were recorded dichotomously as
present or absent. However, as discussed, the severity of these factors
and their impact on rehabilitation can vary. Thus, they deserve a
separate ad hoc analysis. Further, certain aspects of SCI (clinical aspects
or complications), such as pain, spasticity and depression, were
considered as complications only if they were very severe, whereas
their severity could have been graded and better correlated to
functional potential realization.
It would be interesting to determine the SCIM III items that were

less achieved and the ADLs for which more rehabilitation time might
be essential. Unfortunately, because of the retrospective nature of the
study, we do not have the values of single activities.
We had no means to weigh the impact of bureaucratic or

organization-dependent decisions. Researchers from both centers
acknowledge that some patients are discharged without having reached
their rehabilitation potential, necessitating a longer follow-up to
determine whether SCI-ARMI scores continue to increase while the
patients are at home. Further, it is possible that, after discharge, the
rise in SCI-ARMI scores could accelerate, because some patients might

Table 4 Association between length of stay and complication at

admission with the other factors

Factors Length of stay (days) Complication at admission

Median P-value N (%) P-value

AIS grade
A 186 o0.0001 61 (59.8) o0.0001

B 188.5 18 (50.0)

C 150 24 (42.9)

D 74.5 14 (12.5)

Aetiology
Nontraumatic 100 o0.0001 44 (32.8) 0.1103

Traumatic 164 73 (42.4)

Complications during rehab
No 111 o0.0001 47 (24.4) o0.0001

Yes 184 70 (61.9)

Lesion level
Cervical 164 o0.0001 47 (41.2) 0.0039

Thoracic 149 61 (43.2)

Lumbar 78 9 (17.6)

Surgical treatment
No 102 0.0002 24 (28.2) 0.0356

Yes 154 93 (42.1)

Complication at admission
No 111 o0.0001

Yes 180

Abbreviation: AIS, American Spinal Injury Association (ASIA) Impairment Scale.

Table 5 Multivariate model with specific complications at admission

and during rehabilitation (n=225)

Variable Coefficient (95% CI) P-value

Etiology
Nontraumatic 1 o0.0001

Traumatic 13.390 (7.753; 19.026)

AIS grade
D 1 0.0028

C −13.827 (−21.292; −6.362)

B −9.513 (−20.011; 0.985)

A −7.641 (−14.574; −0.709)

Lesion level
Cervical 1 0.0311

Thoracic 2.531 (−3.444; 8.506)

Lumbar 10.063 (2.547; 17.580)

Respiratory complications (during rehab)
No 1 0.0191

Yes −16.021 (−29.393; −2.648)

Urological complications (during rehab)
No 1 0.0051

Yes −13.369 (−22.671; −4.068)

Other complications (during rehab)
No 1 0.0009

Yes −10.158 (−16.097; −4.218)

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; CI, confidence
interval.

Evaluation of spinal cord injury rehabilitation using SCI-ARMI
G Scivoletto et al

471

Spinal Cord



find it easier to develop new strategies and coping solutions while
living in real-life situations.

CONCLUSIONS

The SCI-ARMI is an effective tool that monitors the development and
achievement of rehabilitation potential in SCI patients and identifies
groups of patients who are at risk of failing to meet their rehabilitative
potential. According to our data, the etiology, level and severity of the
lesion and the presence of complications affect the development of
rehabilitation potential. Thus, these factors must be taken into account
in future versions of the SCI-ARMI.
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