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Patient-reported measures provide unique insights into motor
function after stroke

Jill Campbell Stewart, PhD, PT1 and Steven C. Cramer, MD1

1University of California, Irvine, Departments of Neurology and Anatomy & Neurobiology

Abstract
Background and Purpose—Patient-reported outcome measures have been found useful in
many disciplines but have received limited evaluation after stroke. The current study investigated
the relationship that patient-reported measures have with standard impairment and disability scales
after stroke.

Methods—Patients with motor deficits after stroke were scored on standard assessments
including NIH Stroke Scale (NIHSS), modified Rankin Scale (mRS), and Fugl-Meyer motor scale
(FM), and on two patient-reported measures, the hand function domain of the Stroke Impact Scale
(SIS), which documents difficulty of hand motor usage, and the amount of use portion of the
Motor Activity Log (MAL), which records amount of arm motor usage.

Results—The 43 participants had mild disability (median mRS=2), moderate motor deficits
(FM=46 ± 22), and mild cognitive/language deficits. The two patient-reported outcome measures,
SIS and MAL, were sensitive to the presence of arm motor deficits. Of 21 patients classified as
having minimal or no impairment or disability by the NIHSS or mRS (score of 0-1), 15 (71%)
reported difficulty with hand movements by the SIS score or reduced arm use by the MAL score.
Furthermore, of 14 patients with a normal exam, 10 (71%) reported difficulty with hand
movements or reduction in arm use.

Conclusions—Patient-reported measures were a unique source of insight into clinical status in
the current population. Motor deficits were revealed in a majority of patients classified by standard
scales as having minimal or no disability, and in a majority of patients classified as having no
deficits.

Keywords
Patient-reported measures; arm function; ceiling effect

Valid determination of outcome after stroke is important in both clinical practice and in
research trials. Scores on outcome measures are often used to determine the need for follow-
up care, the appropriateness of an intervention for a specific patient, and to assess effects of
therapy. Selecting the appropriate measurement tool from the large number available
represents a major challenge.1
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Numerous outcome measures are available to assess the effect of stroke at all levels of the
International Classification of Functioning, Disability and Health.1, 2 The modified Rankin
Scale (mRS), a global measure of activity, and the National Institute of Health Stroke Scale
(NIHSS), a global measure of body structure/function, are two frequently used outcome
measures in stroke clinical trials.3, 4 Measurement of outcome after stroke with these two
scales is often dichotomized, with patients scoring 0 or1 on either scale classified as having
“minimal or no disability”.5, 6 Such individuals may not be viewed as having continued
deficits warranting intervention.

However, recent studies emphasize that mild deficits after stroke can have a large impact on
long-term patient function.7, 8 It therefore becomes important to have a means to measure
mild post-stroke deficits. Some common measures of post-stroke function such as the
Functional Independence Measure and the Barthel Index have been criticized for having a
ceiling effect with mild stroke9-11, i.e., a normal score can be reached despite persistence of
deficits. The mRS has been praised for showing less ceiling effect than the Barthel
Index12, 13 and advocated for identifying milder post-stroke dysfunction.14 However,
questions remain regarding the extent of deficits present in individuals with favorable scores
on mRS, particularly for upper extremity (UE) function.

Weakness in the UE is highly prevalent after stroke, affecting up to 76% of patients15 and
contributing to decreased function and quality of life.16, 17 The primary hypothesis tested in
the current study was that sensitive, patient-reported measures of UE motor status would
reveal symptoms in a majority of patients classified as having minimal or no impairment or
disability after stroke based on standard scales, i.e., that NIHSS and mRS have a ceiling
effect for UE motor symptoms that can be overcome by use of patient-reported measures.
One might expect that an arm specific measure of motor impairment would better UE
capture deficits in individuals with mild stroke. Therefore, the UE Fugl-Meyer (FM) was
also examined due to its frequent use in stroke research studies and because the presence of
a ceiling effect for this measure has been debated in the literature.18, 19

Two patient-reported outcome measures were used to test this hypothesis. Patient-reported
outcomes are sensitive to change, are the gold standard for many social and emotional
consequences of brain injury, can reveal disability with high accuracy, and have been found
useful for individual patient management.20, 21 Recent initiatives in the U.K. and U.S.
increasingly emphasize use of patient-reported outcomes.22, 23 However, patient-reported
outcome measures have not been used as frequently after stroke, likely because common
post-stroke deficits could potentially confound accurate scoring on these measures (e.g.
aphasia, neglect, cognitive change, depression). The two patient-reported outcome measures
used herein were the hand domain of the Stroke Impact Scale (SIS), which measures
difficulty of hand use24 and the Motor Activity Log (MAL), which assesses the amount of
affected arm use.25 While both the SIS and MAL have been shown to be reliable and
valid24, 26, 27, it is currently not known whether these measures provide additional
information beyond the mRS and the NIHSS for assessing UE outcome after stroke. In the
current analysis, the content of the SIS and MAL was characterized, then the distribution of
SIS and MAL scores was examined among patients with minimal or no disability (NIHSS
and mRS scores of 0-1). Secondary analyses examined SIS and MAL scores among patients
with no disability or neurological deficits (NIHSS and mRS scores of 0), and among patients
with no UE motor impairment, as determined by a normal score on the FM scale.

Methods
The current report is for consecutive patients who were seen at a university hospital over a
30 month period and who were screened for a number of different clinical trials. The current
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analysis consists of patients with a radiologically confirmed ischemic stroke that produced
UE motor deficits; and whose exam showed alert state (NIHSS questions 1a-c score all = 0),
absent or mild aphasia (NIHSS question 9 score = 0-1), and absent or mild neglect (NIHSS
question 11 score = 0-1). Patients gave consent in accordance with Institutional Review
Board approval.

Each patient underwent a one hour assessment that included a standard neurological exam,
assessment of handedness28 and arm tone29, and completion of the mRS30, NIHSS31, UE
FM motor scale32, and Purdue pegboard test33. The mRS is a global measure of activity/
disability after stroke, ranging from 0 to 6, with lower scores indicating less disability. The
NIHSS is a global measure of impairment and body structure/function, ranging from 0 to 42,
with lower scores indicating less impairment. The UE FM motor scale is a measure of UE
motor impairment, ranging from 0 to 66, with higher scores indicating less impairment.
Purdue pegboard testing measured the number of pegs placed during a 30-second trial,
separately for each hand, with higher values indicating less impairment.

In addition, two patient-reported measures of UE motor status were obtained. First, the hand
function domain of the SIS24 was completed. The hand domain documents an individual's
perception of difficulty of hand motor usage across five questions, each scored from 1 to 5
with a higher score indicating less difficulty (see Supplemental materials), with the final SIS
score calculated as the mean of these five questions. Next, the amount of use portion of the
MAL25 was completed. Of 30 available questions, the 10 most pertinent to distal upper
extremity function were selected. This scale records amount of hand motor usage, each
scored from 0 to 5, with a higher score indicating greater arm usage (see Supplemental
materials), with the final MAL score calculated as the mean of these 10 questions.

For both of the patient-reported outcome measures (SIS, MAL), the relationship with
standard scales (mRS, NIHSS, FM, and Purdue pegboard) was measured using non-
parametric statistical methods (Spearman's r). Alpha was set at 0.05, and was reduced to
0.0125 when correcting for multiple comparisons. To address the main study hypothesis, the
distribution of SIS and MAL scores was examined among subjects with minimal or no
disability (score of 0-1 on NIHSS or on mRS).5 To address secondary hypotheses related to
ceiling effects among standard scales, this analysis was repeated among subjects with no
neurological deficits (score of 0 on NIHSS), no disability (score of 0 on mRS), or no arm
motor impairment (score of 66 on the FM scale).

Results
Of the 43 participants, 22 presented with left-sided motor symptoms and 21 with right-sided
symptoms. Gender was 24 male and 19 female. Median time post-stroke was 118 days
(range 5 days-9.4 years). Arm tone was normal in 23 patients and increased in 20 patients.
Based on NIHSS subscores, 13 patients had mild sensory deficits, 4 had mild aphasia, and 6
had mild hemineglect. All patients were right-handed except for three who were
ambidextrous and one who was left-handed.

Stroke severity was mild to moderate. Median mRS score was 2 (range 0-4) and median
NIHSS score was 2 (range 0-13, Table 1). Participants had moderate motor impairment (UE
FM score mean ± SD: 46 ± 22, range 8-66) and deficits in paretic hand dexterity (the mean
number of pegs moved by the stroke-affected hand on the Purdue pegboard test was 45% of
the opposite hand, see Table 1). Patients reported substantial difficulty with, and decreased
use of, the affected UE (Table 1): the mean SIS score (2.6 ± 1.7) reflected “somewhat” to
“very difficult” paretic hand use, and the mean MAL score (2.4 ± 2.2) indicated that paretic
arm use was “rarely” to “half as much” as prior to stroke.34
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Both the SIS and the MAL correlated strongly with scores on standard scales (Table 2). For
example, the MAL score had a correlation coefficient ≥ 0.9 in relation to the mRS, UE FM
motor score, and Purdue pegboard performance with the stroke-affected hand. SIS and MAL
scores did not correlate with age but had a moderate correlation with time post-stroke. Note
that SIS scores were strongly correlated with MAL scores (r=.97, p<.0001).

Both of the patient-reported outcome measures were sensitive to the presence of arm motor
deficits in individuals classified as having minimal or no disability (Figure 1 and Table 3).
Of 21 patients classified as having minimal or no impairment or disability by the NIHSS or
mRS, 15 (71%) reported either difficulty with hand movements as defined by an abnormal
SIS score (<5) or reduced use of the stroke-affected arm as defined by an abnormal MAL
score (<5). For example, of the 18 patients with NIHSS score 0 or 1, 14 reported difficulty
with hand movements, and 8 reported reduced use of the stroke-affected arm. In patients
with minimal or no impairment or disability by the NIHSS or mRS, time post-stroke did not
correlate with mean MAL (r=-0.179, p=0.477) or with mean hand SIS (r=-0.028, p=0.912).

Furthermore, SIS and MAL were sensitive to the presence of arm motor deficits in patients
classified by standard scales as having no neurological deficits or disability. Overall, of the
14 patients who had either a normal NIHSS score, normal mRS score, or normal FM score,
10 (71%) reported difficulty with hand movements as defined by an abnormal SIS score
(<5) or reduced use of the stroke-affected arm as defined by an abnormal MAL score (<5).
For example, 11 patients had an NIHSS score of 0. Of these, 8 (73%) reported difficulty
with hand movements as defined by an abnormal SIS score and 3 (27%) had reduced use of
the stroke-affected arm as defined by an abnormal MAL score. Only four patients had a
mRS score of 0, limiting interpretation of this analysis. One might expect that a scale
specifically focused on UE impairment would have high sensitivity to difficulty and amount
of hand use. However, of 11 patients with a normal arm motor exam (FM score=66), 7
(64%) reported difficulty with hand movements and 3 (27%) reported reduced arm use,
suggesting a similar ceiling effect for the FM scale (Figure 2 and Table 3).

It has been proposed that measures of hand dexterity may provide additional insight into
stroke-related deficits beyond the mRS35, and so this was explored in the current study using
the Purdue pegboard test as a measure of dexterity. Overall, the Purdue pegboard test was
sensitive to arm motor deficits, but less so than the SIS. For individuals with an NIHSS
score of 0 or 1, 53% demonstrated deficits on the Purdue pegboard test (ratio of affected
hand/opposite hand <0.9) compared with 78% who reported deficits on the SIS. Similar
results were seen with mRS, where 38% of the 16 individuals with an mRS score of 0 or 1
demonstrated deficits on the Purdue pegboard test versus 63% who showed an abnormal SIS
score.

A floor effect was present in 14 (33%) of the 42 patients. Specifically, the lowest SIS score
of 1 was present in 13 (30%), while the lowest MAL score of 0 was present in 14 (33%). For
these 14, median NIHSS score was 6, median mRS was 4, and mean UE FM was 17 ± 11.

Discussion
This study hypothesized that two patient-reported measures would provide additional
insights into clinical status beyond what is provided by the NIHSS and mRS. The current
findings support the hypothesis, with the SIS and MAL each describing symptoms in a
majority of patients classified by the NIHSS and mRS as having minimal or no impairment
or disability, indeed in a majority of patients having a normal exam. The same effect was
seen with the UE FM. A majority of patients with no measurable UE motor impairment
continued to report difficulty with hand movements. Objective testing with the Purdue
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pegboard test also demonstrated persistent hand impairment in individuals with minimal or
no impairment or disability on the NIHSS and mRS, similar to a previous report35, but the
SIS was consistently more sensitive. Given the increased appreciation that mild deficits after
stroke have an important effect on patient function7, 8, the current results suggest that
patient-reported measures such as SIS and MAL are a unique source of insights for
assessing effects of stroke in this population.

The SIS and the MAL each correlated with a number of objective measures, confirming
prior reports regarding the validity of these two scales.24, 26 The strong correlation that SIS
and MAL had with each other suggests a high degree of overlap between perceived
difficulty and amount of UE use after stroke. Among those individuals with little to no
abnormality on objective measures, the SIS score identified abnormalities in the majority,
but MAL in a minority, of cases (Table 3). This constellation of findings suggests that
among individuals with mild deficits after stroke, the amount of affected UE use remains
relatively good even though perceived difficulty persists.

The NIHSS, mRS, and FM scale each demonstrated a ceiling effect that was addressed by
the patient-reported measures. Thus, patient-reported measures provided evidence of
ongoing problems with UE function in a majority (68%) of participants characterized by
standard scales as having minimal or no disability. This was also true of participants who
had a normal exam, where the SIS or MAL provided evidence for persistent symptoms in
71% of patients. Using an assessment that accurately measures deficits is central to
understanding disease as well as to characterizing effects of a prescribed or investigational
intervention.36 The current results suggest that, at least in the population studied, inclusion
of patient-reported outcome measures may be important to most accurately capture
treatment effects in clinical trials, which is concordant with a recent report from the United
States Food and Drug Administration that highlighted the role of such measures.37 Patient-
reported outcome measures have been used to screen, monitor progress, and to facilitate
patient-centered care. They can improve communication and thereby improve compliance.21

However, patient-reported outcomes such as the MAL and SIS are by nature subjective, and
the validity of such measures continues to be debated.38 Additionally, these measures have
not been widely adopted in stroke studies in part because common sequelae of stroke such as
aphasia and neglect can confound self-reported assessments. Major challenges exist for
broader implementation of patient-reported assessments after stroke, such as implementation
during acute hospitalization when fatigue is significant, or in the presence of severe
cognitive or communication deficits.20

The two patient-reported outcomes demonstrated a floor effect among participants with a
more severe stroke, however. Thus the lowest MAL score, indicating that the affected arm
was not used for any activity, was present in one third of participants, among whom median
mRS score was 4, consistent with moderately severe disability, and among whom mean FM
score was 17, consistent with severe arm motor deficits. These findings suggest that, at this
more severe end of the stroke spectrum, patient-reported measures of difficulty and amount
of UE use may provide little additional information.

The difficulty with performance of skilled tasks with the paretic hand reported by
individuals with little or no impairments may reflect deficits in more qualitative or cognitive
aspects of motor control. Previous studies have reported deficits in skilled performance of
some tasks in individuals considered to have minimal to no persistent motor deficits.39, 40

These deficits generally emerge when sensitive measures of task performance are used such
as reach kinematics or force profiles, but such measures require equipment not always
available in a clinical environment. Self-report measures may provide a more practical way
to gain insight into deficits with high sensitivity when such equipment is not available.
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Another possible contributor to the reported difficulty with UE skilled task performance in
the setting of minimal impairment might be abnormalities of attention, as successful
performance of such movements requires greater attention after stroke.41, 42 The allocation
of greater attentional resources to motor task performance after stroke may prevent an
individual from directing attention to other simultaneous tasks41 and thereby result in a
perception of overall greater task difficulty. Voluntary motor control arises from the
interaction of a number of cognitive and perceptual brain circuits43, and likely a
combination of factors influences each subject's perception of difficulty of arm movement.

A strength of the current study is that results were present across a wide range of times post-
stroke. A limitation of the study is that deficits were overall mild to moderate, and
individuals with substantial aphasia or neglect were excluded, and so the extent to which
current results generalize to the broader stroke population remains uncertain. Potentially,
such patients could be studied in future studies by use of proxy raters.44 Also, the current
study employed a cross-sectional design, and a longitudinal study would be useful to better
understand the extent to which patient-reported assessments provide unique information into
the process of behavioral recovery. Sensory function may play an important role in one's
perception of arm function after stroke. The current study did not include a sufficient
number of individuals with sensory deficits among the mildly impaired cohort (only 3 out of
16 participants with a mRS score of 0 or 1 had mild sensory deficits) to determine the role of
sensation in the relationships reported. Finally, depression was not measured but could be an
important covariate. Nonetheless, the current results suggest that including patient-reported
outcome measures may be important to deriving the most complete understanding of motor
deficits after stroke, at least among patients with milder stroke.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. A range of arm symptoms is present among participants classified as having minimal
or no impairment
Relationship between the NIHSS and (A) the Stroke Impact Scale (SIS) hand domain,
reflecting difficulty of hand use, and (B) the Motor Activity Log (MAL) amount of arm use.
The bracket indicates patients with an NIHSS score of 0-1, i.e., minimal or no neurologic
impairment5, among whom a range of SIS and MAL scores are present.
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Figure 2. A range of arm symptoms is present among participants classified as having no arm
motor impairment
Relationship between UE FM motor score and (A) the SIS, and (B) the MAL. The arrow
indicates patients with no motor impairment, i.e., a normal UE FM score of 66, among
whom a range of SIS and MAL scores are present.
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Table 1

Participant characteristics

Measure Mean Range Normal value

Time post-stroke (days) 301 ± 594 5-3441

Age (years) 60 ± 14 29-91

Deltoid strength, affected side (MRC scale) 3.8 ± 1.9 0-5 5

Hand interossei strength, affected side (MRC scale) 3.0 ± 2.2 0-5 5

Tibialis anterior strength, affected side (MRC scale) 3.7 ± 2.0 0-5 5

NIHSS score 2 0-13 0

Fugl-Meyer arm motor score 46 ± 22 8-66 66

Purdue pegboard, # pegs, stroke-affected hand 5 ± 6 0-18 14

    opposite hand 10 ± 4 1-17 14

    ratio (affected/opposite) 0.45 ± 0.45 0-1.3
0.95

*

Modified Rankin score 2 0-4 0

SIS score 2.6 ± 1.7 1-5 5

MAL score 2.4 ± 2.2 0-5 5

Values are mean ± SD, except for NIHSS and mRS, which are median.

*
In 60 year-olds, non-dominant hand performance normally within 5% of dominant hand.34 Normal Purdue pegboard values are from Spreen and

Strauss.34
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Table 2

Correlations between patient-reported assessments and objective measures

Self-assessment scale Correlates with r p

Stroke Impact Scale Modified Rankin score -0.92 <.0001

NIHSS score -0.85 <.0001

Fugl-Meyer arm motor score 0.89 <.0001

Purdue pegboard

    stroke-affected hand 0.90 <.0001

    opposite hand 0.40 0.008

    ratio (affected/opposite) 0.90 <.0001

Age (years) -0.05 0.76

Time post-stroke 0.38 0.01

Motor Activity Log Modified Rankin score -0.91 <.0001

NIHSS score -0.87 <.0001

Fugl-Meyer arm motor score 0.91 <.0001

Purdue pegboard

    stroke-affected hand 0.90 <.0001

    opposite hand 0.37 0.02

    ratio (affected/opposite) 0.89 <.0001

Age (years) -0.03 0.8

Time post-stroke 0.35 0.02
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