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Abstract
Study design A retrospective study.
Objectives To assess improvement in volitional motor function after SCI, using The Spinal Cord Ability Ruler (SCAR)
as a metric and investigate participant characteristics and recovery of motor functioning.
Setting A highly-specialized SCI rehabilitation unit (Spinal Cord Injury Centre of Western Denmark, SCIWDK).
Methods Retrospectively, data on all SCI patients admitted to SCIWDK between 1 January 1997 and 1 November 2018
were extracted from a database. The SCAR score (range: 0–100) was calculated by combining items from ISNCSCI
and SCIM.
Results Mean (95%CI) improvement in volitional motor function was of 17.2 (CI: 14.5–19.9) equal to an improvement of
43% from baseline after median 155 days in-hospital rehabilitation. Individuals with tetraplegia exerted larger improvement
(mean difference of 8.9 (CI: 3.6–14.2) points) as compared to paraplegia. Male gender predicted better improvement
(p < 0.03), as did no need for mechanical ventilation with a gain of 8.5 (CI: 1.8–15.3) points as compared to those in need.
Conclusions Overall mean improvement of 43% in volitional motor function was found in 84 in-hospitalized patients
using SCAR as a metric at a highly-specialized SCI unit. Following factors; level-of-injury, gender, age, need of ventilation
support predicted improvement in volitional motor function after a rehabilitation period. Results should be cautiously
interpreted as a majority of hospitalized patients did not fulfill criteria for SCAR scoring. Prospectively designed studies
with better internal validation and external validations are needed to confirm these findings.

Introduction

Spinal cord injury (SCI) represents a major health concern;
the World Health Organization estimates an incidence of
250,000–500,000 per year worldwide [1]. In Denmark an
average of 130 new cases of SCI are yearly registered [2].
SCI is a devastating condition, in which loss of motor and
sensory function in addition to impairment of bladder and
bowel control lead to resulting poor quality of life (QoL)

[3–5]. Recovery of motor function is of a high clinical
priority and pivotal for accomplishing activities of daily
living (ADL) [6]. Additionally, being able to identify pre-
dictors for recovery of motor function is crucial in rehabi-
litation [7]. Despite the conduct of clinical trials with
different candidate treatments for SCI, it has been difficult
to convincingly demonstrate treatment effects on motor
function. Part of the uncertainty of outcome assessment
in clinical SCI trial might be overcome by the introduction
of the recently introduced “Spinal Cord Ability Ruler”
(SCAR) [6], which has been introduced as a valid and
reliable linear interval-level outcome measure combining
items from the upper limb motor assessments of the Inter-
national Standards for the Neurological Classification of
Spinal Cord Injury (ISNCSCI) and items from the Spinal
Cord Independence Measure (SCIM) [6]. SCAR aims to
measure the change of volitional performance, and should
according to the authors be applied in a majority of SCI
persons, regardless of the level or the severity of injury [6].
This produces a unique opportunity to examine existing
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data in a historical cohort and for computing SCAR scores
at The Spinal Cord Injury Centre of Western Denmark
(SCIWDK).

The primary aim of this retrospective study was to
identify and describe the amount of improvement in voli-
tional motor function after a rehabilitation period at a
highly-specialized SCI rehabilitation unit using SCAR as
a metric in a historic cohort. Furthermore, the aim was to
investigate the correlation between core characteristics of
SCI persons and the recovery of motor function.

Methods

Study population

SCIWDK accepts referrals of spinal cord injured subjects
including both adults and children presenting with a
potential for rehabilitation. SCIWDK covers Western
Denmark (3.5 million citizen). Prospectively, data from
the admitted pediatric and adult SCI population were
obtained and collected in a database (Redcap™) in accor-
dance with the national general data protection regulations
and were approved by the Data Protection Agency (ref no.
2012–41–0572). From this database, we extracted data
on all SCI patients admitted to SCIWDK during 1 January
1997 and 1 November 2018. We certify that all applicable
institutional and governmental regulations concerning the
ethical use of human volunteers were observed during the
course of this research.

Data collection

In accordance with the recommendations from the Interna-
tional Spinal Cord Injury Core Data Set [8], the following
variables were extracted for statistical analysis: gender, age,
time since injury, trauma etiology, associated injuries, need
of mechanical ventilation in addition to the first obtained
ISNCSCI-grade and level-of-injury at SCIWDK. Mechan-
ical ventilation was defined as a need for supported venti-
lation during the stay at SCIWDK. Trauma etiology was
dichotomized into traumatic or non-traumatic. Associated
injuries were presented as binary variables with a yes or no
opportunity. Level-of-injury was dichotomized into tetra-
plegia (C0-C8) and paraplegia (Th1-S5). Furthermore, all
available SCIM-scores and the scores of the upper limb
motor assessments of ISNCSCI during in-hospital stay were
extracted. In most cases, both a SCIM and ISNCSCI score
were available at the time of admission and discharge,
making it possible to create an initial and a follow-up SCAR
score. In a few cases scores were performed at other
occasions than early after admission and close to discharge,
and in some cases only one of the two tests were performed

upon admission or discharge. Therefore, guidelines were
developed to account for an acceptable time span between
the performed SCIM score and the ISNCSCI examination
in order to combine the two: this is described in detail in the
data analysis section.

Main outcome measure

As previously described, SCAR is a one-dimensional linear
interval-level outcome measurement for changes in voli-
tional performance. Volitional performance is defined as
voluntary task-specific physical actions contributing to
independence in ADLs. SCAR is validated for scoring most
of the SCI population, regardless of the injury level or the
severity of injury. However, central cord lesions (CCS) are
less suitable for SCAR measurement [6]. SCAR combines
the items from the upper limb motor assessments of C5-C8
of ISNCSCI and the items from SCIM that do not concern
respiration, bladder and/or bowel function [6, 9]. The scores
from SCIM and ISNCSCI were regrouped into raw SCAR
scores (range: 0–57). To determine the overall SCAR score,
a formula described by Reed and colleagues was applied
to convert the raw SCAR score of either the initial or
follow-up SCAR score to a so-called Rash SCAR score
(range: 0–100) [6].

Data analysis

Following rules were decided by the research group:

a. If the SCI occurred less than 1 year previous to the
obtained SCIM or ISNCSCI score, only 1 month was
allowed between the two scores if they were to be
grouped to a raw SCAR score.

b. If the injury date was 1 year or above, a maximum
of one year between the SCIM and ISNCSCI scores
was accepted. This decision was based on previous
clinical outcome reports [10] for development of
ISNCSCI scores.

Age and time since injury were used as continuous
variables when comparing the characteristics of SCI persons
with and without a calculated SCAR score. Variables were
grouped as recommended by Biering-Sørensen et al. [11].
However, only two individuals aged 0–15 years were
identified, and therefore, lumped together with the 16–30
year age-group, as they did not differ in baseline SCAR
scores.

Additionally, Biering-Sørensen et al. recommended a
grouping of time since injury of <1 year, 1–5 years, 6–10
years, and 5-year increments thereafter [11]. Since only 2
observations were >5 years the variable was divided into
either (a) less than, or (b) equal to or more than 1 year.
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The computation of SCAR scores was performed with
MS Excel 2010™ (Microsoft, California US) and the sta-
tistical analysis with STATA/IC 15.0™ (StataCorp, Texas
US). If normal distribution was demonstrated, descriptive
statistics were presented as means (SD) for continues vari-
ables. If QQ-plots and a histogram did not show satisfying
normal distribution, variables were presented as median
(IQR: 25 to 75% percentiles). Categorical variables were
presented as N (%). For comparative statistics, both the
initial SCAR and the difference between the initial and the
follow-up SCAR score showed normal distribution, and
difference was examined using the Student’s t-test. Differ-
ence between age categories was explored using the Krus-
kal Wallis. A 5% level of significance was presented for all
computations.

Results

A total of 1,714 individuals with SCI were included in the
descriptive analysis (Table 1).

A total of 212 individuals obtained at least one SCAR
score and 84 individuals obtained two SCAR scores,
allowing for calculating an eventual difference in volitional
performance. The median time difference between the
obtained ISNCSCI and SCIM scores was of 1 day (IQR:
1–7) for the initial SCAR score and 2 (1.0–20) days for the
follow-up SCAR score. The median time difference
between date of injury and the initial SCAR score was of
34.5 days (11.0–2180.5) and 216 (87.5–2463.0) days for
follow-up score. Data were not complete for all variables,
hence the total number of included patients, varied upon the
variable of interest.

The SCAR population was characterized by a larger
proportion of tetraplegia and ISNCSCI D injuries in addi-
tion to a shorter time-after-injury. The SCAR group was
representative for all in-hospitalized patients at SCIWDK
regarding age, gender, trauma etiology, associated injuries
and need for ventilation support.

The mean (SD) value of the initial and the follow-up
SCAR score are presented in Table 2. After a rehabilitation
period of a median of 155.0 (IQR: 108.25–229.0) days, a
mean improvement in volitional motor function of 17.2
(95% CI, 14.5–19.9) was found, equivalent to an
improvement of 43%.

Individuals with tetraplegia gained more improvement in
volitional motor function with a mean increase in SCAR
score of 8.9 (95% CI, 3.6–14.2) points as compared to
paraplegia (Table 2). Additionally, men obtained a larger
improvement of 5.3 (95% CI, 0.5–5.3) as compared to
women. The need for mechanical ventilation was also a
significant predictor in which individuals with no ventila-
tion assistance need in average gained 8.5 (95% CI,

1.8–15.3) points better SCAR score as compared to those
with need of ventilation support. Time since injury, trauma
etiology and associated injuries did not significantly predict
motor improvements.

Age influenced improvement in SCAR score as shown in
Fig. 1. Increasing age was associated with less expected
improvement, and the 46–60 years age group exerted a 12.0
(95% CI, 2.0–22.0) points larger improvement than those of
76 years or above (Kruskal Wallis, p= 0.019).

Discussion

SCAR scores were retrospectively obtained after in-hospital
rehabilitation in a highly specialized SCI rehabilitation
hospital and SCAR measures demonstrated an overall mean
improvement of 43% in volitional motor function after a

Table 1 Characteristics of SCI inpatients with an initial and a follow-
up SCAR score as compared to hospitalized SCI patients without
SCAR score performed

SCAR group,
N (%)

Others, N (%) P-value

Level of injury

Tetraplegia 48 (57.1) 426 (44.8)

Paraplegia 36 (42.9) 526 (55.3) 0.029P

Gender

Male 59 (70.2%) 1,088 (69.5%)

Female 25 (29.8) 478 (30.5%) 0.883P

Age, Mean (SD) 56.9 (17.5) 57.8 (17,2)

N 84 1,546 0.637T

Time since injury, Years

Median (25%;75%
percentiles)

3.8 (2.8;4,8) 11.9 (7.0;19.3)

N 53 1,043 < 0.001W

Trauma etiology

Traumatic 35 (52.2) 816 (61.9)

Non-traumatic 32 (47.8) 502 (38.1) 0.113P

Associated injuries

Yes 33 (52.4) 398 (46.3)

No 30 (47.6) 461 (53.7) 0.353P

Mechanical ventilation

Yes 17 (21.5) 52 (23.5)

No 62 (78.5) 169 (76.5) 0.716P

ISCNSCI distribution

ISCNSCI A 15 (17.9) 330 (29.1)

ISCNSCI B 8 (9.5) 165 (14.6)

ISCNSCI C 9 (10.7) 135 (11.9)

ISCNSCI D 52 (61.9) 499 (45.2)

ISNCSCI E 0 (0.0) 5 (0.4) 0.028P

P Pearson Chi2-test, T Student’s t-test, W Wilcoxon rank-sum test
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median rehabilitation stay of 155.3 (IQR: 102.0–228.3)
days at a highly-specialized SCI unit. Applying SCAR
scores indicated that level-of-injury, gender, age and the
need of mechanical ventilation were predictors of
improvement in volitional motor function after a rehabili-
tation period.

Only few studies have previously investigated gender
as a predictor of improvement in motor function. A case
series by Sipski et al. found in accordance with this study
a gender-related difference in daily life independence in a
sample of 14,433 admitted SCI patients. At a given level
and degree of neurologic injury, men obtained better
function than women at time of discharge from

rehabilitation [12]. However, other studies did not report
gender difference regarding change in daily life indepen-
dence [13] and walking function [14].

In a retrospective study Lee et al. found that older per-
sons with traumatic thoracic SCI gained less improvement
after 1 year follow-up as compared to younger individuals
with SCI [15].

In the present study, patients with non-traumatic and
traumatic spinal cord lesions obtained similar degree of
improvement of motor function, which is in concordance
with previous studies [16–20]. The expert recommendation
is to perform the ISNCSCI score at admission for predicting
recovery of motor function [21, 22]. This retrospective
cohort study did not include the ISNCSCI classification
as an explanatory variable, since the ISNCSCI score is part
of the overall SCAR score.

In relation to the feasibility of SCAR usage, this new
scoring device was found easily applicable to already
existing data. In the present study no signs of ceiling
effect of the computed SCAR data were detected (Table 2).
This indicates that SCAR is useful in an SCI in-hospital
setting. However, there have been some challenges in the
conversion of the raw SCAR score to the Rasch transformed
SCAR value. It is suggested that a future opportunity
to ease these challenges could be the development of an
online converter app, computing a total SCAR score from
ISNCSCI and SCIM inputs.

Table 2 Core characteristics and their influence on improvement in volitional motor performance after a rehabilitation period

Initial SCAR,
Mean (SD)

Follow-up SCAR,
Mean (SD)

SCAR diff, Mean
(95%CI)

P-value

SCAR score (n= 84) 39.7 (18.0) 56.9 (20.0) 17.2 (14.5; 19.900) <0.001PT

Level of injury

Tetraplegia (n= 44) 32.4 (19.1) 54.1 (22.2) 21.7 (17.6; 25.7)

Paraplegia (n= 36) 49.7 (9.1) 62.5 (13.4) 12.8 (9.5; 16.0) 0.001T

Gender

Male (n= 59) 37.3 (18.9) 56.1 (22.2) 18.8 (15.3; 22.4)

Female (n= 25) 45.3 (14.5) 58.8 (13.5) 13.5 (10.1; 16.9) 0.030T

Time since injury

<1 year (n= 39) 36.8 (18.1) 54.9 (20.7) 18.1 (14.0; 22.2)

≥1 year (n= 14) 44.4 (16.3) 55.4 (14.7) 11.0 (5.5; 16.5) 0.063T

Trauma etiology

Traumatic (n= 38) 33.7 (18.4) 50.8 (20.4) 17.1 (12.7; 21.5)

Non-traumatic (n= 32) 49.1 (14.4) 63.2 (18.0) 14.1 (10.7; 17.5) 0.274T

Associated injuries

Yes (n= 33) 32.1 (15.7) 50.6 (20.7) 18.5 (13.4; 23.6)

No (n= 30) 47.9 (15.4) 62.5 (18.8) 14.6 (9.2; 11.1) 0.203T

Mechanical ventilation

Yes (n= 17) 32.0 (19.0) 42.6 (21.5) 10.6 (6.2; 14.9)

No (n= 62) 41.0 (17.4) 60.0 (17.9) 19.1 (15.7; 22.4) 0.014T

PT paired Student’s t-test, T Student’s t-test, SD standard deviation, 95% CI 95% confidence interval
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Fig. 1 The mean difference in volitional motor performance by age
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This study has several limitations due to the nature
of data. A small sample size results in some statistical
constraints. The prerequisites for using a planned linear
regression were not met. The majority of the independent
variables did not show satisfying means and variances when
they were separately tested against residuals in scatterplots,
e.g., large variations were seen regarding time-since-injury.
The presented findings are, however, in concordance with
the findings from other studies [12, 15–20]. In its design
SCAR has some limitations when it comes to central
cord syndromes or vertically or more widely distributed
lesions of the cord. In this retrospective study one could not
clearly identify these subgroups in data. SCAR measures
are less precise in these cases. An indicator of this being
of less importance in the present study was that variability
of SCAR scores in non-traumatic SCI did not differ from
SCAR scores obtained from traumatic SCI. Missing
values, especially of mechanical ventilation in the non
SCAR group in addition to a modest sample size in the
SCAR diff group compromise the conclusions from the
present study. By the present study design it cannot
be certain if the presented population is fully representative
of the target population, and the group who did not obtain
a SCAR difference score showed different distribution
of ISNCSCI, less tetraplegia and longer duration after
SCI. However, data on all in-hospital SCI patients were
consecutively collected at a highly-specialized rehabilitation
unit in Denmark, and the treatment offer is provided to
all eligible SCI persons who could possibly benefit from
in-hospital rehabilitation at SCIWDK, free of charge and
delivered to citizen living in Western Denmark. Further
studies are needed in order to confirm the study results.

Conclusion

This retrospective analysis of data from 84 eligible in-hospital
SCI persons found an overall mean improvement of 43% in
volitional motor function when using SCAR as a metric after
a median rehabilitation period of 155 days at a highly-
specialized SCI unit. Following factors: level-of-injury, gen-
der, age and the need of mechanical ventilation were
important predictors for improvement in volitional motor
function after a rehabilitation period. The study was not
powered to perform multivariable analysis, making it
impossible to estimate the individual effect of included fac-
tors’ regarding obtained SCAR score difference by predictive
models. It is suggested that the present study could serve as a
guideline for future sampling processes, stratified randomi-
zation in clinical outcome studies in SCI. However, long-term
prospective studies with higher internal validation and further
external validations studies are needed to confirm the results.

Data archiving

The datasets generated and analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Acknowledgements We would like to thank Prof. John Steeves at
The University of British Columbia and Vancouver Coastal Health,
for his assistance in the conversion of raw SCAR data.

Funding This work was funded by Health Research Fund of Central
Denmark Region.

Author contributions ABJ was responsible for conducting literature
search, data entry, extracting and analyzing data, interpreting results,
creating figures and tables, writing the report. MT was responsible for
data entry and provided feedback on the report. SKJ was responsible
for data entry and provided feedback on the report. HK contributed to
the design of the retrospective study, interpreting results, writing and
provided feedback on the report.

Compliance with ethical standards

Statement of ethics We certify that all applicable institutional and
governmental regulations concerning the ethical use of human
volunteers were followed during the course of this study.

Conflict of interest The authors declare that they have no conflict
of interest.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Bickenbach J. Weltgesundheitsorganisation, editors. International
perspectives on spinal cord injury. Geneva: World Health Orga-
nization; 2013. p. 231.

2. Biering-Sørensen F. Rygmarvsskade—den moderne behandling.
Ugeskr Læg. 2001;163:2766–9.

3. Rupp R, Gerner HJ. Neuroprosthetics of the upper extremity-
clinical application in spinal cord injury and challenges for the
future. Acta Neurochir Suppl. 2007;97(Pt 1):419–26.

4. Popa C, Popa F, Grigorean VT, Onose G, Sandu AM, Popescu M,
et al. Vascular dysfunctions following spinal cord injury.
J Med Life. 2010;3:275–85.

5. Biering-Sørensen E, Pedersen V, Clausen S. Epidemiology of
spinal cord lesions in Denmark. Paraplegia . 1990;28:105–18.

6. Reed R, Mehra M, Kirshblum S, Maier D, Lammertse D,
Blight A, et al. Spinal cord ability ruler: an interval scale to
measure volitional performance after spinal cord injury. Spinal
Cord. 2017;55:730–8.

7. Ditunno JF. The John Stanley Coulter Lecture. Predicting
recovery after spinal cord injury: a rehabilitation imperative.
Arch Phys Med Rehabil. 1999;80:361–4.

8. DeVivo MJ, Biering-Sørensen F, New P, Chen Y. International
Spinal Cord Injury Data Set. Standardization of data analysis
and reporting of results from the International Spinal Cord Injury
Core Data Set. Spinal Cord. 2011;49:596–9.

970 A. Bach Jønsson et al.



9. Harvey LA. The Spinal Cord Ability Ruler (SCAR): combining
aspects of two widely-used outcome measures into one. Spinal
Cord. 2018;56:413–413.

10. Lammertse D, Tuszynski MH, Steeves JD, Curt A, Fawcett JW,
Rask C, et al. Guidelines for the conduct of clinical trials for
spinal cord injury as developed by the ICCP panel: clinical trial
design. Spinal Cord. 2007;45:232–42.

11. Biering-Sørensen F, DeVivo MJ, Charlifue S, Chen Y, New PW,
Noonan V, et al. International Spinal Cord Injury Core Data
Set (version 2.0)—including standardization of reporting. Spinal
Cord. 2017;55:759–64.

12. Sipski ML, Jackson AB, Gómez-Marín O, Estores I, Stein A.
Effects of gender on neurologic and functional recovery after
spinal cord injury. Arch Phys Med Rehabil. 2004;85:1826–36.

13. Greenwald BD, Seel RT, Cifu DX, Shah AN. Gender-related
differences in acute rehabilitation lengths of stay, charges, and
functional outcomes for a matched sample with spinal cord injury:
a multicenter investigation. Arch Phys Med Rehabil. 2001;82:
1181–7.

14. Scivoletto G, Morganti B, Molinari M. Sex-related differences
of rehabilitation outcomes of spinal cord lesion patients. Clin
Rehabil. 2004;18:709–13.

15. Lee BA, Leiby BE, Marino RJ. Neurological and functional
recovery after thoracic spinal cord injury. J Spinal Cord Med.
2016;39:67–76.

16. McKinley WO, Huang ME, Tewksbury MA. Neoplastic vs.
traumatic spinal cord injury: an inpatient rehabilitation compar-
ison. Am J Phys Med Rehabil. 2000;79:138–44.

17. McKinley WO, Seel RT, Gadi RK, Tewksbury MA. Nontraumatic
vs. traumatic spinal cord injury: a rehabilitation outcome com-
parison. Am J Phys Med Rehabil. 2001;80:693–9. 716

18. Mckinley WO, Tewksbury MA, Mujteba NM. Spinal stenosis vs
traumatic spinal cord injury: a rehabilitation outcome comparison.
J Spinal Cord Med. 2002;25:28–32.

19. Scivoletto G, Farchi S, Laurenza L, Molinari M. Traumatic
and non-traumatic spinal cord lesions: an Italian comparison
of neurological and functional outcomes. Spinal Cord. 2011;49:
391–6.

20. Marinho AR, Flett HM, Craven C, Ottensmeyer CA, Parsons D,
Verrier MC. Walking-related outcomes for individuals with trau-
matic and non-traumatic spinal cord injury inform physical ther-
apy practice. J Spinal Cord Med. 2012;35:371–81.

21. Scivoletto G, Tamburella F, Laurenza L, Torre M, Molinari M.
Who is going to walk? A review of the factors influencing walking
recovery after spinal cord injury. Front Hum Neurosci. 2014;
8:141.

22. Kaminski L, Cordemans V, Cernat E, M’Bra KI, Mac-Thiong
J-M. Functional outcome prediction after traumatic spinal cord
injury based on acute clinical factors. J Neurotrauma. 2017;34:
2027–33.

Feasibility of predicting improvements in motor function following SCI using the SCAR outcome measure:. . . 971


	Feasibility of predicting improvements in motor function following SCI using the SCAR outcome measure: a retrospective study
	Abstract
	Introduction
	Methods
	Study population
	Data collection
	Main outcome measure
	Data analysis

	Results
	Discussion
	Conclusion
	Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Acknowledgements
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




