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Abstract:

Background: People with unilateral sensorimotor impairments after a stroke exhibit 

poor between-limb synchronization and asymmetries in balance control by relying on their 

less-affected side to maintain stability during standing. Therefore, there is a growing 

consensus to include center-of-pressure metrics as between-limb synchronization and 

dynamic control asymmetry when investigating balance improvements poststroke. However, 

the test-retest reliability of these metrics remains under-investigated, hindering uptake of 

these assessments in future stroke rehabilitation and recovery studies.

Research question: First, are three immediate test-repetitions necessary for obtaining 

reliable synchronization and asymmetry scores in individuals with sub-acute stroke, or can 

fewer repetitions suffice? Second, does timing of assessments at 3-, 5-, 8-, and 12-weeks 

poststroke affect these estimates’ test-retest reliability and measurement error?

Methods: Thirty stroke survivors with moderate-to-severe motor impairments were 

tested at 3-, 5-, 8-, and 12-weeks poststroke. At each timepoint, they completed three 40-

second quiet standing trials on a dual force plate which measured center-of-pressure signals 

separately on each side. We calculated between-limb synchronization (i.e., cross-correlation) 

and dynamic control asymmetry (i.e., symmetry index) using the original center-of-pressure 

signal, and after decomposition into high and low (cut-off 0.4 Hz) frequency bands. Intraclass 

correlation coefficients (ICC) and Bland-Altman plots were used to assess test-retest 

reliability and measurement error. A cut-off was used to determine acceptable reliability 

(ICC>0.75).

Results: Between-limb synchronization and dynamic control asymmetry showed 

good-to-excellent reliability (ICCs=0.80-0.97) across three repetitions at all timepoints. 

Reducing to two repetitions yielded acceptable reliability (ICC=0.77-0.95) for dynamic 

control asymmetry and high-frequency measures, yet insufficient reliability for between-limb 

synchronization. At the 3-weeks timepoint, ICCs were generally lower, with more error, 

compared to later timepoints. 

Conclusion: Novel performance metrics quantifying synchronization and asymmetry 

of balance control can be reliably obtained during the early sub-acute phase if three test-

repetitions are administered per assessment.

Key Words: Stroke, Balance, Reliability, Force plate, Measurement error, Center of Pressure.
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List of abbreviations

ADL: Activities of daily living

AP: Anteroposterior

BLS: Between-limb synchronization

CoP: Center-of-pressure

DCA: Dynamic control asymmetry

ICC: Intraclass correlation coefficient

LOA: Limits of agreement

MDC: Minimal detectable change

MI-LE: Motricity index lower extremity

MRI: Magnetic Resonance Imaging

NIHSS: National Institutes of Health Stroke Scale

SEM: Standard error of measurement

SRRR: Stroke Recovery and Rehabilitation Roundtable

WHO: World Health Organization

1. Introduction

When standing still, steady-state balance is controlled mainly by shifting the center-of-

pressure (CoP) within the base of support through ankle torques to move the center-of-mass 

back to equilibrium (“ankle strategy”) [1]. Stroke usually impairs this strategy, causing 

postural instability reflected by enlarged CoP displacements in anteroposterior (AP) and 

mediolateral directions compared to healthy age-matched controls [2,3]. These limitations 

affect the safe performance of more complex activities of daily living (ADL), such as 

transfers and walking [4].​ Therefore, improving steady-state balance, is an important early 

step in the rehabilitation of stroke survivors. 

Currently, balance recovery is mainly assessed through capacity tests, e.g., the Berg 

Balance Scale [5]. While these tools show some improvement during the early sub-acute 

phase (i.e., the first 3 months poststroke) [4,6]​, they exhibit ceiling effects as the test contains 

a reduced range of changes in less-affected patients [7]. Furthermore, the test merely rates 

task completion without identifying underlying compensatory strategies, thereby reflecting 

mainly improvements due to compensation instead of behavioral restitution [3,5].  An inferior 
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motor control on the affected side necessitates stroke survivors to rely on their less-affected 

side’s ankle strategy for maintaining steady-state balance, causing persistent asymmetries 

[2,3,8,9]. Therefore, the Stroke Recovery and Rehabilitation Roundtable (SRRR) [5] 

recommends CoP measurements from each limb independently via a dual force plate to 

quantify between-limb synchronization (BLS) and dynamic control asymmetry (DCA), based 

on a slightly adjusted protocol of Mansfield et al. [10]. These performance metrics elucidate 

whether observed capacity improvements result from the “normalization” of quality of 

movement through restitution, with BLS and DCA becoming increasingly similar to 

normative references, or, from compensatory reliance on the less-affected side [5,11]. 

Likewise, it enables the examination of if and how therapies interact with movement quality.

Besides the SRRR recommendations, frequency decomposition analysis of CoP signals 

has been proposed to advance measurements, as steady-state balance is guaranteed by two 

parallel-acting control mechanisms [12,13]​. More specifically, low frequencies below 0.4 Hz 

are assumed to reflect proactive control of sway, whereas​ high frequencies above 0.4 Hz are 

thought to reflect faster, reactive responses to internal perturbations [12,13]. Accordingly, 

separating CoP signals into low and high frequencies when calculating BLS and DCA could 

explain the preferred use of each leg for pro- and reactive balance.

To promote uptake in future research, the psychometrics underlying the 

metrics—including test-retest reliability and measurement error—must be established. 

However, inconsistencies in existing CoP reliability analyses in stroke populations [14–18] 

limit comparability of results and coming towards consensus. For example, existing studies 

investigated test-retest reliability at single, non-standardized timepoints, which frequently fall 

outside the critical recovery window [14–18], or they mix entirely different recovery stages 

[15,17]. Given the dynamic and non-linear course of poststroke recovery, it would be ideal to 

assess reliability at several fixed timepoints. Furthermore, studies should adhere to existing 

technical recommendations, including using validated instrumentation with a sampling 

frequency of ≥100 Hz [5,19] or, at the very least, 50 Hz as proposed by the International 

Society for Posture and Gait Research [20]. The incorporation of three test-repetitions of 

minimal 25 s is also advised to obtain consistent outcomes in terms of 'traditional' CoP 

metrics [19], but this is not always followed [17,18] to investigate generalizability of these 

recommendations for measuring movement quality poststroke. This also requires moving 

from composite balance measures, as investigated exclusively by some [14,15], towards BLS 
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and DCA. Therefore, standardized recommendations, such as the SRRR initiative [5], can 

serve as a point of orientation to promote methodological consistency. By investigating test-

retest reliability of their proposed protocol and metrics throughout the early sub-acute phase, 

we aim to strengthen these recommendations (or propose adjustments, if needed) to, 

eventually, facilitate the construction of large-scale qualitative datasets.

 Our first objective was to investigate the test-retest reliability and measurement error of a 

single, two, or three immediate test-repetitions to ascertain whether three repetitions​​ are 

necessary to obtain robust BLS and DCA scores in early sub-acute stroke. Our second 

objective was to determine whether timing of assessment affects the test-retest reliability 

when assessed at 3-, 5-, 8-, and 12-weeks poststroke. In general, we hypothesized to find 

sufficient reliability, defined as an intraclass correlation coefficient (ICC)>0.75, for measuring 

BLS and DCA with a laboratory-grade dual force plate. This would align with reliability 

analyses conducted in later, not standardized recovery stages [16–18]. Furthermore, we 

hypothesized that one-to-two test-repetitions, as applied in other recovery studies [2,8], would 

be insufficiently reliable (Objective 1). Lastly, we hypothesized that these estimates’ 

reliability is time-dependent, with ICCs exhibiting relatively lower reliability and larger errors 

at 3-weeks, compared to later timepoints, as patients are still searching for their preferred 

stance strategy (Objective 2) [2,8,9].

2. Methods

This was a secondary analysis of data collected during the TARGEt project. 

Specifically, data from a prospective cohort study (TARGEt-1) [9,21] and a pilot randomized 

trial (TARGEt-2) [22] were considered, given their identical serial measurements. TARGEt, 

including this analysis, was approved by the Antwerp University Hospital and University of 

Antwerp’s Medical Ethics Committee (No.18/25/305; Belgian trial registration 

No.B300201837010). All procedures were conducted according to the Declaration of 

Helsinki.

2.1. Participants

The entire TARGEt sample was recruited from acute hospitals or rehabilitation centers 

between 5 to 14 days poststroke (i.e., baseline) following these criteria: 1) first-ever ischemic 
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or hemorrhagic unilateral supratentorial stroke in the cortical, subcortical, or midbrain 

regions, confirmed with CT/MRI [23]; 2) age 18-90 years; 3) reduced unilateral leg strength 

(i.e., >0 points on 6a/b of National Institutes of Health Stroke Scale <72 h poststroke and 

Motricity Index-lower extremity score (MI-LE) <91 at inclusion) and walking difficulties 

(i.e., Functional Ambulation Category (FAC) ≤4 at inclusion); 4) being admitted to inpatient 

rehabilitation; 5) ADL premorbid independence; 6) no severe orthopedic or another 

neurological condition; and 7) no severe cognitive and communication impairment. For 

TARGEt-2, criteria were slightly more restrictive and only included those with MI-LE <75 

and FAC ≤1 [22]. 

From the TARGEt sample, participants (N=30) who underwent CoP assessments with 

force plates were included, as another measurement plate was also used, which still lacks 

validation [24]. Of the included participants, eight, seven, and 14 were assessed on two, three, 

and all four timepoints, respectively. A single participant underwent only one measurement. A 

detailed flowchart of follow-up numbers is presented as Figure 1.

2.2. Assessment procedure

Participants stood quietly for 40 s with eyes open and feet positioned in a standardized 

way, similar to other testing protocols [2,21], with an 8.4 cm heel-to-heel distance and 9° toe-

out angle. They were instructed to stand still and look at a visual target displayed at 

approximate 2 m distance, with their arms alongside their trunk, following standardizations 

[10]. Three repetitions were evaluated with seated breaks in between of maximum 2 min. 

Ground reaction forces under each limb were sampled at 1,000 Hz with two side-by-side, 

floor-mounted force plates (Type OR6-7 AMTI, MA, US) in the M²OCEAN gait-laboratory 

(University of Antwerp).

2.3. Data processing

The last 30 s of each trial were processed and low-pass filtered with a 10 Hz second-order 

Butterworth filter. The individual-limb CoP was aligned with the anatomical ankle position by 

rotating the coordinate system. Therefore, the exact foot position was determined by motion 

capturing (Vicon Motion system Ltd, Oxford, UK) with the AP-axis defined as a line drawn 

between the head of the second metatarsal bone and heel.
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We calculated BLS and DCA using the original CoP signal, and separately for high- and 

low-frequency bands. A Fast Fourier Transformation has been applied using Matlab 

(MathWorks Inc., Natick, US) [25] with 0.4 Hz cut-off [13], as was chosen in prior stroke 

studies [12,13]. 

 Between-limb synchronization (BLS) was calculated as a cross-correlation between 

the CoP displacement from each side in AP-direction, at zero time-lag [1,26]. Higher 

values (closer to 1) reflect ‘better’ synchronization.

 Dynamic control asymmetry (DCA) was calculated as a symmetry index using CoP 

root mean square (rms) velocities in AP-direction and represents each leg’s 

contribution ratio. Positive DCA values reflect a relatively greater contribution by the 

less-affected leg, whereas negative DCA values reflect greater control by the most-

affected leg [2,3,9]. 

DCA =  100%

2.4. Statistical analysis 

Statistical analysis was conducted using SPSS (v29.0.2.0 IBM, Armonk, US). 

Test-retest reliability was defined as “the proportion of the total variance in the 

measurements, which is due to ‘true’ differences between patients” and is presented by ICC 

point-estimates [27]. Therefore, an ICC for each metric and timepoint was computed with 

95% confidence intervals (95%CI) using a two-way mixed-effects model measuring absolute 

agreement of k measurements (ICC3,k) [28]. An average-measure outcome was used to reflect 

the protocol’s use of averaging multiple test-repetitions [19]. An ICC3,k was calculated for all 

three test-repetitions (ICC3,3), the first two (ICC3,2), and a single (ICC3,1) repetition to compare 

the necessities to achieve ICCs ≥0.75. This cut-off has been used by others for defining good 

reliability of measurement techniques for research [19,29]. Reliability was interpreted as: ICC 

0-0.5: poor; 0.5-0.75: moderate; 0.75-0.9: good. >0.9: excellent [28].

Measurement error, defined as “the systematic and random error, independent of the 

true changes in a repeated measurement within a subject” is presented by the standard error of 
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measurement (SEM) [27,30]. The SEM was calculated as follows to estimate the distribution 

around a “true” score of multiple measures within a patient [27].

Subsequently, the minimal detectable change (MDC) was measured to determine the 

smallest difference in test results that is not explained by random error [31].

Bland-Altman plots were created to investigate systematic bias between immediate 

test-repetitions. These plots include the mean difference line with its standard error and limits 

of agreement (LOA) [32]. A narrower LOA encompassing zero reflects better test-retest 

agreement, or lower error, whereas the distribution of difference scores was visually analyzed 

for bias. A significant difference by a constant amount was interpreted as fixed bias and a 

slope pattern as proportional bias [32]. 

2.5. Sample size justification

The sample size of N=30, with 20-25 observations per assessment (Figure 1), was based 

on data availability. Using Zou’s lower bound CI method [33], this sample approximates the 

N=23 required to detect a 95%CI lower bound of 0.5 (null hypothesis) with 80% power, 

assuming an ICC=0.75 for BLS based on prior results [16–18], and considering three test-

repetitions. While this analytical approach is supported by COSMIN [27,31], it was developed 

for a one-way ICC, making the estimate conservative for our two-way model [31]. 

3. Results

As shown in Table 1, the 30 participants had a mean±standard deviation age of 

63.67±15.37 years. Twelve (40%) were female, thirteen (43.33%) had left-sided weakness, 

and 25 (83.33%) experienced an ischemic stroke. Clinical baseline scores are provided, 

including MI-LE of 47.7±25.93 and seven participants (23.3%) were independent walkers 

(FAC =4). Follow-up assessment scores and ‘traditional’ CoP metrics are included in Table 1 

as well.
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Overall, as shown in Table 2, we found regarding test-retest reliability of BLS and 

DCA, if measured with all three available test-repetitions ICC3,3=0.80-0.97 throughout the 

early sub-acute phase, thereby exceeding our threshold of >0.75. The lower bound of the 

95%CI did not exceed <0.50.

For our specific objectives, Figures 2AB show tendencies of change in ICC scores 

when considering fewer test-repetitions (Objective 1) and across different timepoints 

(Objective 2). Summarized, when considering only two repetitions, DCA, DCAhigh, DCAlow, 

and BLShigh yielded consistently ICC3,2 >0.75and the 95%CI did not exceed <0.50, except for 

DCAhigh at 3-weeks (95%CI[0.41;0.91]). Regarding BLS, at 3-weeks we found an ICC3,2=0.65 

with 95%CI[0.10;0.86]. At the 5-, 8-, and 12-weeks assessments, ICCs3.2 were >0.75, while at 

8-weeks the 95%CI[0.45;0.90] exceeded <0.50. BLSlow yielded generally insufficient 

reliability with ICC3.2 <0.75 and/or the 95%CI lower bound <0.50. When considering the 

single-measurement condition, ICC3,1 <0.75 were found.

Regarding test-retest measurement error, the SEM estimates appear to follow the same 

tendencies as ICCs ; all metrics across all timepoints decrease their measurement error by 

including more test-repetitions. Higher SEMs are found at 3-weeks compared to the last 12-

week assessment (Table 2). 

Bland-Altman plots (Figure 3 and supplementary material) did not yield any bias between 

immediate test-repetitions for DCA. BLS yielded some proportional bias due to a decrease in 

change, or less measurement error, with a higher synchronization score. 

4. Discussion

To our knowledge, this is the first study to investigate the test-retest reliability and 

measurement error of BLS and DCA at various timepoints throughout the early sub-acute 

phase, using a standardized protocol that employs a laboratory-grade dual force plate [5,10]. 

The timepoints 3-, 5-, 8-, and 12-weeks poststroke were chosen in line with SRRR 

recommendations for monitoring recovery courses, with consideration that most standing 

balance recovery appears to occur within the initial eight weeks poststroke [5,9]. Overall, 

when all three available test-repetitions were considered, we found sufficient reliability 

(ICC3,3=0.84-0.95) throughout the early sub-acute phase. These ICC values were similar for 



10

BLS and DCA metrics, with and without frequency decomposition. Regarding our first 

objective, the first two test-repetitions yielded sufficient reliability for DCA, DCAhigh, DCAlow, 

and BLShigh, yet it tended to decrease for BLS and BLSlow. Single-test conditions were 

generally unreliable. Regarding our second objective, which concerns the timing of 

assessment, we found the test-retest reliability to be lower at 3-weeks poststroke, with 

relatively larger measurement errors, compared to later assessments.

Regarding Objective 1, test-retest reliability of DCA remained robust even when only 

two test-repetitions were considered, suggesting that a minimal protocol could be acceptable 

if asymmetric limb contributions to steady-state balance are of primary interest. In contrast, 

reliability of BLS was lower, not surpassing our threshold of ICC >0.75. This agrees with 

observations of Aryan et al. [18] and Jagroop et al. [17], who found similarly inferior 

reliability for BLS, or ICCs of 0.70 (95%[0.48;0.84]) [18] and 0.83 (95%[0.57;0.93]) [17], 

when compared to symmetry indexes as DCA, using a two-test protocol. However, our results 

complement their findings, as BLS reached sufficient reliability when three test-repetitions 

were administered. It should be noted that despite this difference, ICC and SEM estimates 

were generally ‘poorer’ in their studies when compared with the current study. Although 

speculative, this may include variation in the selected population and/or protocol. Regarding 

the latter, they [18] permitted habitual shoes and employed a standardized axis transformation 

for defining AP orientation. Conversely, we measured participants barefooted, which could 

have caused observed differences [34]. Furthermore, we also tracked their exact foot position 

through motion-capturing trial-by-trial. However, systematic investigations would be needed 

to clarify these factors’ influence.

The lower reliability of BLS relative to DCA could be attributed to the way these 

estimates are calculated. BLS is calculated based on point-by-point correlations, showing non-

linear progression [1,26], while DCA as a symmetry index of composite velocity scores using 

the entire CoP signal on either side [2,3,9]. This likely reduces variability by smoothing out of 

noise and the impact of outliers [35]. Bland-Altman plots also revealed some proportional 

bias regarding BLS, with worse synchronization linked to greater variability in scores (Figure 

3). This might limit monitoring changes in BLS in more-affected patients as they show greater 

measurement error. A subgroup analysis by impairment severity is warranted but not feasible 

due to a limited sample. 
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Following our expectations regarding Objective 2, reliability tended to be lower early 

poststroke. As emphasized, this could be attributed to patients still discovering the most 

effective strategy to adapt to regain stability while standing. In line with this assumption, 

DCA tended to increase over time poststroke (Table 2), which somewhat agrees with previous 

studies showing no change in DCA [2,9]. This suggests an enhanced reliance on the less-

affected side’s ankle strategy with ongoing recovery, which is similar when only considering 

cases were tested on all occasions in our dataset (Table S1). Once this compensatory strategy 

is established, patients could be more consistent in their performance, thereby reducing the 

test-retest variability.

An additional final observation, beyond our pre-specified objectives, was a higher 

reliability for high-frequency compared to low-frequency BLS outcomes. Technically 

speaking, capturing low frequencies requires longer measurements [12,36] and one may 

hypothesize that our measurements were too short. However, prolonging measurements would 

propose challenges in pathological populations. Furthermore, this observation could be 

explained by the “throw and catch” model of postural control [37], where the low-frequent 

signal reflects random, thereby less consistent, sway and high-frequent signals reflect reactive 

corrections that are more regular [36].

In terms of implications, we suggest that when assessing patients early, particularly 

around 3-weeks poststroke, a timepoint that likely coincides with the initiation of early 

rehabilitation trials, using three test-repetitions is advisable. This decreases the random error 

and, thereby, increases the power to detect recovery of movement quality within subjects. This 

is particularly important for BLS and frequency-decomposed metrics which showed greater 

measurement error. Nevertheless, the MDC values for BLS (~0.1, Table 2) are lower than 

approximate differences between stroke (mean ~0.6, Table 1) and healthy populations (mean 

~0.8-0.9 [9,38]). Thus, the provided MDC values (Table 2) can be used as benchmarks to 

distinguish “true” change in the direction of normative ranges, from random error when 

interpreting findings in future studies.

4.1. Future perspective 

Our findings facilitate longitudinal studies monitoring qualitative changes in standing 

balance performance poststroke using frequency-decomposed BLS and DCA, during ongoing 



12

recovery, or in response to therapies. However, replication is warranted using a clinically-

feasible test protocol (i.e., portable technology) and in a broader clinically-representative 

sample, including recurrent strokes and the mildly affected. Then, when translating our 

findings for clinical practice, we recommend higher ICC cut-offs as more precision is needed 

for clinical decision-making in individual patients. Additionally, to enhance interpretation of 

DCA and BLS, large-scale open-access normative datasets are needed to provide age-matched 

healthy reference values and normative thresholds. 

4.2. Limitations 

First, our sample size was arbitrary and rather small. At 3-weeks, some participants’ 

balance was still severely reduced, resulting in fewer data than the prerequisite N=23, as 

determined based on power analysis. Therefore, despite similar findings to prior research 

[16–18], large confidence intervals at 3-weeks and when fewer test-repetitions are considered 

warrant cautious interpretation. Second, our sample was limited to inpatients and first-ever 

major strokes. Third, measurements before 3-weeks poststroke could not be systematically 

administered, leaving out very early changes in recovery. Fourth, rest breaks were not 

standardized, potentially influencing the measurements’ reliability due to varying fatigue 

levels. Fifth, alternative approaches to correct for the non-linear nature of BLS were not 

investigated. Last, laboratory-based protocols were used due to the lack of validated portable 

systems [5], and protocols were limited to quiet standing. 

5. Conclusion

This study examined the test-retest reliability and measurement error of BLS and DCA 

in early sub-acute stroke, following a standardized protocol of the SRRR for measuring 

steady-state standing balance with dual force plates [5,10]. The findings indicate reliable 

outcomes when three 40-s test-repetitions were administered across timepoints, thereby 

confirming CoP reliability recommendations in other populations [19]. Further, DCA was 

found sufficiently reliable even after two test-repetitions, offering an opportunity to collect 

outcomes with less strenuous activity for patients. Future research should include a larger 

clinically-representative population and test validity of portable technology to improve the 

feasibility of conducting repeated measurements as part of stroke recovery and rehabilitation 

studies.
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Figure captions

Figure 1. Flowchart of follow-up data with reasons of missing data.

Figure 2AB. Values shown are intraclass correlation coefficient (ICC3,k) point estimates with 

their 95% confidence interval [95%CI] as error bars for immediate test-retest reliability of 

dual force plates with and without frequency decomposition (high and low) at fixed 

assessment timepoints in the early sub-acute phase poststroke. 

The difference symbols represent ICC scores for 3 trials (ICC3,3; circle ●), 2 trials (ICC3,2; 

triangle ▲), and 1 trial (ICC3,1; square ■). Panel A shows ICC outcomes for BLS, and panel 

B shows ICC outcomes for DCA.
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Figure 3. Bland-Altman plots with subject-specific differences and mean scores between trial 

1 vs. trial 2, and trial 2 vs. trial 3 at all investigated assessment timepoints. 

The Y-axis shows subject-specific difference scores between the two intended trials, and the 

X-axis represents the mean score per subject. A solid line represents the mean difference, a 

dashed line indicates the standard error of the mean, and the grey area represents the area 

between the upper and lower end of the limit of agreement. On the left, the between-limb 

synchronization (BLS) with and without frequency decomposition is displayed. On the right, 

the dynamic control asymmetry (DCA) with and without frequency decomposition is shown.
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Tables

Table 1. Participants’ characteristics at baseline (5-14 days poststroke) and results on clinical scales and force 

plate assessments at 3-, 5-, 8-, and 12-weeks poststroke. 

Values presented with * are means with standard deviations in parenthesis, otherwise, they are numbers (N).
Assessment 

timepoint

Baseline 3-weeks 5-weeks 8-weeks 12-weeks

Sex (female/male) (N) 12/18

Age (years)* 63.67 (15.37)

Weight (kg)* 72.99 (16.05)

Height (cm)* 166.28 (8.37)

Affected side 

(right/left) (N)

13/22

Stroke type (ischemic/ 

hemorrhagic) (N)

25/5

measurements (N) 20 25 24 25

Additional descriptive outcomes of impairment severity and balance performance

FM_LE [0-34]* 17.27 (8.53) 20.60 (7.47) 22.45 (7.18) 24.27 (6.56) 24.52 (5.56)

MI_LE [0-100]* 47.7 (25.93) 57.33 (24.34) 61.72 (23.58) 67.5 (20.88) 70.68 (17.17)

FAC [0-5]* 1.03 (1.7) 1.80 (1.85) 2.59 (1.78) 3.12 (1.48) 3.8 (1.35)

WBA*(%) 40.34 (12.07) 42.18 (9.85) 41.35 (9.03) 41.03 (8.17)

CoP ellipse 

area*(mm²) 571.52 (383.77) 498.53 (355.95) 410.20 (333.00) 365.97 (280.49)

CoPa_ap (mm)* 35.13 (11.49) 34.29 (10.61) 30.11 (10.05) 28.67 (8.43)

CoPa_ml (mm)* 35.81 (17.46) 31.30 (16.63) 28.86 (14.10) 26.74 (12.54

CoPv_ap (mm/s)* 16.10 (5.79) 15.63 (6.48) 14.62 (6.01) 13.90 (5.67)

CoPv_ml (mm/s)* 14.00 (7.56) 12.35 (7.27) 11.61 (6.22) 11.10 (5.78)

CoP-based performance metrics of interest

BLS (r)* 0.60 (0.24) 0.57 (0.34) 0.63 (0.257) 0.62 (0.246)

DCA (%)* 28.50 (51.05) 43.15 (52.78) 48.90 (39.73) 51.63 (43.20)

BLS_high (r)* 0.65 (0.19) 0.64 (0.22) 0.65 (0.21) 0.65 (0.22)

BLS_low (r)* 0.66 (0.20) 0.69 (0.18) 0.70 (0.19) 0.70 (0.15)

DCA_high (%)* 6.90 (48.60) 16.92 (52.52) 30.27 (33.74) 35.17 (32.38)

DCA_low (%)* 18.33 (53.80) 27.53 (48.66) 24.19 (40.65) 29.06 (39.43)

FM-LE: Fugl-Meyer motor assessment – Lower extremity; MI-LE: Motricity index – Lower extremity; FAC: Functional 
Ambulation Category; BLS: Between limb synchronization; DCA: Dynamic control asymmetry; WBA: Weight-bearing 
asymmetry (ie, weight placed on the most-affected leg); CoPa: Center of Pressure amplitude; ap: Anteroposterior; ml: 
mediolateral; CoPv: Center of Pressure velocity; mm: millimeter; mm/s: millimeter per second.
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Table 2. Test-retest reliability and measurement error results.

3-weeks poststroke

ICC3,3 (95%CI) SEM MDC ICC3,2 (95%CI) SEM MDC ICC3,1 (95%CI) SEM MDC

BLS 0.84 (0.63;0.94) 0.04 0.11 0.65 (0.10;0.86) 0.05 0.13 0.49 (0.05;0.76) 0.06 0.17

DCA 0.95 (0.88;0.98) 0.07 0.20 0.88 (0.68;0.95) 0.08 0.22 0.78 (0.52;0.91) 0.12 0.34

       

BLShigh 0.93 (0.83;0.97) 0.03 0.08 0.91 (0.77;0.96) 0.03 0.09 0.83 (0.62;0.93) 0.05 0.14

BLSlow 0.85 (0.67;0.94) 0.04 0.08 0.64 (0.06;0.86) 0.04 0.10 0.47 (0.03;0.75) 0.05 0.14

DCAhigh 0.91 (0.81.0.97) 0.08 0.21 0.77 (0.41;0.91) 0.10 0.26 0.63 (0.26;0.84) 0.14 0.38

DCAlow 0.91 (0.80;0.87) 0.07 0.19 0.87 (0.66;0.95) 0.08 0.23 0.76 (0.49;0.90) 0.11 0.30

5-weeks poststroke

ICC3,3 (95%CI) SEM MDC ICC3,2 (95%CI) SEM MDC ICC3,1 (95%CI) SEM MDC

BLS 0.92 (0.83;0.96) 0.04 0.12 0.86 (0.69;0.94) 0.05 0.15 0.76 (0.52;0.89) 0.09 0.24

DCA 0.95 (0.91;0.98) 0.06 0.18 0.95 (0.89;0.98) 0.08 0.22 0.91 (0.80;0.96) 0.12 0.33

       

BLShigh 0.94 (0.88;0.97) 0.03 0.07 0.88 (0.73;0.95) 0.03 0.09 0.79 (0.57;0.90) 0.05 0.13

BLSlow 0.80 (0.59;0.91) 0.02 0.07 0.70 (0.31;0.87) 0.02 0.07 0.54 (0.18;0.77) 0.04 0.12

DCAhigh 0.80 (0.60;0.91) 0.06 0.17 0.80 (0.54;0.91) 0.07 0.20 0.66 (0.37;0.84) 0.11 0.31

DCAlow 0.87 (0.74;0.94) 0.07 0.19 0.82 (0.58;0.92) 0.09 0.26 0.69 (0.41;0.85) 0.15 0.43

8-weeks poststroke

ICC3,3 (95%CI) SEM MDC ICC3,2 (95%CI) SEM MDC ICC3,1 (95%CI) SEM MDC

BLS 0.87 (0.73;0.94 0.03 0.09 0.76 (0.45;0.90) 0.04 0.11 0.61 (0.29;0.81) 0.06 0.17

DCA 0.94 (0.87;0.97) 0.05 0.14 0.93 (0.83;0.97) 0.06 0.17 0.87 (0.71;0.94) 0.08 0.23

   

BLShigh 0.95 (0.90;0.98) 0.03 0.07 0.93 (0.84;0.97) 0.03 0.09 0.88 (0.72;0.95) 0.04 0.12

BLSlow 0.82 (0.63;0.92) 0.03 0.07 0.75 (0.44;0.89) 0.03 0.09 0.60 (0.28;0.81) 0.05 0.13

DCAhigh 0.86 (0.71;0.94) 0.06 0.15 0.83 (0.62;0.93) 0.07 0.20 0.72 (0.45;0.87) 0.11 0.29

DCAlow 0.85 (0.70;0.93) 0.05 0.13 0.83 (0.60;0.92) 0.05 0.14 0.70 (0.43;0.86) 0.07 0.18

12-weeks poststroke

ICC3,3 (95%CI) SEM MDC ICC3,2 (95%CI) SEM MDC ICC3.1 (95%CI) SEM MDC

BLS 0.85 (0.69;0.93) 0.03 0.09 0.85 (0.65;0.93) 0.04 0.11 0.74 (0.48;0.87) 0.07 0.18

DCA 0.96 (0.90;0.98) 0.05 0.15 0.95 (0.88;0.98) 0.06 0.17 0.90 (0.78;0.95) 0.09 0.25

   

BLShigh 0.97 (0.94;0.99) 0.03 0.07 0.94 (0.86;0.97) 0.03 0.08 0.90 (0.78;0.95) 0.04 0.12

BLSlow 0.80 (0.58;0.91) 0.02 0.06 0.80 (0.54;0.91) 0.03 0.07 0.66 (0.37;0.84) 0.04 0.08

DCAhigh 0.90 (0.80;0.96) 0.05 0.14 0.88 (0.72;0.95) 0.06 0.17 0.78 (0.56;0.90) 0.09 0.25

DCAlow 0.89 (0.77;0.95) 0.04 0.12 0.86 (0.68;0.94) 0.05 0.13 0.76 (0.52;0.89) 0.07 0.19

ICC: Intraclass correlation coefficient; CI: Confidence interval; SEM: Standard error of measurement; MDC: Minimal 
detectable change; BLS: between limb synchronization; DCA: dynamic control asymmetry.


