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Abstract

Objectives—The primary purpose of this study was to determine if acceleration metrics derived 

from monitoring outside of treatment are responsive to change in upper extremity (UE) function. 

The secondary purposes were two-fold: The first was to compare metric values during task-

specific training and while in the free-living environment. The second was to establish metric 

associations with an in-clinic measure of movement capabilities.

Design—Before-After Observational Study

Setting—Inpatient Hospital (primary purpose); Outpatient Hospital (secondary purpose)

Participants—Individuals (n=8) with UE hemiparesis < 30 days post stroke (primary purpose); 

Individuals (n=27) with UE hemiparesis ≥ 6 months post stroke (secondary purpose).

Methods—The inpatient sample was evaluated for UE movement capabilities and monitored 

with wrist-worn accelerometers for 22 hours outside of treatment before and after multiple 

sessions of task-specific training. The outpatient sample was evaluated for UE movement 

capabilities and monitored during a single session of task-specific training and the subsequent 22 

hours outside of clinical settings.

Main Outcome Measures—Action Research Arm Test and acceleration metrics quantified 

from accelerometer recordings.

Results—Five metrics improved in the inpatient sample, along with UE function as measured on 

the ARAT: use ratio, magnitude ratio, variation ratio, median paretic UE acceleration magnitude, 

and paretic UE acceleration variability. Metric values were greater during task-specific training 

than in the free-living environment, and each metric was strongly associated with ARAT score.
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Conclusions—Multiple metrics that characterize different aspects of UE movement are 

responsive to change in function. Metric values are different during training than in the free-living 

environment, providing further evidence that what the paretic UE does in the clinic may not 

generalize to what it does in everyday life.

Keywords

Stroke; Paresis; Rehabilitation; Accelerometry; Neurology

Upper extremity (UE) hemiparesis following stroke is one of the leading causes of disability 

with only a small percentage of survivors recovering sufficiently to engage in their 

professional and private lives as they did before stroke onset.1–3 At the present time, 

however, there is a limited ability to objectively evaluate UE function in the free-living 

environment (i.e., outside of clinical settings). This is problematic because a major purpose 

of rehabilitation and the associated healthcare costs is to enhance everyday function and 

independent living. Furthermore, it is routinely assumed that improvements observed in the 

clinic generalize to the free-living environment, but there is evidence to suggest that this 

assumption may not always hold true.4

Body-worn sensors, such as accelerometers, non-invasively measure movement production 

outside of clinical settings. The lack of a discernible difference in signals resulting from 

task-specific (e.g., reaching or grasping) and non task-specific UE movement (e.g., arm 

swing during gait) limits what can be understood regarding qualitative aspects of UE motor 

behavior. To overcome this limitation, some recent approaches have incorporated machine 

learning,5 spectral analysis,6 and other techniques7 to probe task-specific UE behaviors. 

Progress has been limited, however, due to the considerable intra- and inter-individual 

variability in human movement.8,9 Diminishing time available for the delivery of 

rehabilitation services10 also limits the practicality of working with sophisticated data sets in 

clinical practice.

Another previously used methodology involves transforming the signals recorded in the 

free-living environment into metrics that correlate with clinical scales of UE function. For 

example, the absolute duration of paretic UE movement11 and the ratio of movement 

between paretic and non-paretic UEs12,13 correlate with commonly used clinical 

assessments of UE function. The advantage of this approach is that the metrics are readily 

quantifiable and derived from wireless devices that are minimally invasive. Existing metrics 

pertain solely to the duration of paretic UE movement during the monitoring period. It is 

possible that other movement characteristics can be captured using these devices, providing 

greater insight into UE motor behavior in the free-living environment. A deeper 

understanding of what patients do in their everyday lives may afford clinicians a means to 

objectively evaluate function, set benchmarks for treatment, as well as develop and adapt 

rehabilitation protocols on an individual basis.

To this end, recent work has established the convergent validity of metrics that capture 

different aspects of how UE movement occurs during task-specific behaviors.14 Whether 

these metrics are responsive to change in UE function outside of treatment settings is not 

known. It is also not understood how metric values during motor retraining compare with 

Urbin et al. Page 2

Arch Phys Med Rehabil. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



values captured while in the free-living environment. Thus, the primary purpose of the 

current study was to further examine the validity of these metrics by assessing their 

responsiveness to change in UE function. The secondary purposes were two-fold: The first 

was to compare metric values during task-specific training and while in the free-living 

environment. The second was to establish metric associations with a widely used clinical 

scale of UE function. Based on previous findings,14 it was hypothesized that ratio and 

paretic UE metrics, particularly those related to acceleration variability, would be responsive 

to changes in UE function following treatment and exhibit a strong association with ARAT 

score. It was also hypothesized that metric values would be higher during task-specific 

training than in the free-living environment.

Methods

Participants

To determine responsiveness to change in UE function, metric values were derived from 

monitoring outside of treatment at a pre-test and post-test that took place before and after 

multiple sessions of high-repetition, task-specific training in an inpatient sample (≤ 30 days 

post stroke, n=8). The outpatient sample (≥ 6 months post stroke, n=27) was recruited as 

part of an ongoing clinical trial (NCT 01146379). Participants in this sample were monitored 

during a single training session and in the free-living environment to compare metric values 

in both contexts and establish metric associations with ARAT score. Inclusion and exclusion 

criteria for each sample are shown in Table 1. All participants provided informed consent 

according to procedures approved by the Institutional Review Boards at Northwestern 

University (inpatient sample) and Washington University (outpatient sample).

Procedure

Participants in both samples engaged in individualized, task-specific training according to a 

previously established protocol.15,16 Tasks used for training were identified by participants 

as being meaningful to them and requiring improvement to enhance their independence and 

performance in daily living. Inpatient and outpatient participants completed an average of 13 

and 28 sessions, respectively. All participants were monitored via wireless devices 

containing a tri-axial, solid-state digital accelerometera (dimensions: 4.6cm × 3.3cm × 1.5 

cm, weight: 19 grams, range: +/−8 g) strapped to the dorsal side of both wrists just proximal 

to the radial and ulnar styloid. Inpatient participants were monitored for 22 hours following 

the pre-test and post-test. The outpatient sample was monitored during the 24th training 

session and subsequent 22 hours. The 24th treatment session was chosen because 

participants were familiar with procedures and accustomed to wearing the devices at this 

point in the overall trial. All participants reported that the monitoring period was 

representative of a typical day. Paretic UE function was evaluated before and after the 

intervention for the inpatient sample and just prior to the 24th training session for the 

outpatient sample. UE function was evaluated with the ARAT, a test consisting of 19 items 

divided into four subscales: grasp, grip, pinch, and gross movement. The ARAT was chosen 

because this clinical assessment is a valid and reliable test of UE function,17–19 sensitive to 

change in function following stroke,18–22 and widely used in clinical trials.23,24 The intra- 

and inter-rater reliability of the ARAT is established.25 Moreover, the ARAT is strongly 
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correlated with other accepted measures of UE function.26,27 Blinded raters evaluated UE 

function for the outpatient sample; a separate rater that was not blinded performed 

evaluations for the inpatient sample.

Data Processing

Accelerations were sampled at 30 Hz in all three cardinal planes. Due to manufacturer 

specifications, accelerations registered as activity counts (0.016318 m/s2 per count) and 

were binned into 1-second epochs. Accelerations resulting from non task-specific UE 

movement (e.g., arm swing during gait) are included in recordings, but previous work has 

demonstrated that walking time has a negligible influence on the overall amount of activity 

recorded during monitoring.12 Accelerations in each plane were smoothed using a five-

second running average and combined into a single value for each UE by summing the 

squares of the accelerations in each plane and taking the square root of the resulting value (= 

√(x2 + y2 + z2). Custom software was written in MATLAB (Mathworks, Inc. R2012a, 

Natick, MA) to calculate multiple metrics.14 These metrics were calculated for inpatient and 

outpatient samples as well as a group of neurologically-intact controls (unpublished data). 

Distributions of metric values were examined in all groups. Metrics that displayed minimal 

overlap with the control sample were selected for analysis. These metrics were classified 

into three categories: 1) ratio of movement characteristics between paretic and non-paretic 

UEs; 2) paretic UE movements; and 3) movements characteristics of both UEs combined. 

Definitions of the selected metrics and the formulae used to calculate them are presented in 

Table 2.

Statistical Analyses

In the inpatient sample, paired-samples t-tests were used to test for differences in ARAT 

score and acceleration metrics before and after the intervention. Effect sizes (d), using the 

single sample method, were calculated to evaluate responsiveness to change.28 The metrics 

that were responsive to change in function in the inpatient sample were examined further in 

the outpatient sample. Repeated-measures multivariate analysis of variance (MANOVA) 

was used to test for differences between the metrics in task-specific training and in the free-

living environment because of collinearity among metrics. Spearman correlations were then 

used to determine the strength of associations between ARAT taken in clinic and the metrics 

quantified from the free-living environment in the outpatient sample. Spearman correlations 

were chosen because the ARAT is scored on an ordinal scale.29 Based on sample size, 

correlation coefficients greater than 0.48 were significant at the p < 0.01 level. The 

magnitude of the correlation coefficient was considered strong at 0.60 or greater.30 All 

statistical procedures were conducted using SPSS version 20 (IBM Statistics), and alpha 

level was set at 0.05 a priori.

Results

Participant demographics for both samples are shown in Table 3. Both samples consisted of 

mostly male, middle-aged adults approximately half of which had mild-to-moderate paresis 

on their dominant side. The percentage of the 22-hour monitoring period that the UEs were 

active was similar in both samples (inpatient pre-test = 37 ± 12%, inpatient post-test = 41 ± 
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11%, outpatient = 42 ± 12%) and is comparable to self-reported activity in neurologically 

intact adults (~51%).31 Minimal disparity in activity between individuals with and without 

UE impairment reinforces the importance of examining metrics that characterize how 

movement happens and not only how often movement happens. Inpatient and outpatient 

samples were also similar in the percentage of the monitoring period that the paretic UE was 

active (inpatient pre-test = 19 ± 9%, inpatient post-test = 27 ± 9%, outpatient = 27 ± 12%).

Inpatient Sample: Responsiveness to Change

UE function, as measured on the ARAT, improved significantly in the inpatient sample ( 

pre = 23.4,  post = 36.4, t(7) = −4.91, p < .01). Five acceleration metrics also improved 

significantly: 1) use ratio (t(7) = −4.8, p < .01, d = 1.7); 2); 2) magnitude ratio (t(7) = −3.3, p 

= .01, d = 1.2); 3) variation ratio ( , p = .03, d = 1.0); 4) median paretic UE 

acceleration magnitude (t(7) = −2.8, p = .03, d = 1.0); 5) paretic UE acceleration variability 

(t(7) = −2.7, p = .03, d = 1.0). The values for all metrics at the pre-test and post-test are 

shown in Table 4.

Outpatient Sample: Metric Values in Task-Specific Training and the Free-Living 
Environment

In the outpatient sample, all five metric values were significantly higher during task-specific 

training than in the free-living environment (F5, 22 = 22.95, p < .001, η2 = .839): 1) use ratio 

(p < .001, Figure 1A); 2) magnitude ratio (p = .001, Figure 1B); 3) variation ratio (p < .001, 

Figure 1C); 4) median paretic UE acceleration magnitude (p < .001, Figure 1D); 5) paretic 

UE acceleration variability (p < .001, Figure 1E).

Spearman correlations between ARAT score measured in clinic and the metrics quantified 

from the free-living environment were strong: 1) use ratio (ρ = .79, p < .001, Figure 2A); 2) 

magnitude ratio (ρ = .83, p <.001, Figure 2B); 3) variation ratio (ρ = .85, p < .001, Figure 

2C); 4) median paretic UE acceleration magnitude (ρ = .75, p < .001, Figure 2D); 5) paretic 

UE acceleration variability (ρ = .73, p < .001, Figure 2E).

Discussion

The primary purpose of this study was to examine the responsiveness of acceleration 

metrics, quantified outside of treatment, to change in UE function. The secondary purposes 

were to compare metric values during task-specific training and the free-living environment, 

as well as establish the relationship between an in-clinic measure of movement capabilities 

and what the paretic UE actually does in the free-living environment. Findings of the current 

study demonstrate that multiple acceleration metrics are responsive to change in UE 

function. These same metrics are driven significantly higher by task-specific training and are 

strongly associated with an in-clinic measure of movement capabilities.

Five metrics were found to be responsive to improvements in function in the inpatient 

sample. As hypothesized, all three ratio metrics increased after treatment. Thus, better 

function is achieved when movement characteristics of the paretic UE more closely 

approximate or surpass characteristics of the non-paretic UE. Since most UE movement is 

bilateral in neurologically-intact individuals,31 recovery can be inferred when the paretic UE 
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plays a more active role in UE movement. Stated another way, the paretic UE not only 

becomes more involved (i.e., use ratio), but its movement becomes more intense (i.e., 

magnitude ratio) and dynamic (i.e., variation ratio). The use ratio is the only metric that has 

been examined before in persons within 30 days of stroke, and average values in the current 

study were less than previously reported estimates (i.e., 0.66)32,33 at the pre-test but greater 

at the post-test. The median magnitude and variability of the paretic UE acceleration, 

irrespective of the non-paretic UE acceleration, were also responsive to changes in UE 

function.

In addition to being responsive to change, metric values are also driven significantly higher 

in task-specific training. An initial study involving this same outpatient sample examined the 

stability of the association between metrics and UE function over multiple sessions of task-

specific training.14 Use and magnitude ratios were moderately correlated with ARAT during 

some sessions. Contrary to the strong association based on monitoring from free living 

reported here, the median paretic acceleration magnitude was not correlated with ARAT 

during any session of task-specific training. Taken together, previous findings and results 

reported here indicate that training alters metric values sufficiently to distort the relationship 

between ARAT score with both the amount and intensity of paretic UE movement. By virtue 

of the difference between metric values during training and free living, UE movement 

potential appears to be much greater than previous reports suggest. For example, previous 

estimates of the use ratio in the free-living environment for persons greater than six months 

post stroke are on the order of 0.3 – 0.5.13 This range is considerably lower than the 0.8 – 

2.3 range observed during task-specific training. Thus, task-specific training engages and 

drives paretic UE movement higher.

Findings reported here indicate that there is a strong association between the in-clinic 

measure of movement capabilities and paretic UE movement in the free-living environment. 

As stated above, differences between the in-clinic and free-living associations likely reflects 

that training engaged the paretic UE in excess of what it does in the free-living environment, 

thus, altering the relationship between ARAT score and metric values. Despite the divergent 

relationship between ARAT and these specific metrics, both the variation ratio and paretic 

UE acceleration variability had moderate-to-strong associations that were stable over 

multiple sessions of task-specific training.14 Acceleration variability metrics, therefore, are 

robust indicators of UE function, irrespective of the context in which monitoring takes place.

Practical applications exist for the results of the current study. Specifically, these findings 

invite the possibility that an algorithm can be developed to provide feedback about UE 

function outside of clinical settings during everyday life. A means to access this information 

would offer clinicians a practical yet objective method for determining whether a patient is 

responding to treatment. If data transmission and reduction were automated, then 

biofeedback could be provided to the patient and caregiver, potentially minimizing the 

incidence of learned non-use.34 Given the disparity between metric values during training 

and in the free-living environment, providing this feedback may prompt individuals to 

achieve more of their true movement potential. Such a device is currently in development 

but is limited to feedback regarding the duration of paretic UE use.35,36 Given that four 

other metrics were responsive to change in UE function, and each characterizes different 
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aspects of movement, the combination of metrics may provide more information than any 

individual metric. Indeed, specific combinations of metrics might be individually-tailored 

such that feedback while in the free-living environment focuses on one or two at a time. 

Additionally, because metric values appear to be pliant, clinicians may be able to adapt 

training to promote specific aspects of paretic UE movement (e.g., intensity or variability). 

Despite differences in the qualitative aspects of movement each metric characterizes, 

relationships between metrics indicate there may be partial redundancy across them.

An algorithm that can account for different movement characteristics may also have utility 

in clinical trials investigating the effects of novel treatment strategies. Many of the clinical 

assessments used to evaluate outcomes, including the ARAT, are scored on ordinal scales. 

Though ordinal scales structure observation criteria in a way that allows quick test 

administration, the metrics examined here are scored on a continuous scale, possibly making 

them more sensitive to movement restoration. Eliminating the need to administer 

assessments in clinical practice may also prove valuable given the limited time available for 

treatment.

Study Limitations

Two major limitations of the current study should be taken into consideration when 

interpreting the results. First, sample sizes were small. Data collected from nearly half of the 

participants in the inpatient sample could not be used because of miscommunication with the 

hospital staff. In short, devices were removed for showering and then reapplied to the 

incorrect extremity or not at all. Similar issues were encountered with participants in the 

outpatient sample. Sample size aside, addressing both purposes in one sample would allow 

more definitive conclusions to be reached. Nevertheless, large effect sizes were observed for 

all metrics exhibiting a change from pre- to post-testing. Thus, it does not appear that the 

findings reported here are based on spurious data. Future work should quantify these metrics 

from a larger sample to identify normative values/ranges with the goal of establishing 

thresholds for normal and pathological function.

A second limitation is that individuals were monitored for only 22 hours which may not be 

entirely representative of typical paretic UE movement outside of clinical settings. While 

longer recordings make it more likely that the recorded movements are more representative, 

this time period was most practical with our patient population. Similar time periods have 

been used in other studies7,37 and shown to be reliable.31 Future work should attempt to 

identify the shortest monitoring period necessary to adequately capture what an individual 

actually does in free living.

Conclusions

In conclusion, metrics quantified outside of treatment that characterize different aspects of 

movement are responsive to change in UE function. Task-specific training drives paretic UE 

movement significantly higher than that which occurs in the free-living environment, and 

the metrics have a strong association with an in-clinic measure of movement capabilities. 

These findings further support the notion that functional improvements observed in the 

clinic do not always translate to the free-living environment,4 which is where rehabilitation 
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is intended to exert its effects. Quantifying the metrics inside and outside of clinical settings 

provides a means to detect this disparity. The findings reported here have the potential to 

inform and aid clinical practice in restoring UE function in the everyday lives of stroke 

survivors.
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Figure 1. 
Difference in ratio and paretic UE metric values during task-specific training (TST) and in 

the free-living environment (FLE) (* p < .001). Group means and standard deviations for: 

A) use ratio; B) magnitude ratio; C) variation ratio; D) median paretic acceleration 

magnitude; E) paretic acceleration variability.
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Figure 2. 
Scatterplots with line of best fit for ARAT score and metrics quantified from free-living 

environment in the outpatient sample: A) use ratio, ρ = .79; B) magnitude ratio, ρ = .83; C) 

variation ratio, ρ = .85; D) median paretic acceleration magnitude, ρ = .75; E) paretic 

acceleration variability, ρ = .73.
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Table 1

Inclusion and exclusion criteria for inpatient and outpatient samples.

Inclusion Criteria Inpatient Outpatient

Motricity Index score of 42–93. X

Action Research Arm Test score of 10–49. X

Diagnosis of ischemic or hemorrhagic stroke with residual UE paresis, as determined by a stroke neurologist. X X

Sufficient cognitive function to follow commands, as indicated by a score of 0–1 on the NIHSS. X X

≥ 18 years of age. X X

Exclusion Criteria Inpatient Outpatient

Severe hemispatial neglect, as indicated by a score of 2 on the NIHSS Extinction and Inattention subtest. X

Psychiatric diagnosis. X

Other neurological diagnoses. X

History of neurosurgical intervention. X

Currently pregnant. X X

History of stroke > 1 week prior to the current index stroke affecting the same side of the body. X
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Table 2

Description and formulae used to calculate acceleration metrics.

Combined Acceleration: prior to quantifying individual metrics, epochs where no acceleration occurred in both UEs were removed. Thus, 
metrics characterize how movement occurs, not how often movement occurs, and are uninfluenced by inactivity. Next, the accelerations in each 
cardinal plane (x, y, z) were combined into a single value that is calculated as follows:

= x 2 + y 2 + z 2

Ratio Acceleration Metrics: these metrics reflect movement characteristics of the paretic UE normalized to the non-paretic UE. Normalization 
of movement characteristics between UEs is relevant because most goal-directed UE behavior involves both UEs. Higher ratio values indicate 
that paretic UE movement characteristics more closely approximate or surpass those of the non-paretic UE during the monitoring period.
Use Ratio: percentage of time the paretic UE is active relative to the total duration of time the non-paretic UE is active. The threshold for an UE 
to be considered active was ≥ 0.02 m/s2.14 Values near 1.0 indicate that both UEs are active for the same amount of time during the monitoring 
period. Values less than 1.0 indicate the paretic UE is active for a lesser duration of time than the non-paretic UE. The inverse is indicated when 
values are greater than 1.0. Use ratios are in the 0.3 – 0.5 range in persons with stroke and 0.8 – 1.0 in controls (i.e., non-dominant/dominant) 
during monitoring in free living.

= ∑i=1
n

( # of epochsi ≥ 0.02m / s 2
(paretic))

∑i=1
n

( # of epochsi ≥ 0.02m / s 2
(non−paretic))

Magnitude Ratio: magnitude of the paretic UE acceleration relative to the magnitude of the non-paretic UE acceleration. The magnitude ratio 
reflects movement intensity. Values near 1.0 indicate that the extent of both UE’s acceleration is equal. Values less than 1.0 indicate that the 
extent of the paretic UE’s acceleration is less than that of the non-paretic UE. The inverse is indicated when values are greater than 1.0. The 
magnitude ratio is quantified on a second-to-second basis, and the median value over the entire monitoring value is reported.

= ∑
i=1

n
(epoch valueiparetic

+ epoch valueinon−paretic
)

= x
~

(paretic acceleration)
(paretic acceleration)

Variation Ratio: variability of the paretic UE acceleration relative to variability of the non-paretic UE acceleration. Acceleration variability can 
be conceptualized quantitatively as the distance of each acceleration from the average acceleration over the monitoring period. The variation 
ratio, therefore, reflects the dynamic nature of movement. Values near 1.0 indicate that the paretic UE’s average distance from its mean 
acceleration is equal to the non-paretic UE’s average distance from its mean acceleration. Values less than 1.0 indicate that the paretic UE’s 
average distance from its mean acceleration is less than that of the non-paretic UE. The inverse is indicated when values are greater than 1.0

= σ(paretic acceleration) σ(non−paretic acceleration)

Paretic Acceleration Metrics: these metrics reflect movement characteristics of the paretic UE. The median acceleration is indicative of the 
typical acceleration over the entire monitoring period and is reported because outlier accelerations render the mean less representative of the 
typical acceleration over the monitoring period. Acceleration variability is indicative of the average distance the paretic UE acceleration is from 
the mean acceleration over the monitoring period.

Median

= x
~

(paretic acceleration)

Variability

= σ(paretic acceleration)

Bilateral Acceleration Metrics: these metrics reflect acceleration characteristics of the paretic UE and non-paretic UE combined. UE 
accelerations for individual epochs are summed together before calculating the median and standard deviation over the monitoring period.
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= ∑
i=1

n
(epoch valueiparetic

+ epoch valueinon−paretic
)

Median

= x
~

(bilateral acceleration)

Variability

= σ(bilateral acceleration)

Arch Phys Med Rehabil. Author manuscript; available in PMC 2015 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Urbin et al. Page 16

Table 3

Inpatient and outpatient sample characteristics.

Inpatient (n=8) Outpatient (n=27)

Mean ± SD or n Range or % Mean ± SD or n Range or %

Age (years) 56 ± 10.4 years 34–68 62 ± 9.4 46–81

Gender 6 male 75% 20 male 74%

2 female 25% 7 female 26%

Stroke Type 7 Ischemic 88% 22 Ischemic 82%

1 Hemorrhagic 12% 2 Hemorrhagic 7%

Chronicity 14 ± 6.4 days 7–24 31 ± 47.5 months 6–221

Dominant Side 5 Right 63% 21 Right 78%

3 Left 37% 6 Left 22%

Dominant Side Paretic 2 Right 25% 14 Right 52%

2 Left 25% 3 Left 11%

ARAT Score 23.4 ± 13.2 8–46 33.2 ± 14.2 10–57

Motricity Index Score 64 ± 8.2 53–79 77.9 ± 15 50–100
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Table 4

Pre-test and post-test metric values (Mean ± SD) for the inpatient sample.

Metric Category Pre-Test Post-Test

Ratio

* Use (%) 0.54 ± 0.18 0.86 ± 0.28

* Magnitude (%) 0.24 ± 0.32 0.71 ± 0.65

* Variation (%) 0.60 ± 0.23 0.80 ± 0.22

Paretic

* Median (m/s2) 0.05 ± 0.09 0.23 ± 0.21

* Variability (m/s2) 0.53 ± 0.16 0.72 ± 0.19

Bilateral

Median (m/s2) 1.0 ± 0.2 1.1 ± 0.2

Variability (m/s2) 1.2 ± 0.3 1.3 ± 0.2

*
p < .05
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