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Abstract
Background/Objective: The use of the American Spinal Injury Association (ASIA) motor score as an
outcome measure requires metrological study. This paper tests the hypothesis that a more accurate
representation of motor function is obtained using separate upper and lower extremity scales rather than
combining all 20 key muscle ratings into a single ASIA motor score.

Methods: We analyzed archived data from 6,116 ASIA motor scale records extracted from the National
Spinal Cord Injury Statistical Center Database.

Results: The hypothesis that separate scales more accurately represent motor function than a single motor
scale was supported (v2

(difference)
¼ 2,596; df¼ 1; P , 0.0001). Two scales account for 87% of the variance,

whereas a single scale accounts for only 82%. Lower extremity function is well represented in both solutions;
however, upper extremity function is accurately represented only with the use of 2 separate scales.

Conclusions: The use of components of the ASIA standards for other than classification of spinal cord injury
needs study. Several lines of study converge to provide strong support for the existence of 2 distinctive
dimensions underlying the ASIA motor scale. The use of a single motor score in spinal cord injury research
should be questioned and justified to the extent possible. The use of upper and lower extremity scales will
lead to a reduction in measurement error when the motor score is used as an outcome measure. The
confirmation of 2 separate dimensions underlying the ASIA motor score will enable more accurate
representation of motor function in spinal cord injury research.
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INTRODUCTION
The International Standards for Neurological Classifica-
tion of Spinal Cord Injury were initially developed by the
American Spinal Injury Association (ASIA) to categorize
spinal cord injuries (SCIs). The standardized physical
examination and classification facilitates communication
concerning the level and extent of injuries (1). The key
muscles designated in the motor score component of the
standards were chosen so that the level of spinal injury
could be determined and not because these muscles had

any specific relevance in determining outcome. The ASIA
motor score (AMS) has become widely used as an index
of recovery after SCI (2–5) and as an outcome measure
for clinical trials (6,7). The application of components of
the ASIA score for other than injury classification warrants
study. Evidence of the measurement properties, specifi-
cally the construct validity, of the AMS as an outcome
measure is lacking.

The most fundamental validity question one can ask
is, ‘‘Does a scale actually measure what it appears to
measure? Do similarities and differences in scores relate
to similarities and differences in the persons measured
and what factors explain them?’’ In measurement terms,
the question becomes ‘‘what construct(s) account for the
observed variance?’’ Accurately describing the constructs
that influence the scores obtained from a scale is
fundamental and perhaps the most important activity in
metrological research. If the scores from a scale do not
accurately reflect the construct it is intended to represent,
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the foundation for any conclusions is completely re-
moved. One method of studying construct validity is to
determine if all of the items of a scale are contributing to
the score in a meaningful way. In other words, are all of
the items more or less strongly related to the construct
they are intended to measure?

This paper describes an analysis of the AMS studying
the construct validity of the motor score. It is intended to
determine if the key muscles of the AMS are all equally
related to a single motor dimension or if it is more
accurate to conceptualize the AMS as 2 separate motor
dimensions. The hypothesis for this study was developed
from several lines of evidence.

From an intuitive standpoint, the AMS seems to be 2
separate scales. There are no key muscles tested between
levels T1 and L2. This separation of the upper and lower
extremity scale key muscles provides prima facie evidence
of the existence of separate scales. A consequence of the
separation of the motor ratings is visible from a histogram
of total scores. In distributions of motor scores, as much
as 30% of the scores will have the same score value of 50
(8). The motor score of 50 can not distinguish a case with
complete upper extremity function and no lower
extremity function from a case partial function in both
upper and lower extremities that sums to 50. Any scale
that consistently shows a distribution with a large
concentration of observations at a single score value is
insensitive at best.

A more empirical line of evidence suggests that the
key muscles of the AMS may not equally relate to a single
underlying construct. Exploratory factor analysis of the
AMS suggests that the key muscles actually define 2
distinctly separate factors (8): a lower extremity motor
factor and an upper extremity motor factor each
consisting of the respective 10 key muscles. These 2
factors accounted for 83% of the variance in the data.
Furthermore, the correlation between these 2 factors is
very low. This finding has been cross-validated in other
samples (9,10).

Further evidence comes from item response theory
(IRT). IRT studies suggest that 2 scales more accurately
measure motor function than does the use of a single
motor score. With IRT analysis, the accuracy of measure-
ment is conveyed by an information function. The
information function is inversely related to measurement
error (11,12). The sum of the information functions from
the separate upper and lower extremity scales exceeds
the function for the single scale. One possible explana-
tion for this is that the use of a single motor scale violates
the unidimensionality assumption and thereby introdu-
ces measurement error. The increase in information
indicates that 2 separate scales may describe motor
function more accurately than a single total AMS.

These findings suggest that there may be quantifiable
differences between 2 competing conceptual models of
the AMS (1 dimension vs 2 dimensions). If this is the case,
there should be detectable differences in how closely the

2 models fit observed data. It is now possible to offer the
hypothesis that a model defining 2 separate dimensions
will more accurately fit and account for more of the
variance in observed data than will a model defining
a single dimension. To test the hypothesis, 2 models will
be established, model fit characteristics will be estimated,
and the hypothesis will be tested using the difference in
the measure of overall fit of these models.

METHODS
This is an analysis of data collected by the Model Spinal
Cord Injury Systems in the National Spinal Cord Injury
Statistical Center Database from 1993 through 2003. This
collection period covered three 5-year grant cycles;
therefore, the data were collected from 20 different
Model SCI Centers. Data from 6,116 records were
included, with complete data for the 20 key muscles in
the AMS from the evaluation at time of discharge from
rehabilitation. The individual key muscle ratings were
used to determine the extent to which each rating
correlated to the underlying construct in either a 1 or 2
motor-dimension model. Demographic and descriptive
data were also collected. The chi-square test statistic was
developed for each model using a generalized least
squares method.

Figures 1 and 2 show the a priori models to be
evaluated in this study. Figure 1 is the model depicting
a single motor dimension underlying the 20 key muscle
ratings. This model represents the traditional use of the
AMS. An alternative model presented in Figure 2 depicts
the upper motor dimension defined by the upper
extremity key muscles and a lower motor dimension
defined by the lower extremity key muscles. The key
muscle data elements are shown in the 2 rows of small
rectangles labeled for the key muscle and side of the
body (eg, C5L¼C-05 elbow flexor on the left side). Each
of the key muscle data elements has a residual or error
term associated with it. As the name suggests, these
terms are in the model to account for variance in the
ratings of the key muscles that is not aligned with the
motor dimension(s). These residual terms are named
consecutively from e1 to e20.

The large oval(s) in the center of the diagrams
represent the motor dimension(s) defined by the key
muscle data elements. The straight line arrows from the
dimensions to the key muscle data elements represent
the correlations between the muscle rating and the
motor dimension.

The curved lines with double-headed arrows between
the upper and lower motor dimensions and the residual
terms represent the correlation between unobserved
variables. In these models, it is hypothesized that the key
muscle residuals will show 2 specific patterns of in-
terrelation. These interrelations are included to represent
the influence the multiple innervations key muscles as well
as the proximity of the neural tracts in the spinal cord. In
a set of 20 residuals, there are 190 possible combinations of
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2 residuals (13). However, only 26 (13%) of these possible
interrelations are hypothesized to be meaningful and
necessary to establish in the model. The first type of
correlation between key muscle residuals is between
adjacent key muscles. The residual for a specified key
muscle is related to the residual of the ipsilateral key muscle
directly above and/or below that key muscle. For example,
the residual for the key muscle C6 on the left will be related
to the residuals of the key muscles C5 and C7 on the left.
This correlation is caused by the multiple innervations of
the key muscles (14). There are 16 correlations of this type
established in the model. The second type of correlation
among the residual terms is between the residual terms of
a specific key muscle with the residual term for that same
key muscle on the contralateral side of the body. For
example, the residual for C6 on the left is related to residual
for C6 on the right. There are 10 correlations of the second
type established in this model.

The 2-dimensional model in Figure 2 also shows
a correlation between the upper and lower motor
dimensions. The magnitude of relation between the 2
motor dimensions is thought to be small based on previous
work (15). The degree to which the 2 motor dimensions
are correlated can be interpreted as evidence of the validity
of the 2-dimensional structure. If the 2 dimensions are not
strongly related, there is support for using separate scales
for the upper and lower extremity ratings. If the 2
dimensions are substantially related, the key muscles may
indeed define a single scale of motor function.

Both models tested in this study are unidimensional
measurement models. The 2-dimensional model de-

picted in Figure 2 is considered a unidimensional
measurement model because the key muscle data
elements load on only 1 dimension, and there are no
correlations between the key muscles of the separate
dimensions. Both models meet the necessary and
sufficient requirements for model identification (16).
Model identification is necessary for obtaining a solution.

The primary methodology for this study is confirma-
tory factor analysis, which is a structural equation
modeling technique for testing hypotheses concerning
relations between indicators and dimensions underlying
them; it differs from exploratory factor analysis in that an
hypothesis concerning the structure of the underlying
factors is posited a priori.

For this study, the 2 a priori models were tested for
fit. The hypothesis was tested on the difference in the
global chi-square fit indicator between the 2 competing
models. The chi-square statistic, in this case, is a measure
of discrepancy between the model and the data. A
smaller value for chi-square represents a closer fit
between the data and the model, and a significant chi-
square difference therefore indicates that one model fits
significantly better than another. The hypothesis does not
attempt to determine if either model represents a precise
fit to the data, only that the 2-dimensional model will fit
better than the 1-dimensional model. The single di-
mension model has 144 degrees of freedom, and the 2-
dimensional model has 143. Therefore, the chi-square
difference statistic will be distributed as a chi-square with
1 degree of freedom. The critical value for this statistic at
P¼ 0.01 is 6.635. A difference in the chi-square of the 2

Figure 1. Single motor-dimension model as the AMS is
typically conceptualized; all 20 key muscle ratings related
to a single motor score.

Figure 2. An alternative model conceptualizing the AMS
as upper and lower extremity motor scores.
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competing models of greater than 6.635 will indicate
a difference between the models that is significant at the
level of 0.01. The form of the hypothesis is (17):

H0 : v2
ðsingle dimensionÞ � v2

ð2 dimensionsÞ � 6:635

H1 : v2
ðsingle dimensionÞ � v2

ð2 dimensionsÞ . 6:635

In addition to testing the hypothesis, an array of
alternative fit indices will be evaluated to determine the
extent to which the models fit the data. Each index
provides different information concerning the nature of
the fit of the models to the observed data. In addition to
the test of the hypothesis and the fit indices, the final
output of the models will provide (a) correlation
coefficients between key muscles and the motor
dimensions, between the key muscle residuals, and
between the motor dimensions and (b) r2, indicating
the proportion of the variation in the individual key
muscles ratings accounted for in the model.

RESULTS
The sample was 80% men, with a mean age of 36 6 16.53
years. The majority were white (62%), followed by African
American (26%), Hispanic (10%), and other or unspecified
(2%). At the time of discharge from rehabilitation, 48%
had paraplegia. Figure 3 shows the distribution of the
total AMS used in this study. Similar to previous reports,
25% of the cases in this study had a score of 50. The
peaked shape of the distribution indicates that the single
total score would be unable to differentiate between
complete paraplegic injuries and incomplete injuries.

The single-dimension model produced a value of v2¼
10,747, df ¼ 144. The 2-dimensional model produced
a value of v2¼ 8,151, df¼ 143. The difference (10,747 –

8,151 ¼ 2,596) is distributed as a chi-square with 1
degree of freedom. Clearly, the value 2,596 is greater
than the critical value of 6.635. Thus, there is support for
the hypothesis that the 2-dimensional model represents
a significant improvement over the single-dimension
model. Figures 4 and 5 show the 2 models with the
standardized estimates.

Table 1 lists the array of alternative fit indices to
compare the 2 competing models. In each case, the fit
indices supported the 2-dimensional model. The Good-
ness of Fit Index (GFI) and Root Mean Residual (RMR) are
in the class of fit indices called absolute fit indices. The
GFI indicates 82% of the variance is accounted for in the
1-dimension model, whereas 86% of the variance is
accounted for in the 2-dimensional model. The advan-
tage of the 2-dimensional model comes from accounting
for more of the variance in the upper extremity ratings.

Figure 4 clearly shows that the single-dimension
solution is not accounting for the variance in the upper
extremity ratings. The correlation coefficients between
the upper extremity key muscle ratings and the single
motor dimension in Figure 4 are weaker than the same
parameter in the 2-dimension model. The correlation
coefficients for the upper extremity ratings are stronger in
the 2-dimensional solution. These structure coefficients
ranged from 0.76 to 0.97. When squared, these structure
coefficients for the upper extremity ratings show that
from 58% to 94% of the variance in the individual key
muscles ratings was accounted for in the solution

Figure 3. A histogram showing the distribution of total
scores used in this study. The concentration of 25% of the
scores at the score value of 50 suggests that the ASIA
motor score may be insensitive to change.

Figure 4. Single-dimension model results showing the
correlation and squared correlation coefficients. This
figure shows the small influence the upper extremities
have on the total ASIA motor score.

The Journal of Spinal Cord Medicine Volume 29 Number 1 200642



compared with the range from 13% to 73% for the upper
extremity muscles in the 1-dimension model. Therefore,
less of the variance in the upper extremity ratings is
relegated to error in the 2-dimension model. This is
certainly one reason the 2-dimensional model fits the
data better than the single-dimension model.

The RMR for the 1-dimension model is 1.34 compared
with 0.25 for the 2-dimension model, indicating that the
2-dimensional model has substantially less residual
variance than the single-dimension model. RMR ¼ 0.25
indicates that the relations established in the 2-dimen-
sional model account for the majority of the variance.

Incremental fit indices include the Tucker-Lewis index
and the comparative fit index. Values for these indices
near 1.0 indicate a close fit. While these do not approach
1.0, there is a 30% increase in the Tucker-Lewis index and
an 18% increase in the comparative fit index for the 2-
dimensional model. With only 1 degree of freedom
difference between the 2 competing models, fit indices
that take into consideration the parsimony of the model
would not be expected to differ much for these models.
However, both the parsimony-adjusted Normed Fit Index
(NFI) and Comparative Fit Index (CFI) indicate a better fit
for the more complex model (1 less degree of freedom).

The root mean square error of approximation
(RMSEA) is an index of population discrepancy that takes
into account the complexity of the models. This index
provides a confidence interval around the estimate. It has

been suggested that values for the RMSEA that exceed

0.1 should lead to model rejection (18,19). In the case of

the 2-dimensional model, not only is the RMSEA less than

0.1, but the entire confidence interval is contained below

0.1. All of the values of the RMSEA for the 1-dimensional

model exceed the cut-off.

The final class of fit indices is information theoretic.

For these measures, large values indicate a combination

of model misfit and complexity. The values for both the

Akaike information criteria and the Bayes information

criteria favor the more complex 2-dimensional model.

This indicates that the improvement in model fit over-

comes the added complexity of the model.

Table 2 provides the variance-covariance matrix for

interested investigators to attempt the fit of alternative

models.

Figure 5. Two-dimensional model results showing the
correlation and squared correlation coefficients. This
figure shows the increased influence the upper extrem-
ities have on the total ASIA motor score when a 2-
dimensional model is used.

Table 1. Array of Alternative Fit Indices From Several
Classes of Fit Indices
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DISCUSSION
The key muscles and maneuvers specified to test them
were chosen because, with systematic application of the
standards, they were helpful in determination of the level
of injury. There have been attempts to use similar motor
scores to quantify recovery (20); however, the methods
used are distinct for the total motor score contained in
the AMS. The extent to which the AMS is useful as an
outcome measure needs to be studied and shown. Key
among the metric properties in need of study is the
construct validity of the AMS.

The results of this study provide strong evidence of 2
dimensions underlying the 20 key muscle elements of the
AMS. These dimensions are defined by distinctive sets of
key muscle ratings and only minimally correlated.
Combining minimally related dimensions into a single
score is a clear violation of the unidimensionality
assumption and calls the validity of conclusions drawn
from studies using a unitary motor score into question. If
the 20 key muscles are considered as a single scale, the
variation in the lower extremity scores exerts greater
influence in defining whatever the single dimension is
measuring—it certainly is not a comprehensive aggre-
gate of the 20 key muscles—the variation in the upper
extremity ratings being obfuscated by the variation in the
lower extremity ratings. Two separate scales are required
to allow more precise measurement and a more com-
prehensive assessment of motor function.

There is remarkable symmetry evident in the lower
extremity key muscle ratings in both solutions; the muscle-
to-factor correlation coefficients are virtually identical in
both solutions. The single dimension solution is account-
ing for a substantial portion of the variance in the lower
extremity ratings. However, the single-dimension model
does not account for as much of the variation in the upper

extremity ratings; the 2-dimensional model, however,
accounts for the same amount of variance in the lower
extremities and more variance in the upper extremities.

Accounting for the variation in upper extremity
motor function will translate into more accurate pre-
diction of constructs such as outcomes as measured by
the functional independence measure (FIM) or other
instruments that address functional ability or manual
dexterity. The increased ability of the 2-dimensional
model to account for the variation in upper extremity
motor function means that tasks requiring upper
extremity dexterity are more likely to covary with the
upper extremity scale. Because the variance related to
upper extremity function is no longer treated as error
variance, the strength of the relation between these
measures is bound to improve.

A more important implication of this research is that
the separation of the upper and lower extremities will
more accurately operationalize theoretical models of
disability such as the International Classification of
Functioning, Disability, and Health (21). When attempt-
ing to quantify unobservable constructs such as impair-
ment, there is a clear advantage to using measures that
validly measure the important and discernible indicators
of that construct. In SCI research there is an obvious need
to accurately quantify the motor capabilities of both the
upper and lower extremities.

Regardless of the application of the AMS, it is clear
that the upper and lower motor scales are distinct and
should be used as such. The use of the AMS as 2 separate
scales is only a partial solution to the problem shown in
Figure 3. Using 2 scales provides 2 skewed variables
instead of a single variable with a concentration of cases
obtaining a single score. Using 2 scales, however, will
increase the predictive power of the AMS and increase

Table 2. Covariance Matrix Used in This Study. (This is included for the benefit of investigators wishing to test other
models.)
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the accuracy of the characterization of motor ability in
persons with SCI. Moreover, using a single total AMS may
lead to failure to reject null hypotheses when there was
indeed an effect. The insensitivity or flawed conception of
the total AMS cannot be overcome with transformations
or modern testing procedures.

It may well be the case that some other combination of
upper and lower extremity muscles could provide a more
accurate measure of motor function than those included in
the AMS. There are many other muscles that could be
tested using more conventional manual muscle testing
(22). However, the wide acceptance of the International
Standards and the standardized assessment techniques
make the AMS an attractive alternative for research. It
must be remembered, however, that the standards are
very well validated for injury classification. The validity
does not generalize to the use of components as outcome
measures. The metric properties of the components must
be studied to ensure the integrity of findings.

The adoption of upper and lower extremity motor
function scores should not be an obstacle. The simple
summated upper and lower extremity scores should
suffice in most research applications. However, if greater
accuracy of scoring is desired, either a weighted linear
composite score such as a factor score or a marginal
maximum likelihood estimate from item response theory
analysis can be used. By doing so, the sources of error from
assessing and recording the ratings may be minimized.

CONCLUSION
Two separate motor scores more accurately represent the
construct of motor function as measured by the AMS
than does a single summated score. If the AMS is to be
used as an outcome measure, it should be used as 2
separate scales. Moreover, summation of the 20 key
muscle elements should be questioned in SCI research.
The single dimension computed as a sum of the 20 key
muscle ratings is, at best, insensitive to change, and at
worst, an invalid measure of motor function. This could
lead to researchers rejecting promising treatments (ie,
committing type II errors) caused by the insensitive
nature of the AMS.
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