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Abstract

The most common primary end-point of the trial on treatment of traumatic spinal cord injury (SCI) is the degree
of impairment. The American Spinal Injury Association (ASIA) Standards have been widely used to assess
motor function and pin-prick and light-touch sensory function. In addition, pain assessment is another clinically
relevant aspect of the impairment in individuals with SCI. Given this, we sought to systematically review the
studies that focused on the psychometric properties of ASIA Standards and all previously used outcome
measures of pain in the SCI population in the acute care setting. For the primary literature search strategy, the
MEDLINE, CINAHL, EMBASE, and Cochrane databases were sought out. Subsequently, a secondary search
strategy was carried out using the articles listed in the references of meta-analysis, systematic, and non-
systematic review articles. Two reviewers ( JCF and VN) independently selected the articles that fulfill the
inclusion and exclusion, assessed the level of evidence of each article, and appraised the psychometric properties
of each instrument. Divergences during those steps were solved by consensus between both reviewers. Of 400
abstracts captured in our primary search strategy on the ASIA Standards, 16 full articles fulfilled the inclusion
and exclusion criteria. An additional 40 references were obtained from two prior systematic reviews on ASIA
Standards. While 45 of 56 of the studies on ASIA Standards provided level 4 evidence, there were 11 level 2b
evidence studies. Convergent construct validity (n¼ 34), reliability (n¼ 12), and responsiveness (n¼ 10) were the
most commonly studied psychometric properties of the ASIA Standards, but two prior studies examined their
content validity. Of the 267 abstracts yielded in our primary search on pain assessment, 24 articles with level 4
evidence fulfilled the inclusion and exclusion criteria. There was no study that examined pain assessment in the
acute care setting. While 18 of 24 articles studied an instrument for assessment of pain intensity, the remaining
six studies were focused on classifications of pain in the SCI population. In conclusion, the ASIA Standards
represent an appropriate instrument to categorize and evaluate spinal cord injured adults over time with respect
to their motor and sensory function. Nevertheless, further investigation of the psychometric properties of the
ASIA Standards is recommended due to a lack of studies focused on some key elements of responsiveness,
including minimal clinically important difference. The visual analog scale (VAS) is the most commonly studied
instrument of assessment of pain intensity in the SCI population. However, further investigation is required with
regard to its reliability and responsiveness in the SCI population. Our results also suggest that there is no
instrument with appropriate psychometric properties for this particular population.
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Introduction

Traumatic spinal cord injury (SCI) can cause signifi-
cant motor, sensory, and autonomic dysfunction cau-

dally to the level of injury. The current constraints of the
pharmacological treatment to restore spinal cord function

after SCI in the clinical setting have led to numerous pre-
clinical studies that have indicated novel rising neuroprotec-
tive and neuroregenerative strategies with the potential to
reduce neuronal death after central nervous system (CNS)
injury, enhance the intrinsic growth capacity of postmitotic
neurons, or modify the CNS extracellular milieu that is hostile
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to neuronal growth ( Jacobs and Fehlings, 2003). The potential
translation of those strategies to the clinical practice will
eventually require well-designed trials that assess their effi-
cacy on reduction of impairment and disability.

The most commonly accepted primary end-point of the
trial on treatment of SCI is an assessment of the degree of
impairment. As defined by the International Classification of
Functioning, Disability, and Health from the World Health
Organization (WHO), impairment is related to the level of
‘‘motor and sensory function’’ (WHO, 2001). The instruments
of choice for assessment of impairment of SCI in the clinical
arena and research areas should preferably be proper for
descriptive and evaluative purposes, as delineated by the
framework of Kirschner and Guyatt (1985). The American
Spinal Injury Association (ASIA) Standards have been widely
used to assess motor function and pin-prick and light-touch
sensory function in the SCI population in both clinical and
research arenas. However, the ASIA Standards do not include
assessment of pain, which is a common clinically relevant
complication after traumatic SCI. Of note, there remained a
paucity of outcome measures that comprehensively assesses
autonomic function of individuals with SCI (Krassioukov
et al., 2007). Recently, an international SCI research committee
has developed an instrument for descriptive assessment of the
impact of SCI on various organs and viscera that would allow
the clinicians and researchers to appraise the degree of auto-
nomic dysfunctions after SCI (Alexander et al., 2009). None-
theless, psychometric properties of these novel autonomic
standards have not been tested yet.

Given this background, we carried out a systematic review
of the studies that were focused on the psychometric prop-
erties of ASIA score and all previously used outcome mea-
sures of pain in the SCI population in the acute care setting.

Methods

This systematic review included the ASIA Standards and
several outcome measures of pain after traumatic SCI that
were published in the literature. Based on the examination of
their psychometric properties (i.e., item generation, item re-
duction, reliability, validity, and responsiveness), this review
was focused on the following key questions:

1. Do the ASIA Standards have appropriate psychometric
properties as outcome measure of motor and sensory
function for acutely spinal cord injured patients?

2. What is the most reliable, validated, and responsive
outcome measure of pain for patients with acute trau-
matic SCI?

Inclusion and exclusion criteria

This review included only original articles that assessed at
least one psychometric property of either the ASIA Standards
or an outcome measure of pain in patients with traumatic SCI.
Case reports, editorial articles, and meeting abstracts were
excluded.

Literature search strategy

In the primary literature search strategy, the MEDLINE,
CINAHL, EMBASE, and Cochrane databases were sought
out. Subsequently, a secondary search strategy was carried

out using the articles listed in the references of meta-analysis,
systematic, and non-systematic review articles that were
captured in the primary search strategy.

Given that the first version of the ASIA Standards was
published in 1982, the literature searches for this instrument
addressed publications from 1982 to April 2009. The search
strategy included the following specific terms: ‘‘ASIA Stan-
dards,’’ ‘‘American Spinal Injury Association Standards,’’
‘‘ASIA score,’’ and ‘‘American Spinal Injury Association score.’’

In a broad literature investigation, the searches for the in-
struments of pain assessments referred to publications since
the beginning of the database records (1966) to April 2009.
This search strategy included ‘‘pain’’ as the specific key word.

In both searches, the above specific key words were paired
with the following medical subject headings: ‘‘spinal cord
injury,’’ ‘‘SCI,’’ ‘‘tetraplegia,’’ ‘‘quadriplegia,’’ and ‘‘paraple-
gia.’’ The literature search was limited to articles written in
English.

Data abstraction and synthesis

In the culling process, two reviewers ( JCF and VN) inde-
pendently selected the articles that fulfilled the inclusion and
exclusion for each topic. Disagreements were resolved by a
consensus between both reviewers.

The relevant data from each selected article were extracted
by a research assistant. Subsequently, both reviewers assessed
all clinical studies with respect to the extracted data and,
hereafter, determined the level of evidence according to the
criteria of Sackett and colleagues (2000). Then, every instru-
ment of assessment of impairment was examined with regard
to its psychometric properties using the quality criteria from
Terwee and colleagues (2007). Divergences during those steps
were resolved by consensus between both reviewers.

Definitions of psychometric properties

In this systematic review, the psychometric properties
were classified according to Terwee and co-workers (2007),
as delineated in Table 1. Content validity refers to the extent to
which items in the instrument comprehensively represent
the concepts of interest (Guyatt et al., 1993). Internal consis-
tency refers to the extent to which items in a instrument
(sub)scale are homogenously correlated and, hence, measure
the same concept (Terwee et al., 2007). Criterion validity refers
to the degree to which the instrument measures in compar-
ison with the criterion or ‘‘gold standard’’ (Furlan et al.,
2008). Of note, criterion validity was not assessed in this
review, due to the lack of gold standard for assessing im-
pairment in patients with SCI. Construct validity is frequently
divided into convergent or divergent. While convergent con-
struct validity indicates the degree of similarity between two
constructs that theoretically should be related to each other,
divergent construct validity reveals how dissimilar two con-
structs are that in theory should not be related to each other
(Furlan et al., 2008). Reproducibility refers to the degree to
which repeated measurements in steady patients provide
similar results (Terwee et al., 2007). Reproducibility is gen-
erally divided into agreement and reliability. While agree-
ment reflects the absolute measurement error, reliability refers
to the degree to which patients can be distinguished from
each other regardless of measurement error (Terwee et al.,
2007). Responsiveness concerns the ability of a measurement
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instrument to accurately detect change when it has occurred
(de Bruin et al., 1992). Floor or ceiling effects occur when more
than 15% of examined patients reached the lowest or highest
possible score, respectively (McHorney and Tarlov, 1995).
Finally, interpretability concerns the degree to which one can
assign qualitative meaning to quantitative scores (Lohr et al.,
1996).

Establishment of recommendations

The authors answered the focused questions formerly com-
piled using the information summarized in the tables inclu-
ded here. Then, a panel of scientific experts in the field of acute
SCI (including basic scientists, clinician-scientists, surgeons,
rehabilitation specialists, nurses, and clinical epidemiologists)

Table 1. Quality Criteria for Psychometric Properties of Instruments
a

Psychometric property Quality criteria

1. Content validity þ A clear description is provided of the measurement aim, the target population, the
concepts that are being measured, and the item selection and target population and
(investigators or experts) were involved in item selection.

? A clear description of above-mentioned aspects is lacking or only target population
involved or doubtful design or method.b

� No target population involvement.
0 No information found on target population involvement.

2. Internal consistency þ Factor analyses performed on adequate sample size (7 * # items and �100) and
Cronbach’s alpha(s) calculated per dimension and Cronbach’s alpha(s) between 0.70 and
0.95.

? No factor analysis or doubtful design or method.b

� Cronbach’s alpha(s) <0.70 or >0.95, despite adequate design and method.
0 No information found on internal consistency.

3. Criterion validity þ Convincing arguments that gold standard is ‘‘gold’’ and correlation with gold standard
�0.70.

? No convincing arguments that gold standard is ‘‘gold’’ or doubtful design or method.b

� Correlation with gold standard <0.70, despite adequate design and method.
0 No information found on criterion validity.

4. Construct validity þ Specific hypotheses were formulated and at least 75% of the results are in accordance
with these hypotheses.

? Doubtful design or methodb (e.g., no hypotheses).
� Less than 75% of hypotheses were confirmed, despite adequate design and methods.
0 No information found on construct validity.

5. Reproducibility þ MIC< SDC or MIC outside the LOA or convincing arguments that agreement is
cceptable.

5.1. Agreement ? Doubtful design or methodb (or MIC not defined and no convincing arguments that
agreement is acceptable).
� MIC� SDC or MIC equals or inside LOA, despite adequate design and method.
0 No information found on agreement.

5.2. Reliability þ ICC or weighted kappa �0.70.
? Doubtful design or methodb (e.g., time interval not mentioned).
� ICC or weighted kappa <0.70, despite adequate design and method.
0 No information found on reliability.

6. Responsiveness þ SDC or SDC<MIC or MIC outside the LOA or RR �1.96 or AUC �0.70.
? Doubtful design or method.b

� SDC or SDC�MIC or MIC equals or inside LOA or RR �1.96 or AUC <0.70, despite
adequate design and methods.

0 No information found on responsiveness.

7. Floor and ceiling effects þ �15% of the respondents achieved the highest or lowest possible scores.
? Doubtful design or method.b

� >15% of the respondents achieved the highest or lowest possible scores, despite adequate
design and methods.

0 No information found on interpretation.

8. Interpretability þ Mean and SD scores presented of at least four relevant subgroups of patients
and MIC defined.

? Doubtful design or methodb or less than four subgroups or no MIC defined.
0 No information found on interpretation.

aAccording to the criteria of Terwee and associates (2007).
bDoubtful design or method: lacking a clear description of the design or methods of the study, sample size smaller than 50 subjects (should

be at least 50 in every (subgroup) analysis), or important methodological weakness in the design or execution of the study.
MIC, minimal important change; SDC, smallest detectable change; LOA, limits of agreement; ICC, intraclass correlation; SD, standard

deviation; þ, positive rating; ?, indeterminate rating; �, negative rating; 0, no information available.
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examined the summary tables and answers to the focused
question, and eventually provided its evidence-based rec-
ommendations using a modified Delphi method (Reid, 1993).

Results

ASIA Standards

Of the 400 abstracts captured in our primary search strat-
egy, 16 full articles fulfilled the inclusion and exclusion criteria
and were reviewed by the two reviewers. An additional 40
references were obtained from a prior systematic review
(Furlan et al., 2008).

While the majority of the studies on ASIA Standards provi-
ded level 4 evidence (45 of 56), there were 11 level 2b evidence
studies (Table 2). Convergent construct validity (n¼ 34), re-
liability (n¼ 12), and responsiveness (n¼ 10) were the most
commonly studied psychometric properties of the ASIA
Standards, but two prior studies examined their content
validity. Their item generation and reduction, as well as dif-
ferences among the five versions of the ASIA Standards, are
examined in detail elsewhere (Furlan et al., 2008).

Using the criteria of Terwee and colleagues (2007), the ASIA
Standards were assessed with regard to their quality based on
the literature (Table 3). Generally speaking, convergent and
divergent construct validity was shown in several prior studies
that examined the ASIA Standards in the SCI population, but
criterion validity was not previously studied due to the lack of
a gold standard for assessment of impairment. In general, the
ASIA Standards were found to be reliable instruments for de-
scriptive and evaluative purposes in the SCI population.
However, two previous studies suggested that the ASIA
Standards are not reliable for assessment of SCI children who
are less than 4 years old (Mulcahey and Gaughan, 2005; Mul-
cahey et al., 2007a). Although the ASIA Standards appear to be
responsive to changes in the patients’ motor and sensory
function, there are four major issues with regard to their re-
sponsiveness as follows: (1) a neurological examination using
the ASIA Standards earlier than 72 h may not be appropriate;
(2) the use of ASIA upper and lower extremity motor sub-
scores appears to be more appropriate than the use of a single
ASIA motor score; (3) the minimal clinically important differ-
ence of the ASIA Standards is unknown; and (4) the function-
ally meaningful ASIA score threshold to document the benefit
of a novel therapeutic intervention varies according to the level
and severity of SCI. Finally, the psychometric properties of the
ASIA Standards were relatively well tested in the acute care,
rehabilitation, and community settings.

Instruments of pain assessment

Of the 267 abstracts yielded in our primary search, 24 ar-
ticles that fulfilled the inclusion and exclusion criteria were
reviewed by the two reviewers. All 24 studies were level 4
evidence (Table 4). All those studies were carried out in the
community or rehabilitation setting, but there was no study
that examined pain assessment in the acute care setting. While
18 of 24 articles studied an instrument for assessment of pain
intensity (Table 5), the remaining six studies focused on
classifications of pain in the SCI population (Table 6). The
visual analog scale (VAS) is the most commonly studied in-
strument of assessment of pain intensity in the SCI popula-
tion. Although the construct validity of the VAS has been

shown in several prior studies, further investigation is re-
quired with regard to its reliability and responsiveness in the
SCI population. In addition to the paucity of studies on the
classification instruments for pain in the SCI population, our
results suggest that there is no instrument with appropriate
psychometric properties for this particular population.

Discussion

Our systematic review indicates that the ASIA Standards
represent an appropriate instrument to categorize and eval-
uate spinal cord injured adults over time with respect to their
motor and sensory function. Nevertheless, further investiga-
tion of the psychometric properties of the ASIA Standards is
recommended due to a lack of studies focused on some key
elements of responsiveness. In addition, the visual analog
scale (VAS) appears to be the most commonly studied in-
strument of assessment of pain intensity in the SCI popula-
tion. Again, further investigation is required with regard to its
reliability and responsiveness in the SCI population. Our re-
sults also suggest that there is no instrument with appropriate
psychometric properties for this particular population.

ASIA Standards

The ASIA Standards are commonly used to classify and
evaluate neurological deficit after SCI in both clinical and
research arenas. In this systematic review, we identified 56
clinical studies that examine the psychometric properties of
the ASIA standards in the assessment of motor and sensory
function of patients with SCI. While convergent construct
validity, reliability, and responsiveness were the most com-
monly studied psychometric properties of the ASIA Stan-
dards, criterion validity of the ASIA Standards was not
assessed because there is no gold standard.

Generally speaking, the results of our systematic review
suggest that the ASIA Standards is a reliable, valid, and re-
sponsive instrument for descriptive and evaluative purposes in
the adult SCI population in the acute care, rehabilitation, and
community settings. However, there are important issues with
regard to reliability and responsiveness of the ASIA Standards
that limit their use in particular circumstances. First, two pre-
vious prospective studies suggest the unsuitability of ASIA
Standards for assessment of SCI in children who are under the
age of 4 years (Mulcahey and Gaughan, 2005; Mulcahey et al.,
2007a). Second, there are concerns with regard to the reliability
of the ASIA Standards for assessments earlier than 72 h after
acute SCI, due to previously reported variability when patients
are examined within the first 24 h. Given this finding, it has
been recommended that a 72 h assessment using ASI Stan-
dards should follow any earlier neurological evaluation of pa-
tients with acute SCI. Third, the use of ASIA upper and lower
extremity motor sub-scores is recommended rather than a
single ASIA motor score to reduce the floor to ceiling effects
(Marino and Graves, 2004). An important precept of a multi-
part scale is an overall unidimensionality. When no hierarchy
of components is considered in an outcome measure, the con-
cept of unidimensionality may become weak because some
components can deteriorate while others improve and there is
no consideration of which are more important. This is parti-
cularly important when looking at changes in severity of
impairment. Finally, to our knowledge, the minimal clinically
important difference of the ASIA Standards remains unknown.
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Pain assessment

Our systematic review also examined the psychometric
properties of pain assessments in the SCI population based on
24 studies that were captured in our search. None of these ex-
amined pain assessment in an acute care setting, but all studies
were carried out in spinal cord injured individuals in the
community or rehabilitation setting. While 75% of the studies
were focused on assessment of pain intensity, the remaining
25% examined classification of pain in the SCI population. The
VAS is the most commonly used instrument of assessment of
pain intensity in the SCI population. However, there was no
classification of pain with confirmed reliability, validity, and
responsiveness for use among spinal cord injured individuals.

Clinical assessment of pain associated with SCI is difficult
because spinal cord injured individuals commonly develop
complex and multiple pain syndromes with varied charac-
teristics and occurring simultaneously in different parts of the
body. Prior taxonomies of pain after SCI usually classify pain
according to the type of pain (neuropathic or nociceptive) as
well as level and severity of SCI (Bryce et al., 2007; Siddall
et al., 1997). Those premises should be taken into consider-
ation in the classification of pain following SCI. However, it is
difficult to accurately link particular pain features to specific
mechanisms because individuals with SCI can develop sev-
eral types of pain that often persist, can worsen over time, and
usually interfere with patient’s cognitive, emotional, and
physical function (Siddall et al., 1997). Unlike the classification
of pain, the instruments of assessment of pain intensity are
commonly used in the research and clinical fields. Although
there are different instruments of assessment of pain intensity
in the literature, the VAS from 0 to 10 (or 0 to 100) is the most
commonly used. Our results also suggest that while the con-
struct validity of the VAS has been shown in several prior
studies, further investigation is required with regard to its
reliability and responsiveness in the SCI population.

Recommendations

In the Delphi process, a panel of scientific experts in the field
of acute SCI (including basic scientists, clinician-scientists,
surgeons, rehabilitation specialists, nurses, and clinical epi-
demiologists) consensually endorsed the recommendation for
use of ASIA Standards for assessment of motor and sensory
function (based on pin-prick and light-touch sensation) and
VAS for assessment of pain intensity in patients with acute
SCI. However, the expert panel also recognized the need for
further investigations to confirm the performance of both in-
struments in the acute care setting.

Acknowledgment

The authors thank Ms. Swati Mehta for her assistance in the
operations of the systematic review.

Author Disclosure Statement

The work was funded by a grant from the Rick Hansen
Foundation through the Spinal Cord Injury Solutions Network.

References

Alexander, M.S., Biering-Sorensen, F., Bodner, D., Brackett, N.L.,
Cardenas, D., Charlifue, S., Creasey, G., Dietz, V., Ditunno, J.,

Donovan, W., Elliott, S.L., Estores, I., Graves, D.E., Green, B.,
Gousse, A., Jackson, A.B., Kennelly, M., Karlsson, A.K., Kras-
sioukov, A., Krogh, K., Linsenmeyer, T., Marino, R., Mathias,
C.J., Perkash, I., Sheel, A.W., Schilero, G., Schurch, B., Sonksen,
J., Stiens, S., Wecht, J., Wuermser, L.A., and Wyndaele, J.J.
(2009). International standards to document remaining auto-
nomic function after spinal cord injury. Spinal Cord 47, 36–43.

Attal, N., Fermanian, C., Fermanian, J., Lanteri-Minet, M., Al-
chaar, H., and Bouhassira, D. (2008). Neuropathic pain: are
there distinct subtypes depending on the aetiology or ana-
tomical lesion? Pain 138, 343–353.

Bednarczyk, J.H., and Sanderson, D.J. (1993). Comparison
of functional and medical assessment in the classification of
persons with spinal cord injury. J. Rehabil. Res. Dev. 30, 405–
411.

Blaustein, D.M., Zafonte, R, Thomas, D., Herbison, G.J., and
Ditunno, J.F. (1993). Predicting recovery of motor complete
quadriplegic patients. 24 hour v 72 hour motor index scores.
Am. J. Phys. Med. Rehabil. 72, 306–311.

Boldin, C., Raith, J., Fankhauser, F., Haunschmid, C., Schwant-
zer, G., and Schweighofer, F. (2006). Predicting neurologic
recovery in cervical spinal cord injury with postoperative MR
imaging. Spine 31, 554–559.

Brown, P.J., Marino, R.J., Herbison, G.J., and Ditunno, J.F., Jr.
(1991). The 72-hour examination as a predictor of recovery in
motor complete quadriplegia. Arch. Phys. Med. Rehabil. 72,
546–548.

Bryce, T.N., Budh, C.N., Cardenas, D.D., Dijkers, M., Felix, E.R.,
Finnerup, N.B., Kennedy, P., Lundeberg, T., Richards, J.S.,
Rintala, D.H., Siddall, P., and Widerstrom-Noga, E. (2007).
Pain after spinal cord injury: an evidence-based review for
clinical practice and research. Report of the National Institute
on Disability and Rehabilitation Research Spinal Cord Injury
Measures meeting. J. Spinal Cord Med. 30, 421–440.

Bryce, T.N., Dijkers, M.P., Ragnarsson, K.T., Stein, A.B., and
Chen, B. (2006). Reliability of the Bryce=Ragnarsson spinal
cord injury pain taxonomy. J. Spinal Cord Med. 29, 118–132.

Budh, C.N., and Osteraker, A.L. (2007). Life satisfaction in in-
dividuals with a spinal cord injury and pain. Clin. Rehabil. 21,
89–96.

Burns, A.S., Lee, B.S., Ditunno, J.F., Jr., and Tessler, A. (2003).
Patient selection for clinical trials: the reliability of the early
spinal cord injury examination. J. Neurotrauma 20, 477–482.

Cardenas, D.D., Turner, J.A., Warms, C.A., and Marshall, H.M.
(2002). Classification of chronic pain associated with spinal
cord injuries. Arch. Phys. Med. Rehabil. 83, 1708–1714.

Clifton, G.L., Donovan, W.H., Dimitrijevic, M.M., Allen, S.J., Ku,
A., Potts, J.R., 3rd, Moody, F.G., Boake, C., Sherwood, A.M.,
and Edwards, J.V. (1996). Omental transposition in chronic
spinal cord injury. Spinal Cord 34, 193–203.

Clinical assessment after acute cervical spinal cord injury. (2002).
Neurosurgery 50, S21–29.

Cohen, M.E., and Bartko, J.J. (1994). Reliability of the ISCSCI-92.
In: Reference Manual for the International Standards for Neurolo-
gical and Functional Classification of Spinal Cord Injury. J.F. Di-
tunno, Jr., W.H. Donovan, and F.M. Maynard, Jr. (eds). ASIA:
Chicago.

Cohen, M.E., Ditunno, J.F., Jr., Donovan, W.H., and Maynard,
F.M, Jr. (1998). A test of the 1992 International Standards for
Neurological and Functional Classification of Spinal Cord
Injury. Spinal Cord 36, 554–560.

Cohen, M.J., McArthur, D.L., Vulpe, M., Schandler, S.L., and
Gerber, K.E. (1988). Comparing chronic pain from spinal cord
injury to chronic pain of other origins. Pain 35, 57–63.

1474 FURLAN ET AL.



Curt, A., and Dietz, V. (1996). Traumatic cervical spinal cord
injury: relation between somatosensory evoked potentials,
neurological deficit, and hand function. Arch. Phys. Med.
Rehabil. 77, 48–53.

Curt, A., and Dietz, V. (1997). Ambulatory capacity in spinal
cord injury: significance of somatosensory evoked potentials
and ASIA protocol in predicting outcome. Arch. Phys. Med.
Rehabil. 78, 39–43.

Curt, A., Keck, M.E., and Dietz, V. (1998). Functional outcome
following spinal cord injury: significance of motor-evoked po-
tentials and ASIA scores. Arch. Phys. Med. Rehabil. 79, 81–86.

Curtis, K.A., Roach, K.E., Applegate, E.B., Amar, T., Benbow,
C.S., Genecco, T.D., and Gualano, J. (1995). Development of
the Wheelchair User’s Shoulder Pain Index (WUSPI). Para-
plegia 33, 290–293.

Davidoff, G., Roth, E., Guarracini, M., Sliwa, J., and Yarkony, G.
(1987). Function-limiting dysesthetic pain syndrome among
traumatic spinal cord injury patients: a cross-sectional study.
Pain 29, 39–48.

de Bruin, A.F., de Witte, L.P., Stevens, F., and Diederiks, J.P.
(1992). Sickness Impact Profile: the state of the art of a generic
functional status measure. Soc. Sci. Med. 35, 1003–1014.

Defrin, R., Ohry, A., Blumen, N., and Urca, G. (2001). Char-
acterization of chronic pain and somatosensory function in
spinal cord injury subjects. Pain 89, 253–263.

Ditunno, J.F., Jr., Barbeau, H., Dobkin, B.H., Elashoff, R., Har-
kema, S., Marino, R.J., Hauck, W.W., Apple, D., Basso, D.M.,
Behrman, A., Deforge, D., Fugate, L., Saulino, M., Scott, M.,
and Chung, J. (2007). Validity of the walking scale for spinal
cord injury and other domains of function in a multicenter
clinical trial. Neurorehabil. Neural Repair 21, 539–550.

Ditunno, J.F., Scivoletto, G., Patrick, M., Biering-Sorensen, F.,
Abel, R., and Marino, R. (2008). Validation of the walking
index for spinal cord injury in a US and European clinical
population. Spinal Cord 46, 181–188.

Donovan, W.H., Brown, D.J., Ditunno, J.F., Jr., Dollfus, P., and
Frankel, H.L. (1997). Neurological issues. Spinal Cord 35, 275–
281.

Donovan, W.H., Wilkerson, M.A., Rossi, D., Mechoulam, F., and
Frankowski, R.F. (1990). A test of the ASIA guidelines for
classification of spinal cord injuries. J. Neurol. Rehab. 4, 39–53.

El Masry, W.S., Tsubo, M., Katoh, S., El Miligui, Y.H., and Khan,
A. (1996). Validation of the American Spinal Injury Associa-
tion (ASIA) motor score and the National Acute Spinal Cord
Injury Study (NASCIS) motor score. Spine 21, 614–619.

Flanders, A.E., Schaefer, D.M., Doan, H.T., Mishkin, M.M.,
Gonzalez, C.F., and Northrup, B.E. (1990). Acute cervical
spine trauma: correlation of MR imaging findings with degree
of neurologic deficit. Radiology 177, 25–33.

Fujiwara, T., Hara, Y., Akaboshi, K., and Chino, N. (1999). Re-
lationship between shoulder muscle strength and functional
independence measure (FIM) score among C6 tetraplegics.
Spinal Cord 37, 58–61.

Furlan, J.C., Fehlings, M.G., Tator, C.H., and Davis, A.M. (2008).
Motor and sensory assessment of patients in clinical trials for
pharmacological therapy of acute spinal cord injury: psycho-
metric properties of the ASIA Standards. J. Neurotrauma 25,
1273–1301.

Geisler, F.H., Coleman, W.P., Grieco, G., and Poonian, D. (2001).
Measurements and recovery patterns in a multicenter study of
acute spinal cord injury. Spine 26, S68–86.

Graves, D.E., Frankiewicz, R.G., and Donovan, W.H. (2006).
Construct validity and dimensional structure of the ASIA
motor scale. J. Spinal Cord Med. 29, 39–45.

Guyatt, G.H., Feeny, D.H., and Patrick, D.L. (1993). Measuring
health-related quality of life. Ann. Intern. Med. 118, 622–629.

Hanley, M.A., Jensen, M.P., Ehde, D.M., Robinson, L.R., Car-
denas, D.D., Turner, J.A., and Smith, D.G. (2006a). Clinically
significant change in pain intensity ratings in persons with
spinal cord injury or amputation. Clin. J. Pain 22, 25–31.

Hanley, M.A., Masedo, A., Jensen, M.P., Cardenas, D., and
Turner, J.A. (2006b). Pain interference in persons with spinal
cord injury: classification of mild, moderate, and severe pain.
J. Pain 7, 129–133.

Hanley, M.A., Raichle, K., Jensen, M., and Cardenas, D.D. (2008).
Pain catastrophizing and beliefs predict changes in pain in-
terference and psychological functioning in persons with spi-
nal cord injury. J. Pain 9, 863–871.

Herbison, G.J., Zerby, S.A., Cohen, M.E., Marino, R.J., and Di-
tunno, J.F., Jr. (1992). Motor power differences within the first
two weeks post-SCI in cervical spinal cord-injured quadri-
plegic subjects. J. Neurotrauma 9, 373–380.

Iseli, E., Cavigelli, A., Dietz, V., and Curt, A. (1999). Prognosis
and recovery in ischaemic and traumatic spinal cord injury:
clinical and electrophysiological evaluation. J. Neurol. Neu-
rosurg. Psychiatry 67, 567–571.

Jacobs, W.B., and Fehlings, M.G. (2003). The molecular basis of
neural regeneration. Neurosurgery 53, 943–948; discussion,
948–950.

Johnston, M.V., Diab, M.E., Kim, S.S., and Kirshblum, S. (2005).
Health literacy, morbidity, and quality of life among indi-
viduals with spinal cord injury. J. Spinal Cord Med. 28, 230–
240.

Jonsson, M., Tollback, A., Gonzales, H., and Borg, J. (2000). Inter-
rater reliability of the 1992 international standards for neuro-
logical and functional classification of incomplete spinal cord
injury. Spinal Cord 38, 675–679.

Kennedy, P., Frankel, H., Gardner, B., and Nuseibeh, I. (1997).
Factors associated with acute and chronic pain following
traumatic spinal cord injuries. Spinal Cord 35, 814–817.

Kirshblum, S., Millis, S., McKinley, W., and Tulsky, D. (2004).
Late neurologic recovery after traumatic spinal cord injury.
Arch. Phys. Med. Rehabil. 85, 1811–1817.

Kirshblum, S.C., Memmo, P., Kim, N., Campagnolo, D., and
Millis, S. (2002). Comparison of the revised 2000 American
Spinal Injury Association classification standards with the
1996 guidelines. Am. J. Phys. Med. Rehabil. 81, 502–505.

Krassioukov, A.V., Karlsson, A.K., Wecht, J.M., Wuermser, L.A.,
Mathias, C.J., and Marino, R.J. (2007). Assessment of auto-
nomic dysfunction following spinal cord injury: rationale for
additions to International Standards for Neurological Assess-
ment. J. Rehabil. Res. Dev. 44, 103–112.

Krischner, B., and Guyatt, G. (1985). A methodological frame-
work for assessing health indices. J. Chron. Dis. 38, 27–36.

Kucukdeveci, A.A., Yavuzer, G., Tennant, A., Suldur, N., Sonel,
B., and Arasil, T. (2000). Adaptation of the modified Barthel
index for use in physical medicine and rehabilitation in Tur-
key. Scand. J. Rehabil. Med. 32, 87–92.

Lazar, R.B., Yarkony, G.M., Ortolano, D., Heinemann, A.W.,
Perlow, E., Lovell, L., and Meyer, P.R. (1989). Prediction of
functional outcome by motor capability after spinal cord in-
jury. Arch. Phys. Med. Rehabil. 70, 819–822.

Lohr, K.N., Aaronson, N.K., Alonso, J., Burnam, M.A., Patrick,
D.L., Perrin, E.B., and Roberts, J.S. (1996). Evaluating quality-
of-life and health status instruments: development of scientific
review criteria. Clin. Ther. 18, 979–992.

Marciello, M.A., Flanders, A.E., Herbison, G.J., Schaefer, D.M.,
Friedman, D.P., and Lane, J.I. (1993). Magnetic resonance

IMPAIRMENT ASSESSMENT OF PATIENTS WITH SCI 1475



imaging related to neurologic outcome in cervical spinal cord
injury. Arch. Phys. Med. Rehabil. 74, 940–946.

Marino, R.J., Ditunno, J.F., Jr., Donovan, W.H., and Maynard, F.,
Jr. (1999). Neurologic recovery after traumatic spinal cord in-
jury: data from the Model Spinal Cord Injury Systems. Arch.
Phys. Med. Rehabil. 80, 1391–1396.

Marino, R.J., and Goin, J.E. (1999). Development of a short-form
quadriplegia index of function scale. Spinal Cord 37, 289–296.

Marino, R.J., and Graves, D.E. (2004). Metric properties of the
ASIA motor score: subscales improve correlation with func-
tional activities. Arch. Phys. Med. Rehabil. 85, 1804–1810.

Marino, R.J., Huang, M., Knight, P., Herbison, G.J., Ditunno, J.F.,
Jr., and Segal, M. (1993). Assessing selfcare status in quadri-
plegia: comparison of the quadriplegia index of function (QIF)
and the functional independence measure (FIM). Paraplegia
31, 225–233.

Marino, R.J., Shea, J.A., and Stineman, M.G. (1998). The Cap-
abilities of Upper Extremity instrument: reliability and valid-
ity of a measure of functional limitation in tetraplegia. Arch.
Phys. Med. Rehabil. 79, 1512–1521.

McHorney, C.A., and Tarlov, A.R. (1995). Individual-patient
monitoring in clinical practice: Are available health status
surveys adequate? Qual. Life Res. 4, 293–307.

Miyanji, F., Furlan, J.C., Aarabi, B., Arnold, P.M., and Fehlings,
M.G. (2007). Acute cervical traumatic spinal cord injury:
MR imaging findings correlated with neurologic outcome—
prospective study with 100 consecutive patients. Radiology
243, 820–827.

Mulcahey, M.J., and Gaughan, J. (2005). Preliminary evaluation
of repeatability of the ASIA motor and sensory examination in
children and youth. J. Spinal Cord Med. 28, 161.

Mulcahey, M.J., Gaughan, J., Betz, R.R., and Johansen, K.J.
(2007a). The International Standards for Neurological Classi-
fication of Spinal Cord Injury: reliability of data when applied
to children and youths. Spinal Cord 45, 452–459.

Mulcahey, M.J., Gaughan, J., Betz, R.R., and Vogel, L.C. (2007b).
Rater agreement on the ISCSCI motor and sensory scores
obtained before and after formal training in testing technique.
J. Spinal Cord Med. 30, Suppl 1, S146–149.

Oleson, C.V., Burns, A.S., Ditunno, J.F., Geisler, F.H., and Co-
leman, W.P. (2005). Prognostic value of pinprick preservation
in motor complete, sensory incomplete spinal cord injury.
Arch. Phys. Med. Rehabil. 86, 988–992.

Ota, T., Akaboshi, K., Nagata, M., Sonoda, S., Domen, K., Seki,
M., and Chino, N. (1996). Functional assessment of patients
with spinal cord injury: measured by the motor score and the
Functional Independence Measure. Spinal Cord 34, 531–535.

Priebe, M.M., and Waring, W.P. (1991). The interobserver reli-
ability of the revised American Spinal Injury Association
standards for neurological classification of spinal injury pa-
tients. Am. J. Phys. Med. Rehabil. 70, 268–270.

Putzke, J.D., Richards, J.S., Hicken, B.L., Ness, T.J., Kezar, L., and
DeVivo, M. (2002). Pain classification following spinal cord
injury: the utility of verbal descriptors. Spinal Cord 40, 118–
127.

Putzke, J.D., Richards, J.S., Ness, T., and Kezar, L. (2003a). In-
terrater reliability of the International Association for the
Study of Pain and Tunks’ spinal cord injury pain classification
schemes. Am. J. Phys. Med. Rehabil. 82, 437–440.

Putzke, J.D., Richards, J.S., Ness, T., and Kezar, L. (2003b). Test-
retest reliability of the Donovan spinal cord injury pain clas-
sification scheme. Spinal Cord 41, 239–241.

Quigley, P., and Veit, N. (1996). Interdisciplinary pain assess-
ment of spinal cord injury patients. SCI Nurs. 13, 62–68.

Raichle, K.A., Osborne, T.L., Jensen, M.P., and Cardenas, D.
(2006). The reliability and validity of pain interference mea-
sures in persons with spinal cord injury. J. Pain 7, 179–186.

Ramon, S., Dominguez, R., Ramirez, L., Paraira, M., Olona, M.,
Castello, T., and Garcia Fernandez, L. (1997). Clinical and
magnetic resonance imaging correlation in acute spinal cord
injury. Spinal Cord 35, 664–673.

Reid, N. (1993). Health Care Research by Degrees. Blackwell Sci-
entific Publications: Oxford.

Richards, J.S., Hicken, B.L., Putzke, J.D., Ness, T., and Kezar, L.
(2002). Reliability characteristics of the Donovan spinal cord
injury pain classification system. Arch. Phys. Med. Rehabil. 83,
1290–1294.

Roth, R.S., Lowery, J.C., and Hamill, J.B. (2004). Assessing per-
sistent pain and its relation to affective distress, depressive
symptoms, and pain catastrophizing in patients with chronic
wounds: a pilot study. Am. J. Phys. Med. Rehabil. 83, 827–834.

Sackett, D.L., Straus, S.E., Richardson, W.S., Rosenberg, W.M.,
and Haynes, R.B. (2000). Evidence-based Medicine: How to
Practice and Teach EBM. Churchill Livingstone: Toronto.

Salisbury, S.K., Nitz, J., and Souvlis, T. (2006). Shoulder pain
following tetraplegia: a follow-up study 2–4 years after injury.
Spinal Cord 44, 723–728.

Samuelsson, K.A., Tropp, H., and Gerdle, B. (2004). Shoulder
pain and its consequences in paraplegic spinal cord-injured,
wheelchair users. Spinal Cord 42, 41–46.

Savic, G., Bergstrom, E.M., Frankel, H.L., Jamous, M.A., and
Jones, P.W. (2007). Inter-rater reliability of motor and sensory
examinations performed according to American Spinal Injury
Association standards. Spinal Cord 45, 444–451.

Schaefer, D.M., Flanders, A., Northrup, B.E., Doan, H.T., and
Osterholm, J.L. (1989). Magnetic resonance imaging of acute
cervical spine trauma. Correlation with severity of neurologic
injury. Spine 14, 1090–1095.

Shimada, K., and Tokioka, T. (1999). Sequential MR studies of
cervical cord injury: correlation with neurological damage and
clinical outcome. Spinal Cord 37, 410–415.

Siddall, P.J., Taylor, D.A., and Cousins, M.J. (1997). Classification
of pain following spinal cord injury. Spinal Cord 35, 69–75.

Silberstein, M., Tress, B.M., and Hennessy, O. (1992). Prediction
of neurologic outcome in acute spinal cord injury: the role of
CT and MR. Am. J. Neuroradiol. 13, 1597–1608.

Song, Z.K., Cohen, M.J., Ament, P.A., Ho, W.H., Vulpe, M., and
Schandler, S.L. (1993). Two-point discrimination thresholds in
spinal cord injured patients with dysesthetic pain. Paraplegia
31, 425–493.

Takahashi, M., Harada, Y., Inoue, H., and Shimada, K. (2002).
Traumatic cervical cord injury at C3–4 without radiographic
abnormalities: correlation of magnetic resonance findings with
clinical features and outcome. J. Orthop. Surg. (Hong Kong)
10, 129–135.

Terwee, C.B., Bot, S.D., de Boer, M.R., van der Windt, D.A.,
Knol, D.L., Dekker, J., Bouter, L.M., and de Vet, H.C. (2007).
Quality criteria were proposed for measurement properties of
health status questionnaires. J. Clin. Epidemiol. 60, 34–42.

Tewari, M.K., Gifti, D.S., Singh, P., Khosla, V.K., Mathuriya,
S.N., Gupta, S.K., and Pathak, A. (2005). Diagnosis and
prognostication of adult spinal cord injury without radio-
graphic abnormality using magnetic resonance imaging:
analysis of 40 patients. Surg. Neurol. 63, 204–209; discussion,
209.

Toh, E., Arima, T., Mochida, J., Omata, M., and Matsui, S. (1998).
Functional evaluation using motor scores after cervical spinal
cord injuries. Spinal Cord 36, 491–496.

1476 FURLAN ET AL.



Turner, J.A., Jensen, M.P., Warms, C.A., and Cardenas, D.D.
(2002). Catastrophizing is associated with pain intensity, psy-
chological distress, and pain-related disability among indi-
viduals with chronic pain after spinal cord injury. Pain 98,
127–134.

Waters, R.L., Adkins, R., Yakura, J., and Vigil, D. (1994a). Pre-
diction of ambulatory performance based on motor scores
derived from standards of the American Spinal Injury Asso-
ciation. Arch. Phys. Med. Rehabil. 75, 756–760.

Waters, R.L., Adkins, R.H., Yakura, J.S., and Sie, I. (1993). Motor
and sensory recovery following complete tetraplegia. Arch.
Phys. Med. Rehabil. 74, 242–247.

Waters, R.L., Adkins, R.H., Yakura, J.S., and Sie, I. (1994b).
Motor and sensory recovery following incomplete tetraplegia.
Arch. Phys. Med. Rehabil. 75, 306–311.

Waters, R.L., Yakura, J.S., Adkins, R.H., and Sie, I. (1992). Re-
covery following complete paraplegia. Arch. Phys. Med. Re-
habil. 73, 784–789.

Weinstein, D.E., Ko, H.Y., Graziani, V., and Ditunno, J.F., Jr.
(1997). Prognostic significance of the delayed plantar reflex
following spinal cord injury. J. Spinal Cord Med. 20, 207–211.

Wells, J.D., and Nicosia, S. (1995). Scoring acute spinal cord in-
jury: a study of the utility and limitations of five different
grading systems. J. Spinal Cord Med. 18, 33–41.

WHO. (2001). International Classification of Functioning, Disability,
and Health. World Heath Organization: Geneva.

Widerstrom-Noga, E.G., Cruz-Almeida, Y., Martinez-Arizala,
A., and Turk, D.C. (2006). Internal consistency, stability, and
validity of the spinal cord injury version of the multidimen-
sional pain inventory. Arch. Phys. Med. Rehabil. 87, 516–523.

Widerstrom-Noga, E.G., Felipe-Cuervo, E., and Yezierski, R.P.
(2001). Chronic pain after spinal injury: interference with sleep
and daily activities. Arch. Phys. Med. Rehabil. 82, 1571–1577.

Wirth, B., van Hedel, H.J., Kometer, B., Dietz, V., and Curt, A.
(2008). Changes in activity after a complete spinal cord injury
as measured by the Spinal Cord Independence Measure II
(SCIM II). Neurorehabil. Neural Repair 22, 279–287.

Yavuz, N., Tezyurek, M., and Akyuz, M. (1998). A comparison
of two functional tests in quadriplegia: the quadriplegia index
of function and the functional independence measure. Spinal
Cord 36, 832–837.

Address correspondence to:
Michael G. Fehlings, M.D., Ph.D.

Division of Neurosurgery
University of Toronto

Toronto Western Hospital
399 Bathurst Street, 4W449

Toronto, Ontario
Canada M5T 2S8

E-mail: Michael.Fehlings@uhn.on.ca

IMPAIRMENT ASSESSMENT OF PATIENTS WITH SCI 1477




