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ADbstract

Three-dimensional gait analysis is the gold stashdar gait-assessment in patients with stroke. This
technique is commonly used to assess the effetreafment on gait parameters. In clinical practice,
three gait analyses are usually carried out (bhasedifter treatment and follow-up), the objectivese

to define the reproducibility and the Minimum Detdale Change (MDC) for gait parameters in stance
and swing measured using 3D-gait analysis, and$ess changes in MDC across three repeated 3D-
gait analyses. Three gait analyses (V1, V2 and W&e performed at 7-day intervals in twenty-six
patients with chronic stroke. Kinematic data (ire thagittal plane, during swing and stance) and
spatiotemporal data were evaluated for the palietlz. Reliability was tested using repeated measure
ANOVA with a Tukey post hoc test, and the MDC valweere calculated for each parameter. Only
the range of hip motion during swing changed sigaiftly between V1 and V2, but no other
kinematic parameters changed. No significant difiees were observed for the spatiotemporal
parameters. MDC values were always higher duriegMhvsV2 comparison for both kinematic and
spatiotemporal parameters. This is the first study evaluate the MDC for kinematic and
spatiotemporal parameters during stance and s\Rabjability of kinematic and spatiotemporal data
across sessions was very good over the three ses8iC values were the lowest between V2 and
V3 for most parameters. Use of the MDC will allolnicians to more accurately determine the effect

of treatments.

Key Wordsstroke, gait analysis, reproducibility, minimuratelctable change.
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1 Introduction

Stroke-related hemiparesis alters the gait pat{®&lissier, Pérennou, & Laassel, 1997; Pinzur,
Sherman, DiMonte-Levine, & Trimble, 1987), and noadliand surgical treatments and rehabilitation
often focus on improving gait (Bleyenheuft et aD09; Boudarham et al., 2014; Flansbjer, Downham,
& Lexell, 2006; Roche, Zory, et al., 2015). Theeets of treatment can be measured using three-
dimensional gait analysis (3D-gait analysis) (Blayeuft et al., 2009; Pittock et al., 2003; Roche,
Zory, et al., 2015), the gold standard for gaiteasment. 3D-gait analysis systems provide precise
measurements of spatiotemporal, kinematic and ikigetit parameters (McGinley, Baker, Wolfe, &
Morris, 2009). The reliability of these system Hmeen shown to be good in patients with stroke.
Reliability is high for kinematic parameters in thamittal plane (Kadaba et al., 1989; McGinleylgt a
2009; Schwartz, Trost, & Wervey, 2004) and for gggaporal paramete(®©ken, Yavuzer, Ergdgen,
Yorgancioglu, & Stam, 2008; Yavuzer, Oken, ElhanS&m, 2008), the reliability has been mainly
assessed using the intraclass coefficient coroaltiCC) and the standard error measurement (SEM).
However, another very important psychometric patanmte consider is the minimal detectable change
(MDC). MDC relates to measurement bias. If the dgeaiollowing treatment is greater than the MDC,

it is therefore likely due to the treatment. (W&i005).

MDC values have been calculated for certain parammetvaluated during 3D-gait analysis in patients
with stroke, including gait profile score and gadviation index (Correa et al., 2017; Devetak et al
2016), ground reaction forces (Campanini & Merl602) and kinematic (such as peak ankle angle
during swing or peak knee flexion during swing) apétiotemporal (such as step length) parameters
and ground reaction forces during treadmill gaieg&r, Binder-Macleod, Hicks, & Reisman, 2011).
However, treatment often aims to improve kinemagacameters during a specific phase of the gait
cycle to improve locomotion of patients with strake botulinum toxin injection (BTI) in the rectus
femoris muscle to increase peak knee flexion imgwhase, or surgery to the triceps surae to ingprov
ankle dorsiflexion in swing phase). It is thus intpat to determine the MDC for specific kinematic
parameters during stance and swing in patients whitonic stroke-related hemiparesis to better

analyses results from studied using gait analygsessess effect of a given treatment in a spegdfic

3
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phase.. Furthermore, hemiparetic gait is charaeterby an asymmetry between duration of swing and
stance phase, knowing the MDC of these parameteitd @also be relevant to better analyses results of
studied aiming to restore the symmetry of phasesh@Bnon, 1987; Pinzur et al., 1987; Sheffler &

Chae, 2015).

The effect of treatment is often evaluated oveeal8D-gait analyses: baseline, mid-treatment add en
of treatment, or baseline, end of treatment aner atwash out period to determine if the effect is

maintained. It is therefore important to assesMB& over three sessions.

The aim of this study was thus to define the MDE€Hip, knee and ankle angles in the sagittal plane
during both stance and swing and the MDC of spatipioral parameters and to assess changes in
MDC across three repeated 3D-gait analyses. To ¢nak, the kinematic and spatiotemporal
parameters of patients with chronic stroke-reladtethiparesis were compared over three 3D-gait
analyses performed at 7-day intervals. We hypatkesthat performance would be most variable
during the first 3D-gait analysis, inducing a larg#DC than during the second and third analyses. If
this was confirmed, it would imply that an initidD-gait analysis should be carried out simply for

familiarization purposes prior to the data collenti

2 Methods

2.1 Sample

Twenty-six -patients with chronic stroke were ird#d in the study (n=19 men; mean age 58.2+13.1
years; mean time since stroke 9.7+7.1 years; niglt hemiparesis). They were recruited during
routine follow-up visits in the physical medicinedarehabilitation department of a university teaghi
hospital. Subjects were eligible for inclusion Hey: i) were over eighteen years old, ii) had
hemiparesis due to a single stroke more than sirtimpreviously, and iii) were able to walk 10
minutes independently with or without walking ai@ubjects were excluded if they had: i) bilateral
cortical lesions, ii) cerebellar syndrome, iii) ee¥ comprehensive deficit or severe aphasia, iv)
apraxia or v) musculoskeletal surgery less thannsixths ago. All subjects gave written informed
consent before participation. The study was peréokrim accordance with the ethical codes of the

4
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World Medical Association (Declaration of Helsinkgnd was approved by the local Ethics

Committee.

2.2 Study design

Each subject participated in 3 visits at 7-dayridbs (V1, V2 and V3). One 3D-gait analysis was

carried out at each visit.

2.2.1 Gait analysis

At least three trials were performed before theirbg@gg of the recording in order to familiarise the
patient with the experimental conditions, sincéas been shown that the first three trials of & gai
analysis session differ from subsequent trials (Bobiam, Roche, et al., 2013). A minimum of 4 trials
were then recorded at a spontaneous walking speexd 10-meter-long corridor. To balance the
influence of each visit, the same number of gadley was analysed for each subject (based on the
visit with the least number of gait cycles). We malty deleted the gait cycles in excess. Therefore,
the number of gait cycles analyzed varied acrokgsts (from 5 to 18). Seven optoelectronic cameras
(Motion Analysis Corporation, Santa Rosa, CA, USI®0 Hz sampling frequency) recorded the
trajectories of 30 reflective markers, positionedtbe skin of the subjects according to the Helene
Hayes model. The trajectories were manually prazessing Cortex 1.3 and OrthoTrack 6.5 software
(Motion Analysis Corporation, Santa Rosa, CA, USH) extrapolate joint kinematics and

spatiotemporal parameters.

The same operator positioned all the markers foh gatient at each visit and carried out the whole

3D-gait analysis in order to limit extrinsic varibty (McGinley et al., 2009).

2.3 Data Analysis

2.3.1 3D gait analysis
Kinematic data in the sagittal plane (peak hip knee flexion and extension, ankle dorsiflexion and
plantarflexion and total range of motion (RoM) chgrithe stance and swing phases) were calculated

for the paretic lower limb. Spatiotemporal gait graeters (gait speed, cadence, stride length, step
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length, step width and duration of stance phaseg w&kso calculated. Values for each parameter were

averaged across all the gait cycles for each padimhthe mean was used for the analysis.

2.3.2 Analysis of raw differences, reliability and minihtietectable change

Mean values of the kinematic and spatiotemporahrpaters were compared to determine if there
were significant differences between each visitpri@ducibility of measures is often evaluated by

comparing two datasets with different indices. Tiest common and relevant indices are the ICC and
the SEM, the MDC is then derived from the SEM. I&Cuseful to observe the correspondence
between two measures, however it is dependenteortémdard deviation in the sample (Weir, 2005).
To give more weight to the reliability of the dassessed by the ICC, it is necessary to concotyitant

evaluate the SEM and the MDC. Low SEM and MDC vslsignify that changes observed are likely

due to the treatment and not the measurement Eeftral., 2017; Devetak et al., 2016; Flansbjer,
Holmback, Downham, Patten, & Lexell, 2005; Kadabale 1989; McGinley et al., 2009; Weir,

2005).

Reliability was thus evaluated using two methods, ICC and the SEM. ICC was calculated using
custom software written by Arash Salarian (Copyrig@16) in MATLAB (Mathworks). The ICg,,
was used because the data were acquired oversiss®ns by the same operator and the trials within
each session were averaged (Shrout & Fleiss, M/e®; 2005). The formulae used to calculate the
ICC was:

MSs — MSg

MSs

Where M$ is the subjects mean square and:N43he error mean square of the 2-way ANOVA used
to compare the data (Weir, 2005). The ICC varigs/éen 0 and 1; the higher the 1GGhe higher the
reproducibility. There is no real consensus regaydcut-off" values, however, it has been suggested
that values <0.59 reflect “poor reproducibility”60-0.79 “moderate reproducibility” and > 0.80 “hig

reproducibility” (Bushnell, Johnston, & Goldstei@p01). The SEM can be calculated using two

formulae :SEM = SDV1 — ICC, or SEM=/MS;, MS being the square root of the within-subjects
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error of the repeated measures ANOVA (Weir, 20Q3YS; was chosen because the ICC depends on
the standard deviation of the data, thus for tws s data with the same means and two different

standard deviations, data with a low standard dieviawill have a lower ICC than data with a large

standard deviation/ MSg takes this into account (Weir, 2005).

The MDC was calculated using the following equatitfiDC = SEM * 2.056 * v/2. The value 2.056

corresponds to the student-t distribution with &98onfidence interval for the study sample size
(n=26) (Beckerman et al., 2001). SEM and MDC angressed in raw units and not in percentages to
facilitate future comparisons with other studieawever, the mean MDC and SEM values for the
spatiotemporal parameters are presented as pegesritaorder to compare parameters with different

units (McGinley et al., 2009). The MDC% was caltethusing the following formula¥DC% =

(M)L_;C) * 100, X being the mean value of the parameter compareueket2 sessions (either V1/V2 or

V1/V3 or V2/V3) (Flansbjer et al., 2005). The SEM#84as calculated using the same technique.

2.4 Statistical analysis

The statistical analysis was based on the recomatiems of Weir et al. (2005) (Weir, 2005). If the
data followed a normal distribution (according e tShapiro-Wilk test), a one-factor (time), repdate
measures ANOVA was performed (sessions V1, V2 a8l W the results of the repeated measures
ANOVA were significant, a post hoc Tukey HSD teshswperformed to determine which visits
differed: (V1vsV2 or V1vsV3 or V2vsV3). If the dathid not follow a normal distribution, a Friedman
test was performed. Significant differences werealysed using a Wilcoxon test to identify which
visits differed significantly from each other. Siltameously, the ICg, SEM and MDC were

calculated for each parameter between V1 and V2andlVv3; V2 and V3.

3 Results

3.1 Kinematics

Table 1 shows the kinematic values (mean and SD¢doh parameter studied during each visit. The

details of the repeated measures ANOVAs are availats1 appendix Table A.



167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

Table 1: Kinematic parameters during the swing (Baril stance phases (StP) of gait cycle. Positive

values denote flexion and negative values dendension.
--Table 1--

The only parameter that changed significantly wi@sRoM in swing, which increased significantly

(p=0.045) from V1 to V2 (Tables 1 and table A).

3.1.1 ICC and SEM
The mean ICC values were high for all parametetsvéen all visits (from 0.96 to 0.97). The
reliability was higher between V2 and V3 than betwehe other visits as showed by higher ICC

(0.97) and lower SEM (2.01°) in V2vsV3 than in V¥Zsand V1vsV3 (see Table 2).

3.1.2 MDC Values
The mean MDC was lowest between V2vsV3 (5.86°) tim1vsV2 (7.20°) and V1vsV3 (6.48°)

(Table 2).

Table 2: ICC, SEM and MDC of kinematic parametefrshe paretic lower limb during the swing

(SwP) and stance phases (StP) of gait cycle. ThedbMDC values are in bold

--Table2--

3.2 Spatiotemporal parameters

Table 3 presents the values (means and SD) ofosgaiporal parameters during the three visits. All

the results of the ANOVAs are available in apperlixTable A.
Table 3: Spatiotemporal parameters with mean andtSach visit.
--Table3--

There were no significant differences between thkies of the spatiotemporal parameters for the

three visits.
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3.2.1 ICC and SEM
Mean ICC values were high for all parameters betwade visits (0.96 to 0.97). The reliability was
higher between V2 and V3 than between the othéiswas showed by higher ICC (0.97) and lower

%SEM (3.90%) in V2vsV3 than in V1vsV2 and V1vsVéésTable 4).

3.2.2 MDC values
The mean %MDC was lowest between V2vsV3 (11.45%h tim V1vsV2 (13.75%) and V1vsV3

(13.10%) (Table 4).

Table 4: ICC, SEM and MDC of spatiotemporal pararein paretic lower limb. The lowest MDC
values are in bold. The mean values of SEM and MIDE presented as percentages in order to

rationalize and compare the different units.

--Table 4--

4 Discussion

The purpose of this study was to determine the M@(paretic-limb kinematic and spatiotemporal
parameters in both swing and stance phase, evdldaigng 3D gait analysis, in order to improve
interpretation of the results of treatments ingra with hemiparesis following stroke. Reliabilityas
higher between the second and third visits thawdsen the first and second and first and third sisit
ICC values were higher and mean SEM and MDC value® lower. However, the differences in
reliability across sessions were small, likely hessaof the lack of differences in kinematic values
across sessions that resulted in high ICC valuas. fésult is in accordance with previous studies t
have also found a high reliability of raw kinematiata in a similar population of patients (Correa e

al., 2017; Devetak et al., 2016).

The aim of treatment is often to improve peak himpsion in stance, and peak knee and ankle flexion
in the swing phase of the gait cycle (Pomeroy, Kigllock, Baily-Hallam, & Langhorne, 2006). The
MDC values for these three parameters were lownatstden V2 and V3. There was a difference of 1°

to 3° in the MDCs depending on the visits compaliéds is highly relevant considering the small, but
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statistically significant changes reported in thierature following various treatments (Bonnyaud et
al., 2014; Boudarham, Hameau, et al., 2013; No@key, Bagg, & Brouwer, 2009; Pradon et al.,
2011; Robertson et al., 2009; Roche, BoudarhamgdylaBonnyaud, & Bensmail, 2015). Some
changes reported in studies of patients with starkeclose to, or sometimes lower than, the sntalles
MDC defined in the present study. Roche et al, 82Gbund a significant improvement in peak hip
flexion during swing of 4.2° (MDC=9.1°) after BTiithe rectus femoris (Roche, Boudarham, et al.,
2015); Roche et al, (2015), Robertson et al, (2G08%) Boudarham et al, (2013) found significant
improvements in peak knee flexion in swing of respely 6.5°, 8° and 3.4° (MDC=6.5°) after BTl in
the rectus femoris (Boudarham, Hameau, et al., 2BbBertson et al., 2009; Roche, Boudarham, et
al., 2015). Pradon et al, (2011) found a signifidanrease in peak ankle dorsiflexion in stancd of
(MDC=5.4°) and a significant increase in peak kfiegion in swing of 6° to 10° (MDC=6.5°) after
BTI in the triceps surae (Pradon et al., 2011). &koet al, (2009) found a significant decrease in
plantarflexion at the end of the swing phase of 2MBDC=5.8°) after BTI in the triceps surae (Novak
et al., 2009). Bonnyaud et al, (2014) found a $igat increase in peak knee flexion during swifig o
2.5° (MDC=6.5°) after a single Lokomat session (Byaud et al., 2014). Thus, it is not possible to
know how much the change relates to the treatmedt ltow much to the repetition of the
measurements. Treatment also aims to improve pa#ds stride length and step length. The MDCs
for the former two parameters were lowest betwdensecond and third visits, while the MDC for
step length was lowest between the first and thisds. The changes in spatiotemporal parameters
reported in patients with stroke following treatnsemare often close to or below the MDC values
found in this study. Wallard et al (2015) foundiacrease in gait speed of 35 cm/s (MDC=14.6 cm/s)
and a 2 cm increase step length (MDC=6.3 cm) &terintensive sessions of lokomat training
(Wallard, Dietrich, Kerlirzin, & Bredin, 2015). Adt a single session of Lokomat training, Bonnyaud
et al, (2014) found a significant increase in gped of 5.4 cm/s (MDC=14.6 cm/s), of 3.1 step/min
in cadence (MDC=8.6 step/min) and 3.6cm in stegtleMDC=6.3 cm). Pradon et al, (2011) found a
significant increase in gait velocity of 17 cm/skd=14.6 cm/s), and a 7 cm increase in step length
(MDC=6.3 cm) and 15 cm in stride length (MDC=1118)cafter BTI in the triceps surae (Pradon et

al., 2011).

10
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Thus, statistically significant improvements in é&matic and spatiotemporal parameters are often
close to, or even below, the lowest MDC values tbim the present study. The purpose of these
comparisons is not to diminish the scientific impatthese studies, far from it. We believe that ou
study supports the need to decrease CMD valuesidlies using the 3D gait-analysis to evaluate the
effects of a treatment. This familiarization viskéems important to reduce as possible the MDC
values, but comparisons are only possible betwegulptions with similar characteristics such as
walking speed, thus this does not apply to allisgdso these comparisons should be used sparingly.
Indeed, in our study the average gait speed oémpiativas 0.77 m/s; in Roche et al., (2015) it wag 0
m/s, in Robertson et al., (2009) it was 0.52 nm€Boudarham et al., (2013) it was 0.61 m/s, in Bnad

et al., (2011) it was 0.55 m/s, in Novak et alQQ@®) it was 0.50 m/s, in Bonnyaud et al., (2014yas

0.76 m/s, in Wallard et al., (2015) it was 0.84m/s.

In contrast with our hypothesis, kinematic data eveery reliable across visits as shown by the
ANOVAs results (only one parameter shown a sigaiftcmodification between V1 and V2) and ICC
values (0.95 to 0.97). This is in accordance wité literature (Awad, Kesar, Reisman, & Binder-
Macleod, 2013; Correa et al., 2017; Devetak et8l16; Kadaba et al., 1989; McGinley et al., 2009).
Only hip RoM during swing differed between visitseoand two. Spatiotemporal data were also highly
reliable across visits as shown by the ANOVAs rss(ione significant ANOVASs) and ICC values

(0.96 to 0.97). This is also in agreement withliteeature (Cho, Lee, & Lee, 2015; Kesar et al120

A study of five 3D-analyses of treadmill gait found changes in mean peak knee and ankle angles or
standard deviations across sessions. The authersfdhe did not recommended the use of a
familiarization session (Awad et al., 2013). Howe\gait on a treadmill is different from gait over-
ground (Bayat, Barbeau, & Lamontagne, 2005; Brouwgarvataneni, & Olney, 2009; Kautz,
Bowden, Clark, & Neptune, 2011). The results of phesent study indicate that for over-ground gait
analysis, a familiarization session would incre#ise reliability of the data, particularly for hip
extension in swing and stance, as well as ankle Ro#tving which showed the greater decreased of

MDC value because of the familiarization visit.

11
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5 Conclusion

In conclusion, kinematic and spatiotemporal datemed during three 3D-gait analyses at intervals o
7 days were reliable. However, the MDC was lowegiveen the second and third visits, suggesting
that patients should attend a familiarization sesgrior to carrying out the actual evaluationsisTh
would ensure changes measured are related to éhgmint and are not an effect of the repeated

evaluations.

6 Limitations

The results of this study may not be generaliz&btde whole population of patients with strokecsin
the patients included all had moderate to good tfonal recovery (based on mean gait speed)
(Beyaert, Vasa, & Frykberg, 2015). In clinical pree, gait analyses may be carried out at intervals
greater than 7 days. It is possible that the rigliptand MDC may differ for intervals of 1 montloif

example. Further studies are required to test this.
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Supporting Information

S1 Table A: Results of statistical analyses foekiatic and spatiotemporal parameters.

--Table A--

11 Tables

Table 1: Kinematic parameters during the swing (B\WwRd stance phases (StP) of gait cycle.

Maximum values denote flexion/dorsiflexion and minim values denote extension/plantarflexion.

Description (degrees)
Kinematic Parametel Gait Cycle Phases V1 V2 V3
mean SD| mean SO meanSD
. . SwP 3342 9.03 33.29 8.72 32.19.62
Hip Maximum Angle
StP 29.35 9.13 2881 9.09 27.919.1
o SwP 7.95 952 6.36 10.356.23 10.75
Hip Minimum Angle i
StP -2.05 992 -3.14 10.223.54 10.63
Hib RoM SwP* 2547 9.99| 26.93 11.3&5.96 10.4
P StP 314 119731.95 12.64 31.45 12.43
) SwP 43.97 15.07 43.2 14.28 44.25 15.2
Knee Maximum Angle
StP 3191 995 30.67 9.1 31.839.47
- SwP 12.21 9.65 11.36 8.91 11.19.32
Knee Minimum Angle
StP 1.74 10.01 0.77 9.39| 0.98 9.53
SwP 31.76 16.18331.85 15.41 33.05 16.52
Knee RoM
StP 30.17 9.14 299 79¢ 30.88.82
. SwP -0.2 6.22] -0.13 584 -0.07 6.12
Ankle Maximum Angle
StP 10.73 4.75 10.75 4.71 11.594.63
- SwP -10.33 6.68 | -10.28 5.94 | -9.59 6.72
Ankle Minimum Angle
StP -9.29 6.01) -895 569 -875 6.45
SwP 10.13 553 10.14 505 952 4.y8
Ankle RoM
StP 20.02 4.26 19.7 418 20.34.42

SwP: swing phase, StP: stance phase, RoM: rangeotibn. *indicate a significant modification

revealed by the ANOVA.
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Table 2: ICC, SEM and MDC of kinematic parametdrshe paretic lower limb during the swing (SwP) astdnce phases (StP) of gait cycle. The lowest

MDC values are in bold.

) i Gait ICC SEM (degrees) MDC (degrees)
Kinematic Parameters | Cycle
Phase
V1vsV2 V1vsV3 V2vsV3 V1vsV2 V1vsV3 V2vsV3 V1vsV2 V1vsV3 V2vsV3
. . SwP 0.93 0.94 0.94 3.21 3.09 3.12 9.36 9.01 9.12
Hip Maximum Angle
StP 0.95 0.95 0.96 2.92 2.58 2.50 8.54 7.52 7.28
. . SwP 0.93 0.94 0.97 3.58 3.22 2.59 10.44 9.39 7.56
Hip Minimum Angle
StP 0.9¢ 0.9% 0.9¢ 3.2¢ 2.9¢ 2.22 9.5¢ 8.6¢ 6.48
. SwP 0.98 0.99 0.99 1.87 1.61 1.66 5.47 4.69 4.85
Hip RoM
StP 0.99 0.99 0.99 1.55 1.41 1.37 4.53 4.13 4.01
. SwP 0.98 0.99 0.99 261 2.43 2.24 7.61 7.10 )
Knee Maximum Angle 654
StP 0.96 0.97 0.98 2.46 2.40 1.69 7.19 7.01 493
. SwP 0.96 0.97 0.98 2.61 2.24 2.02 7.62 6.53 5.90
Knee Minimum Angle
StP 0.97 0.98 0.98 217 212 1.87 6.34 6.18 5.47
SwP 0.98 0.99 0.98 2.80 2.20 2.91 8.16 6.43 8.49
Knee RoM
StP 0.9¢ 0.9¢ 0.9¢ 2.4¢ 1.€0 2.2¢ 7.12 5.25 6.52
. SwP 0.92 0.93 0.95 2.38 2.22 1.87 6.93 6.49 5.47
Ankle Maximum Angle
StP 0.91 0.91 0.92 1.94 1.83 1.71 5.65 5.33 4.99
. SwP 0.9: 0.9% 0.9% 2.4: 2.0C 1.9¢ 7.10 5.8¢ 5.69
Ankle Minimum Angle ‘
StP 0.9 0.95 0.94 2.57 2.01 2.14 7.50 5.86 6.24
SwP 0.92 0.89 0.99 2.08 2.33 0.70 6.08 6.80 2.05
Ankle RoM
StP 0.93 0.93 0.94 1.51 1.53 1.35 4.40 4.48 3.95
Mean 0.95 0.96 0.97 2.47 2.22 2.01 7.20 6.48 5.86
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Table 3: Spatiotemporal parameters with mean andtach visit.

Description

Spatiotemporal Parameter V1 V2 V3

mean SD | mean SD | mean SD
Gait speed (cm/s) 77.44 23.03| 80.17 26.56| 80.03 23.25
Stride length (cm) 97.02 19.04| 98.29 21.58| 98.32 18.96
Cadence (step/min) 94.44 12.69| 96.12 15.13| 96.52 14.35
Step length (cm) 50.48 8.94 | 51.34 9.68 | 51.36 8.19
StP (%) 60.41 5.41 | 60.53 5.37 | 60.35 5.05
SwP (%) 39.59 541 | 39.47 5.37 | 39.65 5.05
Width (cm) 19.99 4.79| 19.96 4.89 20.38 44
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Table 4: ICC, SEM and MDC of spatiotemporal paraareein paretic lower limb. The lowest MDC values grbold. The mean values of SEM and MDC are

presented as percentages to rationalize and cortipadifferent units.

Spatiotemporal Parameters IcC SEM MDC
V1vsV2 V1vsV3 V2vsV3| V1vsV2 V1vsV3 V2vsV3 V1vsV2 VWEV3  V2vsV3

Gait speed (cm/s) 0.96 0.96 0.98 6.38 6.08 5.03 18.54 17.67 14.61
Stride length (cm) 0.98 0.98 0.98 4.38 4.13 411 12.73 12.02 11.96
Cadence (step/min) 0.95 0.95 0.98 4.06 4.09 2.95 11.81 11.9 858
Step length (cm) 0.96 0.97 0.96 2.42 2.18 2.42 7.02 6.33 7.02
StP (%) 0.96 0.97 0.97 1.52 1.30 1.24 4.42 3.79 3.60
SwP (%) 0.96 0.97 0.97 1.52 1.30 1.24 4.42 3.79 3.60
Step width (cm) 0.97 0.96 0.98 1.03 1.12 0.85 3.00 3.25 247
Mean (% for SEM and MDC) | 0.96 0.97 0.97 4.66 4.32 3.90 13.75 13.10 11.45
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Table A: Results of statistical analyses of all $patiotemporal and kinematics parameters duringgphase (SwP), stance phase (StP). RoM meansRang

of Motion (amplitude total between flexion and exdi®n).

o Non Normal
Normal Distribution Distribution
Variable Phase P HSD Tukey Variable Phase _ . P Wilcoxon
Anova Friedman
V1VSV2 V1VSV3 V2VSV3 V1VSV2 V1VSV3 V2VSV3
Hip RoM SwP 0.01* 0.01* 0.58 0.12 [Minimum Hip Angle | SwP  0.36 - - -
StP 0.33 - - - [Minimum Knee Angle| SwP  0.75 - - -
Maximum Hip Angle SwP 0.32 - - - |Maximum Knee Anglg StP 0.03* 0.68 0.81 0.53
StP 0.16 - - " lknee RoM SwP  0.11 - - -
Minimum Hip Angle | StP 0.17 - - - StP 0.22 - - -
X'r?;é““m Knee SwP 029 - - - X'r'glrgum Ankle stP 084 - - -
Minimum Knee Anglg StP  0.22 - - - |Ankle RoM SwP  0.11 - - -
Maximum Ankle SwP 0.97 - - - | Stride 0.12 - - -
Angle StP 0.17 - - - | Cadence 0.08 - - -
X'r']'glrgum Ankle swP 039 - - - |stP 033 - - -
Ankle RoM StP 0.31 - - - | SwP 0.33 - - -
Gait speed 0.18 - - - |Width step 0.08 - - -
Step length 0.32 - - -
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