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A B S T R A C T

The conventional tools to measure spasticity exhibited insufficient test-retest or inter-rater reliability. Therefore,
the spasticity measurement using an isokinetic device has been proposed to improve these reliabilities of the
angle of catch (AoC) measurements; however, this proposal has not been investigated in a standardized manner.

In this study, the comparison of the AoC measurement was performed using two modes (isokinetic and
manual motion) to investigate whether the standardized isokinetic motion could increase the reliabilities.
Motion consistency was calculated using a newly developed index. To analyze the effect of the motion stan-
dardization, AoC were estimated using EMG data for both modes, and to compare the measurement reliability,
AoC for isokinetic mode was estimated using both EMG and torque data.

Although the test-retest reliability for manual motion was excellent, the use of isokinetic motion improved it
to the level of extremely excellent. Intraclass correlation coefficient (ICC) for the inter-rater reliability of manual
motion was 0.788, which was near the lower limit of the excellent. Isokinetic motion improved it to the ICC of
0.890 and 0.931 based on the EMG and torque, respectively.

These improvements in reliabilities reduced the measurement errors, sample size, and need for the same rater
in clinical trials.

1. Introduction

The prevalence of post-stroke spasticity ranges from 20% to 40%
and is more common in the upper than in the lower limbs (Sommerfeld
et al., 2012). Spasticity can cause secondary complications such as pain,
contractures and muscular imbalance, resulting in reduced health-re-
lated quality of life (Lundström et al., 2008, Sommerfeld et al., 2004).

Several types of treatment can be used for the management of
spasticity including physical therapy, heat or cold application, medi-
cation and chemo-denervation (Bethoux, 2015). To determine the ef-
ficacy of these treatments, accurate quantification of spasticity before
and after intervention is required. The Modified Ashworth scale (MAS)
is the most commonly used measurement tool in clinical research
(Ashford and Turner-Stokes, 2013). However, the inter-rater reliability
of MAS is unacceptable in stroke patients and the grading system re-
presents only a nominal measure of resistance to passive movement (Li
et al., 2014, Mehrholz et al., 2005, Pandyan et al., 1999).

The Modified Tardieu Scale (MTS) was introduced as a more ade-
quate measure of the spasticity (Patrick and Ada, 2006). The Angle of
Catch (AoC), Tardieu’s R1, which is measured clinically by sensing the
catch during a manual fast stretch of a spastic muscle, represents the
velocity-dependent characteristic of spasticity (Boyd and Graham,
1999). However, the MTS also showed limited inter-rater reliability and
it is recommended that the same rater perform the test during the
follow-up period (Ansari et al., 2008, Biering-Sorensen et al., 2006,
Mehrholz et al., 2005). The variability in the MTS between raters can be
explained by three factors: (1) errors from goniometry measurements,
(2) inter-rater variability of assessment motion profile, (3) inter-rater
variability in the sense of catch (van den Noort et al., 2009).

Several studies used objective measurement to overcome the lim-
itation of the conventional tools. Paulis et al. reported that the use of an
inertial sensor can increase the inter-rater reliability of MTS by redu-
cing the errors caused by the angle measurements or variabilities in the
sense of catch (Paulis et al., 2011). However, this method cannot
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Abstract

The conventional tools to measure spasticity exhibited insufficient test-retest or inter-rater reliability.
Therefore, the spasticity measurement using an isokinetic device has been proposed to improve
these reliabilities of the angle of catch (AoC) measurements; however, this proposal has not been
investigated in a standardized manner.

In this study, the comparison of the AoC measurement was performed using two modes (isokinetic
and manual motion) to investigate whether the standardized isokinetic motion could increase the
reliabilities. Motion consistency was calculated using a newly developed index. To analyze the
effect of the motion standardization, AoC were estimated using EMG data for both modes, and to
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standardize the fast passive motion during the assessment between
raters. Previous studies used an isokinetic device to resolve the issue of
variation of motion assessment (Condliffe et al., 2005, Starsky et al.,
2005), without investigating the effect of isokinetic device on inter-
rater reliability of AoC measurement compared with manual motion
under the experimental conditions that standardized the errors from
angle measurements and catch sensing. In addition, although the use of
an isokinetic device to measure mild spasticity may not be useful in a
clinical setting due to the lower levels of reflex activity during iso-
kinetic motion reported in previous studies investigating lower limb
spasticity (Grippo et al., 2011, Rabita et al., 2005), no study has elu-
cidated this phenomenon in mild upper limb spasticity after stroke.

This study was designed to investigate whether the application of an
isokinetic device can increase the test-retest and inter-rater reliabilities
to measure the AoC elicited by the stretch reflex in a mild to moderate
spastic elbow after stroke. We standardized the conditions for AoC
measurements via the stretch reflex using surface electromyography
[EMG] between the isokinetic passive and manual fast motions based
on our system. Therefore, only the effect of standardizing the assess-
ment motion using an isokinetic device between test sessions or raters
on reliabilities was investigated in this study.

2. Methods

2.1. Participants

Patients were recruited from May 2015 to December 2015. These
subjects were inpatients or outpatients with stroke from four re-
habilitation hospitals. The inclusion criteria were as follows: (1)
hemiparesis in the upper extremity caused by stroke, (2) 20 years of age
or older, (3) elbow joint spasticity in the range of MAS 1-2 in the
hemiparetic arm, (4) no previous disease affecting the function of the
hemiparetic arm except for the stroke itself, (5) free of cognitive, lan-
guage, visuospatial, or attention deficits that could prevent the subjects
from following experimental procedures, and (6) free of medical con-
ditions that could cause hemodynamic instability. One psychiatrist af-
filiated with the Department of Rehabilitation Medicine screened the
patients. A total of 17 patients who met the above-mentioned criteria
and provided their written consent were enrolled and used for the final
analysis in this study. This research was approved by the local
Institutional Review Board. It was conducted in accordance with the
regulatory standards of Good Clinical Practice and the Declaration of
Helsinki (World Medical Association Declaration of Helsinki: Ethical
Principles for Medical Research Involving Human Subjects, 2008). The
baseline characteristics of subjects are summarized in Table 1.

2.2. Experimental design

Subjects sat on a chair and the surface EMG electrodes were at-
tached to the biceps brachii muscle in the hemiparetic arm based on a
previous published guideline (Hermens et al., 2000). An EMG instru-
ment (WEMG-8, Laxtha, Daejeon, Korea) was used to measure muscle
activity. Afterwards, a customized isokinetic device was applied to the
subject’s hemiparetic arm. The isokinetic device was a robot with an
elbow containing a single degree of freedom (DOF), which was de-
signed for controlled assessment of motion and measurement of quan-
titative reaction torque simultaneously. Fig. 1 displays the configura-
tion of the experimental setup and the detailed composition of the
isokinetic device is in a supplementary file.

The subject's initial posture was set to the shoulder 90 degrees ab-
ducted, the forearm was in the neutral position, and the elbow was
positioned at 90 degrees in the horizontal plane. The rotation axis of the
robot was aligned to the anatomical axis of the elbow. The forearm was
fastened to the device by using straps.

The whole experiment comprised four steps. The overall experi-
mental procedure is shown in Fig. 2. In the first step, the isokinetic

device extends the elbow passively with 1°/s from the elbow maximal
flexed posture until the resistive torque reached a certain level. The
final angle was used as the maximal boundary range of motion (ROM)
as follows. In the second step, the subject was exposed to a short per-
turbation to measure the total inertial mass of the isokinetic device and
subject. The total inertial mass was calculated from the measured in-
ertia torque. It was used to compensate the inertia force in the following
experiments to extract only the reaction torque generated by stretch
reflex. The third step was the AoC measurement using the isokinetic
device. One rater set up the posture first. The elbow was extended from
a maximal flexed angle with constant velocity of 150°/s by the robot.
Three sets were performed with a 2-minute rest period between the
sets. The final step was the manual AoC measurement by a human rater.
After a 5-minute rest period following the isokinetic AoC measurement,
the same rater extended the subject’s elbow manually, while the subject
was still attached to the robotic device, for three times with a 2-minute
rest period. During this step, the robotic device was used only as a
quantitative measurement tool and controlled to operate as transparent
as possible. Ten minutes after completing the tests by one rater, another
rater set up the experimental posture again and repeated the third and
fourth step as with rater 1. The orders of rater 1 and rater 2 were
randomized. The kinematic (angle, velocity), kinetic (torque) and EMG
data were recorded during both isokinetic and manual measurements.

2.3. Control algorithm

The detailed control algorithms are in a supplementary file.

2.3.1. Isokinetic experiment step
The isokinetic AoC measurement was designed to simulate the ideal

MTS method as closely as possible. The robot implements the isokinetic
motion with a predetermined speed in a given ROM until a reaction
force greater than a certain threshold level is generated.

Table 1
Baseline characteristics of subjects (n=17).

Variable Result

Age, years, mean (SD) 54.6 (12.2)
Gender, n (%)

Men 14 (82.4)
Women 3 (17.6))

Days from stroke onset, median (IQR) 722 (1226)

Hemiplegic side, n (%)
Right 10 (58.8)
Left 7 (41.2)

Stroke type, n (%)
Ischemic 11 (64.7)
Hemorrhagic 6 (35.3)

Stroke lesion, n (%)
Cortical 4 (23.5)
Subcortical 13 (76.5)

Brunnstrom stage, median (IQR)
Arm 4 (1)
Hand 3 (1)
Leg 4 (1)

Muscle Power, median (IQR)
Elbow flexor 4 (1)
Elbow extensor 4 (1)

MAS, elbow flexor, n (%)
1 7 (41.2)
1+ 5 (29.4)
2 5 (29.4)

Values are mean (SD), number (%) or median (interquartile range).
MAS: Modified Ashworth Scale.
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2.3.2. Manual experiment step to measure AoC
The robot was used as a quantitative measurement tool during the

manual experiment, thus the robot should be as transparent as possible
to create the same condition with a conventional MTS measurement.
For this purpose, the isokinetic device was made to be as backdrivable
as possible and friction was compensated using a coulomb plus viscous
friction model (Jang and Luo, 2014).

3. Analysis

3.1. Quantifying the AoC

3.1.1. Isokinetic input experiment data analysis
Two types of data were used to analyze the AoC in the experiments

using the isokinetic device: EMG and torque. Each data was processed
and evaluated on a constant basis to identify the AoC.

3.1.1.1. Quantifying the AoC using EMG data. The EMG data was

collected at 1024 Hz and corrected for DC bias removal and band-
pass filtered from 10 to 450. The raw EMG data were then smoothed
using the route-mean-square (RMS) method and amplified 50 times.

The AoC was selected as the starting point of RMS EMG upsurge.
Generally, the EMG maximum peak point is used as an AoC. However,
the stretch reflex duration and the shape of EMG varied with each
patient, and hence, the use of the EMG maximum peak point as an AoC
was expected to have a low reliability. Therefore, the EMG upsurge
point was selected as the AoC. The AoC selection was performed
manually by a third rater who was blind to the order of raters. In the
selection process, the normalized EMG measuring less than 0.1 was
ignored because it occurred frequently even without a stretch reflex,
and the clear inflection point at the start of the peak was selected as
AoC. Fig. 3 provides an example of processed EMG and AoC quantifi-
cation.

3.1.1.2. Quantifying the AoC using torque data. Torque data was
collected by applying a low-pass filter of 100 Hz during the
experiment. Initially, the isokinetic experiments were designed to
stretch the subject's arm with constant speed until the reaction torque
exceeded a certain threshold value. The threshold value was
determined as a value that can distinguish the transient increase of
the torque through several preliminary experiments. However, because
of the passive property of the muscles, the reaction torque gradually
increased as the angle increased, even though the muscle was not
activated (Pisano et al., 2000). Because of this characteristic, it was
imperfect to distinguish the AoC by using only the absolute value of the
reaction torque. In the case of patients with mild spasticity, there was a
possibility that the stretch reflex already occurred before the threshold
torque and reached the threshold value by passive stiffness of the
muscle. Thus, accurate AoC was determined through additional
analysis.

The AoC using the reaction torque was chosen as the point at which
the slope of the torque linear regression line changed with a bump in
the torque profile. This is because, in the case of a bump, the cause was
considered to be due to the sudden stretch reflex, and the change of the
linear regression line slope was caused by the passive stiffness change
due to the catch. Fig. 4 displays an example of the reaction torque data
during the isokinetic experiment and AoC selection based on the torque
data. This analysis was also performed by a third rater who was blind to
the order of raters.

3.1.2. Manual input experiment data analysis
The catch angle in the manual experiment was analyzed using only

Fig. 1. (a) Configuration of the experimental setup, (b) The detailed view of the robotic part of the isokinetic device.

Fig. 2. Experimental procedure for a single subject.
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Fig. 3. Isokinetic experiment and quantification of AoC based on EMG data.

Fig. 4. Isokinetic experiment and quantification of AoC based on reaction torque.
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the EMG data using the same criteria as the isokinetic experiment.
Fig. 5 exhibits an example of the processed EMG and AoC quantifica-
tions.

The torque data measured in the manual experiment was not a pure
reaction force generated by the subject because it was affected by the
force applied by the rate. Therefore, the AoC analysis using the torque
data was not performed because it was hard to guarantee the reliability
of the resultant AoC.

3.2. Assessment input normalization

The AoC measurements are affected by the input conditions, such as
the assessment speed, and acceleration, and so on. Therefore, quanti-
fication of the assessment input is necessary to evaluate not only the
AoC reliability but also its consistency. However, no indicators that
evaluated the various input factors synthetically have been identified
until now. This study suggests an indicator to evaluate the assessment
input quantitatively.

The two important points for the evaluation of the assessment input
factors include the ideality and the consistency of the input. Previous
studies demonstrated that the stretch reflex was affected not only by the
velocity but also by acceleration. Therefore, pure isokinetic motion that
excludes the influence of the acceleration is ideal to increase the re-
liability of the AoC measurement. In addition, to evaluate the con-
sistency of the measurements, the similarity of the input should be
evaluated. A non-dimensional index derived from the relevant factors
was generally used to evaluate the similarity of the profile shape.
Therefore, in this study, a non-dimensional index is proposed to nor-
malize the input shape and evaluate the ideality and consistency of the
input.

−

→

θ θ
w t s s·Δ

deg
deg/ ·

max min

max (1)

where θmax and θmin are maximum and minimum angles during the

measurement, wmax denotes a maximum assessment speed, and Δt is the
assessment time from the start to the end of the motion (Fig. 6).

The proposed index yields a score close to 1 if the assessment input
is isokinetic, and a score close to 0 if the velocity of the input is in-
consistent. The normalized index was calculated and evaluated for each
trial during the whole experiment. The index value can be used as an
indicator of the consistency of measurement input assigned to the
various subjects over the entire trial.

3.3. Statistical analyses

The data of the AoC that was transferred into a measured and
normalized input during the second and third tests in each isokinetic
and manual experiment were used for statistical analyses. Paired
sample t-tests were used to evaluate the differences between the second
and third tests in each rater or to test the difference in the averages of
second and third tests between two raters. The P-values of less than
0.05 were considered statistically significant. The test-retest and inter-
rater reliabilities of an isokinetic device or manual motion with robotic
device were computed with an intraclass correlation coefficient (ICC).
The AoC and normalized input measured during the second and third
tests were used to calculate the ICC for test-retest reliability, and the
averages of AoC and normalized input from the second and third tests
were used to calculate the ICC for inter-rater reliability. The ICC was
used to test the consistency of the time for AoC between the EMG and
torque criteria during the third test of isokinetic motion. The correla-
tions between the AoC measured by EMG and torque criteria were in-
vestigated by the Pearson correlation coefficient.

The reliability was considered extremely excellent for values ex-
ceeding 0.90, excellent for values from 0.75 to 0.90, fair to good for
values between 0.40 and 0.75, and poor for values less than 0.40
(Fleiss, 2011). The standard error of measurements (SEM) was calcu-
lated to determine the error component of the variance. From the SEM,
the smallest detectable difference (SDD) was calculated for test-retest

Fig. 5. Manual experiment and quantification of AoC based on EMG data (velocity is expressed in 1/3 scale).
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data. All statistical analyses were performed using the PASW statistical
package (SPSS version 18.0, SPSS, Chicago, IL, USA).

4. Results

4.1. Normalized input evaluation

The normalized index score during isokinetic motion was always
one, suggesting that the isokinetic device assigned completely reliable
input during the entire trial. The test-retest reliability of the normalized
index during manual motion was poor in both rater 1 (ICC [95% CI] =
−0.035 [−0.495–0.441]) and rater 2 (ICC [95%CI] = 0.438
[−0.038–0.752]). The inter-rater reliability of the normalized index
during manual motion was poor (ICC [95% CI] = 0.148
[−0.344–0.576]).

4.2. Test-retest reliability

Table 2 provides the test-retest reliability for the AoC measurements
with isokinetic motion using the EMG or torque criteria and manual

motion. The test-retest reliability for manual motion was excellent
(ICC= 0.804 (rater 1) and 0.840 (rater 2)). The use of isokinetic mo-
tion improved the test-retest reliability to a high degree of excellence
based on both the EMG and torque criteria (ICC= 0.929 to 0.997).

4.3. Inter-rater reliability

Table 3 presents the inter-rater reliability for the AoC measurements
with isokinetic motion using the EMG or torque criteria and manual
motion. The inter-rater reliability for manual motion was excellent but
the ICC was 0.788, which was near the lower limit of the excellent
range. The isokinetic motion improved the inter-rater reliability to the
ICC of 0.890 based on the EMG and to the ICC of 0.931 based on the
torque criteria.

4.4. Correlations of AoC and consistency of timing of AoC between the EMG
and torque criteria

The AoC that was measured by the EMG signal and the AoC that was
measured by the torque during the isokinetic motion displayed a

Fig. 6. Elements of the assessment input normalization in the manual experiment (velocity is expressed in 1/3 scale).

Table 2
Test-retest reliability results for the angle of catch measured with isokinetic robotic devices and robotic devices with manual motion.

Test mean (SD) Retest mean (SD) p SEM SDD ICC (2,1) (95% CI)

Rater 1
Isokinetic (150°/s) motion with EMG 93.74 (28.35) 90.93 (25.44) 0.216 12.12 33.59 0.948 (0.857–0.981)
Isokinetic (150°/s) motion with torque 90.30 (27.93) 89.61 (27.25) 0.201 3.02 8.37 0.997 (0.992–0.996)
Manual motion with EMG 82.67 (19.11) 82.03 (21.73) 0.838 17.21 47.70 0.804 (0.538–0924)

Rater 2
Isokinetic (150°/s) motion with EMG 90.77 (28.69) 88.14 (28.34) 0.123 15.10 41.86 0.929 (0.929–0.991)
Isokinetic (150°/s) motion with torque 97.06 (23.47) 94.37 (25.86) 0.192 9.90 27.44 0.959 (0.873–0.987)
Manual motion with EMG 80.96 (21.30) 80.46 (22.81) 0.875 16.94 46.96 0.840 (0.601–0.941)

SEM: Standard error of measurement, SDD: Smallest detectable difference, ICC: Intraclass correlation coefficient, EMG: Electromyography.
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significantly high correlation in both raters 1 (Pearson correlation
coefficient= 0.937, p<0.001) and 2 (Pearson correlation coeffi-
cient= 0.957, p < 0.001). The timing of the AoC between the EMG
and torque criteria was highly consistent with an ICC of 1 (p < 0.001).

5. Discussion

This study is the first examination to investigate the effect of iso-
kinetic fast motion on the test-retest and inter-rater reliability of AoC
measurements with an experiment design that standardized the as-
sessment input and catch detection between the isokinetic and manual
motion by using the isokinetic device with a surface EMG recording.
Previous studies investigated the use of isokinetic devices to measure
the spasticity without considering the effect of standardized isokinetic
motion on AoC reliability compared with the conventional manual
method. (Condliffe et al., 2005, Starsky et al., 2005). In this study, the
use of fast isokinetic motion exhibited better test-retest reliability of the
AoC than the manual motion in both raters 1 and 2 (Table 2). The inter-
rater reliability of AoC displayed an improvement in the isokinetic
motion compared to the manual motion (Table 3). The use of the torque
criteria for AoC further improved both the test-retest and inter-rater
reliabilities of AoC (Tables 2 and 3).

In this study, a normalized input value was proposed to compare the
variability of fast motion during AoC measurements. The normalized
input during manual experiment show poor test-retest and inter-rater
reliabilities. Each subject has different body properties, such as arm
mass and muscle stiffness, and the human rater hard to produce con-
sistent, constant motions across repeated tests, which may have led to
the poor reliability (Ansari et al., 2008, Mehrholz et al., 2005). On the
other hand, the isokinetic device exhibited the normalized input value
of 1 with no error, which indicated that a consistent assessment motion
was applied to all tests. This high reliability of motion can improve the
reliabilities of the AoC measurements (Boiteau et al., 1995, Lamontagne
et al., 1998).

One previous study demonstrated that the torque-based AoC mea-
surements had higher inter-rater reliability and intra-rater reliability
than EMG-based measurements (Lynn et al., 2013). Although this study
did not compare the isokinetic with the manual condition using the
torque criterion due to difficulties in separating the force generated by
the stretch reflex and the input force by the raters from the measured
torque data, the results from the isokinetic motion demonstrated that
the use of torque criterion can improve the reliability of AoC more than
EMG criterion can do (Tables 2 and 3). Therefore, the combination of
torque and isokinetic motion is expected to be a more reliable and
convenient tool to measure AoC in stroke patients with spasticity.
However, there is a concern that the AoC measured using the torque
criteria may not be associated with the stretch reflex, but only with the
passive component. To investigate whether the torque criteria reveal
the stretch reflex in this study, the AoC based on torque was analyzed
manually as the torque upsurge point, because it is difficult to set a
constant threshold due to the different torque magnitudes generated by
stretch reflex and the gradual increase due to muscle stiffness for each
subject. The AoC based on torque criteria was compared with the AoC
based on EMG criteria. As a result, the timing of AoC between the EMG
and torque criteria was highly consistent and the AoC measured by the
EMG and torque criteria exhibited a high correlation, which indicated

that the torque criteria may reflect the active stretch reflex.
Unfortunately, an isokinetic device can reduce the frequency of

stretch reflex compared with the manual assessment. Grippo et al. re-
ported that no stretch reflex that was recorded by EMG was found
during isokinetic knee motion in the patients with MAS 1, 1+; how-
ever, the stretch reflex was present in all patients with a spasticity of
MAS 2 or 3 (Grippo et al., 2011). Rabita et al. reported that the stretch
reflex during isokinetic assessment was less than during the manual
assessment of the ankle in adult patients with plantar flexor spasticity,
which was described in terms of the differences in acceleration that was
beyond the differences in velocity (Rabita et al., 2005). In this study,
only those subjects with mild elbow flexor spasticity (MAS 1, 1+, 2)
were enrolled and the stretch reflexes recorded by the surface EMG
were consistently observed in all subjects during the repeated tests.
These results demonstrate that an isokinetic device can be applied to
measure AoC even in stroke patients with mild spasticity.

Although this study demonstrated that the use of isokinetic motion
increases the test-retest and inter-rater reliabilities of AoC, there are
some limitations. First, the posture used in this experiment is different
from the conventional MTS measurement. The conventional MTS was
made in the absence of shoulder abduction; however, in this study,
measurement was performed with the shoulder abducted at 90 degrees.
Therefore, our experiment did not completely replicate conventional
MTS. However, both the isokinetic and manual experiments were
conducted in the same posture with only a different control input, and
the stretch reflexes were consistently observed in the EMG that mea-
sured the biceps brachii (Figs. 3 and 5). Therefore, this experiment
provides a perspective on how the assessment input motion the relia-
bility of an AoC measurement. Second, the resistance of the robot was
not completely eliminated during the manual experiment. The robot
was used as a measurement device for the manual experiment to ac-
curately measure AoC using a EMG. For this purpose, the robot should
be perfectly transparent by compensating the inertia and friction force.
However, the robotic device used in this study did not completely
compensate for the inertia and friction force, because it used only an
encoder that had difficultly measuring the acceleration and simplified
friction model. Nevertheless, this limitation may not have a significant
effect on the measurement of AoC because the AoC was determined
through the EMG analyses instead of the rater's feelings. Third, the AoC
analysis has been conducted subjectively by humans. The torque and
EMG patterns of the stretch reflex varied slightly between subjects and,
in some cases, the transient increase of the torque was unclear, which
made it hard to establish criteria for a fully automated analysis. This
analysis was performed by third raters who were blind to the in-
formation for the order of rater 1 and 2, to minimize the effect of bias
on our results.

6. Conclusions

The use of an isokinetic device improved the test-retest and inter-
rater reliabilities in stroke patients with mild elbow flexor spasticity,
including conditions that standardize the angle measurement and catch
feeling. This result may be due primarily to the standardization of the
motion by an isokinetic device during elbow extension for spasticity
measurement. These improvements in reliabilities by using an iso-
kinetic device can reduce measurement errors, sample sizes in clinical

Table 3
Inter-rater reliability results for the angle of catch measured with isokinetic robotic devices and robotic devices with manual motion.

Rater 1 mean (SD) Rater 2 mean (SD) p SEM ICC (2,1) (95% CI)

Isokinetic (150°/s) motion with EMG 88.16 (28.24) 89.46 (28.33) 0.973 17.81 0.890 (0.685–0.961)
Isokinetic (150°/s) motion with torque 94.32 (240.13) 95.71 (24.44) 0.775 12.54 0.931 (0.791–0.978)
Manual motion with EMG 80.81 (18.98) 80.71 (21.17) 0.586 17.50 0.788 (0.493–0.920)

SEM: Standard error of measurement, ICC: Intraclass correlation coefficient, EMG: Electromyography.
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trials, and the need for the same rater to perform multiple tests in a
longitudinal study.
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