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Abstract: Given the paucity of longitudinal data in gait recovery after stroke, we compared tem-
porospatial gait characteristics of stroke patients during subacute (<2 months post-onset, T0) and at
approximately 6 and 12 months post-onset (T'1 and T2, respectively) and explored the relationship
between gait characteristics at TO and the changes in gait speed from T0 to T1. Forty-six partici-
pants were assessed at TO and a subsample of 24 participants at T2. Outcome measures included
Fugl-Meyer lower-extremity motor score, 14 temporospatial gait parameters and symmetry indices
of 5 step parameters. Except for step width, all temporospatial parameters improved from TO to
T1 (p < 0.0001). Additionally, significant improvements in symmetry were found for the initial
double-support time and single-support time (p < 0.0001). Although group results at T2 were not
different from those at T1, the individual analysis revealed that 42% (10/24) of the subsample showed
a significant increase in gait speed. The increase in gait speed from TO to T1 was negatively correlated
with gait speed and stride length, and positively correlated with the symmetry indices of stance and
single-support times at TO (p < 0.002). Temporospatial gait parameters and stance time symmetry
improve over the first 6 months after stroke with an apparent plateau thereafter. Approximately 40%
of the subsample continue to increase gait speed from 6 to 12 months post-stroke. A greater increase
in gait speed during the first 6 months post-stroke is associated with initially slower walking, shorter
stride length, and more pronounced asymmetry in stance and single-support times. The improve-
ment in lower-extremity motor function and bilateral improvements in step parameters collectively
suggest that gait changes over the first 12 months after stroke are likely due to neurological recovery,
although some compensation by the non-paretic side cannot be excluded.

Keywords: gait speed; temporospatial parameters; subacute stroke; stroke recovery

1. Introduction

Gait recovery after stroke has been a topic of interest for years. Marked improvements
in gait have been demonstrated following conventional rehabilitation or specialized gait
training in the first few months after stroke based on clinical scales such as the Functional
Ambulatory Category or gait speed from a timed 10 m walk [1-6]. However, only a few
studies investigated gait kinematics throughout recovery, and longitudinal data beyond
6 months post-stroke are scarce.

Within the first few months of stroke, cross-sectional studies revealed slower gait speed
with reduced stride length and cadence in comparison to healthy adults [7-9]. Asymmetry
in step parameters is also prominent such as shorter stance, initial double-support, and
single-support times (as a percentage of the gait cycle time, %GC) and lower step cadence
on the paretic side [8,9]. Gait speed is positively correlated with stride length, cadence, and
single-support time and negatively associated with stance and double-support times [7-9].
Gait speed is also significantly associated with select symmetry measures and clinically
assessed motor impairments [7-9].

Longitudinal studies during the first few months of stroke reported significant in-
creases in gait speed, stride length, cadence, step length, and single-support time [10-14].
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The 5 m speed within a week of stroke is positively correlated with the speed at 6 months
post-stroke (r = 0.82) [15]. Studies that followed stroke participants up to a year post-stroke
reported no improvement in clinical gait measures beyond the first few months [3,16-19],
but changes in temporospatial gait parameters were not examined.

Temporospatial gait symmetry is believed to reflect gait quality [20]. Changes in gait
symmetry during recovery were not as consistently found as changes in temporospatial
gait parameters. Shin et al. [21] studied 6 men over 12 weeks of physical therapy starting
within 1 month of stroke and reported a significant improvement in step length asymmetry
but not step time asymmetry. Conversely, a decrease in swing time asymmetry but not step
length asymmetry was reported in 61 participants from inpatient rehabilitation discharge
(13-102 days post-stroke) to 6 months later [20]. Finally, significantly reduced asymmetry
in both step length and step time was found after 10 weeks of gait training in 37 individuals
within 1 month of stroke [13].

Given the paucity of longitudinal data, we examined here the changes in temporospa-
tial gait parameters and Fugl-Meyer lower-extremity motor score (FM-LE) from within
2 months to 12 months post-stroke. We hypothesized significant changes from the initial
evaluation within 2 months of a stroke to the 6-month evaluation (hypothesis 1) but not
from 6 to 12 month evaluation (hypothesis 2). Since gait speed is a reliable marker of
ambulatory function after stroke but it is unknown whether early gait and motor impair-
ments are related to the change in gait speed over time, we tested the hypothesis that initial
temporospatial gait parameters and FM-LE would be associated with the change in gait
speed at the 6-month evaluation (hypothesis 3). Because individual-level outcomes can
provide additional insights into stroke recovery [18,22], we examined in each participant
the changes in gait speed between the initial and 6-month evaluations as well as between
the 6- and 12-month evaluations.

2. Materials and Methods
2.1. Participants

The inclusion criteria for this study were first documented stroke in the preceding
2 months, able to follow simple instructions, able to walk independently for 7 m with
or without assistive devices, and no artificial lower-extremity joint replacement. After
completing initial evaluation shortly before discharge from inpatient rehabilitation (T0),
the participants were invited to return for a follow up at approximately 6 months (T1) and
12 months (T2) post-stroke. All participants signed the informed consent form approved
by the institutional review board (IRB) and received the IRB-approved travel allowance for
each follow up.

Prior to gait evaluation, the paretic limb was assessed using the FM-LE motor sec-
tion [23,24] (range 0-34, not performed on few occasions because the research therapist was
not available). Muscle hypertonia was assessed in 10 muscle groups around the hip, knee,
and ankle joints on the paretic side using the modified Ashworth scale (range 0-5) [25].

2.2. Gait Evaluation

Because of changes in lab protocol, gait data were collected from 31 subjects with a
GAITRite (4.3 m in length, CIR Systems, Inc., Franklin, NJ, USA) or Zeno (6.1 m in length,
ProtoKinetics LLC, Havertown, PA, USA) electronic walkway. In 15 subjects, gait data
were collected over an 8 m hard surface walkway using 12 digital cameras operated at
60 Hz (Motion Analysis Corp., Rohnert Park, CA, USA), 5 force plates sampled at 1200 Hz
(Type 4060; Bertec Corp., Columbus, OH, USA), and the Helen Hayes marker system [26].
Participants were asked to walk back and forth along the walkway 4-5 passes in their
shoes at a self-selected comfortable free speed and with a customary assistive device, if
any (Table 1). Use of a short, non-rigid polypropylene ankle-foot orthosis on the paretic
side was allowed to prevent foot drop. The agreement of temporospatial parameters
between the electronic walkway and motion capture system has been established for
stroke participants [27].
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Table 1. Subject demographics, Fugl-Meyer scores, and average (SD) gait speeds at initial evaluation (T0) and at approxi-
mately 6 (T1) and 12 months (T2) post-stroke along with changes in gait speed. Bold IDs indicate hemorrhagic strokes (all
others ischemic). If used, the assistive device is indicated next to speed (see footnotes).

ID Sex Age BM Onsetto T0O Paretic Paretic FM-LE Gait Speed [cm/s] Speed Change [cm/s]
[year] [Days] Side TO T1 T2 TO T1 T2 T1-TO * T2-T1%
1 M 74 27 16 L na 33 - 200)WY 85 (5) € - 65.5 -
2 M 74 26 16 L na 24 27 373)W 3665)W  63(5)¢€ —-0.8 27.2
3 M 8 23 12 L 30 34 - 79 (5) 87 (4) - 7.3 -
4 M 65 26 13 L 32 34 - 72 (6) 128 (7) - 56.0 -
5 F 54 25 14 L 24 27 - 59 (7) € 78 (6) € - 18.2 -
6 M 59 28 22 L 6 22 - 7@  64(3)0C - 56.5 -
7 M 72 36 11 L 31 32 32 @)W 85 (7) 91 (4) 21.7 6.4
8 M 73 35 20 R 32 na 34 78 (5) 113 (6) 132 (4) 34.6 19.0
9 F 63 36 25 R 28 3 - 20)F€ 16 (2) W - —4.6 -
10 M 4 30 15 L 18 33 27 46(4)C 151 (3) 151 (6) 104.7 0.5
1 M 55 26 17 R 6 19 21 16(2)°€ 50 (2) € 52 (2) € 34.3 26
12 F 70 30 21 R 23 31 - 17 (2) 76 (9) - 58.0 -
13 F 39 32 14 L 28 29 - 36 (2) 124 (10) - 87.8 -
14 M 49 32 12 R 14 20 -  12(1)°¢  37@3)°C - 24.6 -
15 F 61 23 22 L 30 34 34 107 (5) 140 (10) 141 (9) 33.2 0.9
16 F 48 38 29 L 14 24 - 16(3)C  102(13)€ - 86.0 -
17 M 49 33 11 R 17 33 30 28 (4) 116 (9) 104 (8) 88.1 —12.8
18 M 67 26 24 R 27 na - 19 (2) € 25 (4) € - 5.2 -
19 F 73 24 15 L 30 34 32 60(7)€ 94 (12) € 92 (6) 34.5 —24
20 M 65 29 12 L 33 34 30 102(3) 94 (7) 102 (3) -75 7.5
21 M 48 33 15 L 23 29 - 48 (3) 87 (4) - 39.3 -
2 M 76 28 9 L 24 34 31 123 (3) 129 (9) 120 (10) 5.2 -9.0
23 M 56 25 38 L 23 na na 364)°C  49@4)OC 412 °¢ 12.7 —8.1
24 M 57 28 60 L 21 32 32 26 (2) 44 (8) 114 (8) 17.5 70.4
25 F 75 21 12 R 29 32 - 48(3)W 123 (7) - 75.2 -
26 F 75 23 38 L 33 34 - 133 (9) 137 (5) - 42 -
27 F 57 31 52 R 25 29 25 85 (4) 94 (8) 91 (6) © 8.9 —24
28 F 44 33 48 R 23 29 - 73 (5) 99 (5) - 25.6 -
29 F 32 33 31 L 26 28 - 54 (3) 77 (4) - 23.7 -
30 M 53 29 45 R 1 18 22 16MW 41 (3) € 45(2) € 24.8 3.9
31 M 63 27 35 L 24 28 - 9%(7)C 93 (4) - 3.4 -
32 F 61 35 42 L 25 32 29 85 (3) 83 (9) 89 (8) 2.0 5.4
33 F 51 22 17 R 26 na - 109 (6) 129 (12) - 19.4 -
34 F 54 33 34 L 27 27 - 56 (10) 59 (12) € - 29 -
35 F 67 41 17 L 29 34 27 79 (7) 87 (10) 107 (9) 8.0 19.6
36 M 48 32 41 R 24 25 29 26(3)°C 85 (3) 96 (6) © 58.9 10.7
37 F 61 24 42 L 25 32 29 15 (2) 83 (8) 89 (8) 67.7 5.5
38 M 57 26 32 R 18 18 12 152)%¢ 48(3)°¢ 65(5° 32.2 16.9
39 M 66 30 16 L 28 30 33 115(17) 119 (8) 113 (10) 3.6 —54
40 M 57 25 28 R 30 30 30 111(10) 139 (3) 154 (6) 27.9 15.2
41 F 55 33 14 R 21 27 - 33 (1) 118 (10) - 85.3 -
4 F 49 34 53 R na 25 25 83 (6) 112 (15) 102 (9) 29.5 —~10.4
43 F 51 22 14 R 26 29 29 109 (6) 129 (12) 123 (11) 19.2 5.6
4 M 71 28 22 L 28 27 29 74 (6) 93 (10) 110 (4) 19.1 16.7
45 M 64 27 22 R 19 22 - 202) € 86 (7) € - 66.1 -
46 F 65 27 33 L 13 13 -  15QW 38 (4) € - 23.1 -
Mean 59.7  29.0 25.0 243 284 282 562 88.9 99.7 326 6.9
SD 1.1 47 13.3 58 53 49 36.5 24.2 30.9 29.5 16.9

Significant speed change in bold: * from TO0 to T1 (p < 0.0011); ¥ from T1 to T2 (p < 0.0021). Negative change in speed (i.e., a decrease in
speed) in red. Assistive device use: © ankle-foot orthosis, © cane, and " walker. BMI: body mass index; FM-LE: Fugl-Meyer lower-extremity
motor score; na: not available; M: male; F: female; L: left; R: right.
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2.3. Data Reduction

For data collected using an electronic walkway, GAITRite (CIR Systems, Inc.) or
PKMAS (ProtoKinetics LLC) software was used to export the toe and heel locations and
timing of each initial foot contact and toe-off. For data collected by a motion capture
system, OrthoTrak Gait Analysis software (Motion Analysis Corp) was used to process
marker location data and to determine footfall instants based on a combination of ground
reaction force and foot kinematics [28]. Only strides that occurred in the mid-section of the
walkway were included in subsequent analyses and performed using a custom program
written in MATLAB (The MathWorks, Inc., Natick, MA, USA). As a result, 10-25 gait cycles
were analyzed for each participant at each time point.

A gait cycle (GC) was defined by two consecutive initial foot contacts of the same
foot. Only full gait cycles were analyzed based on the presence of all 5 critical instants
(first ipsilateral initial foot contact, contralateral toe-off, contralateral initial foot contact,
ipsilateral toe-off, and next ipsilateral initial foot contact). The 14 analyzed temporospatial
parameters were gait speed, stride length, stride cadence, step width, and paretic and
non-paretic stance time (%GC), early double-support time (%GC), single-support time
(%GC), step length, step cadence.

Temporospatial symmetry was assessed with a symmetry index {SI = (paretic — non-
paretic)/[0.5 x (paretic + non-paretic)] x 100%} for each of the 5 step parameters [8]. This
computation of SI is preferred for descriptive purposes because it indicates both the direc-
tion and magnitude of the asymmetry. However, absolute SI values were used in statistical
analysis to emphasize the magnitude of deviation from ideal symmetry (i.e., SI = 0) regard-
less of direction [29]. This way, changes in SI from 10% to —5% and from 10% to 5% are
considered equal improvements (i.e., trending toward zero SI).

2.4. Statistical Analysis

Mean and SD were calculated for FM-LE and 19 temporospatial/SI parameters at
each of the 3 evaluation points. For the first 2 hypotheses, these outcome measures were
compared between TO and T1 (hypothesis 1, N = 46) and between T1 and T2 (hypothesis
2, N = 24) using a 2-tailed paired t-test. The third hypothesis was tested by deriving
coefficients of correlation between the change in gait speed from T0 to T1 and each outcome
at TO. Because the included variables were not normally distributed (skewness > £1), the
Spearman rank correlation was calculated. To adjust for the total of 20 outcomes, the level
of significance was set at « = 0.0025 (0.05/20) for the paired t-tests and correlations.

To determine a global gait outcome for each participant, we performed a Welch's
unequal variances f-test on gait speeds between two consecutive evaluations [30,31]
(Table A1). Given the sample size of 46 at T1 and 24 at T2, the Bonferroni-adjusted al-
pha levels for the comparisons between T0 and T1 and T1 and T2 were 0.0011 (0.05/46) and
0.0021 (0.05/24), respectively. In case of a significant change in speed, the sign (positive or
negative) was used to designate speed increase or decrease. A non-significant Welch’s t-test
was taken as no change in speed.

3. Results

Of the 46 participants examined initially (T0) and at the first follow up (T1), 24 returned
for the second follow up (T2). The TO evaluation occurred at 25 & 13 days post-stroke
(range 9-60 days, median 21.5, interquartile range 14-34), T1 at 6.6 & 0.7 months post-
stroke (range 5.5-8.2 months), and T2 at 12.7 £ 0.4 months post-stroke (12.0-13.7 months).
The baseline characteristics of the participants that returned for the second follow up
(n = 24) were not significantly different from those that were lost (n = 22) in terms of
age (58 £ 13 vs. 61 £ 10 years, p = 0.623, 2-tailed unpaired t-test), time post-stroke
(23 £10vs. 27 £ 16 days, p = 0.267), FM-LE (24 £ 6 vs. 25 £ 6, p = 0.610), and gait
speed both at TO (48 & 35 vs. 64 37 cm/s, p = 0.128) and T1 (85 & 35 vs. 92 + 34 cm /s,
p = 0.467).



Brain Sci. 2021, 11, 1648

50f 14

Based on self-report, all participants received outpatient physical and/or occupational
therapy between T0 and T1 during the first 2-3 months post-discharge (2-3 times per week).
Only one participant reported receiving regular physical therapy between T1 and T2. They
received outpatient therapy at different clinics throughout the state, in which the content
of the therapy was not possible to monitor prospectively or retrieve retrospectively.

Table 1 shows demographic, clinical, and gait speed data along with the use of an
ankle-foot orthosis (AFO) and walking aids (if any) at each time point. The changes in
gait speed between the consecutive evaluations are also given. Aside from the Ashworth
score of 1in 6/460 (1.3%) paretic muscle groups at TO (1 group in 4 participants, 2 groups
in 1 participants), all other scores were 0 including at T1 and T2. Compared to those who
did not use an assistive device at TO (1 = 29), the users of an AFO and/or walking aids
(n =17) had lower FM-LE (21.4 £ 6.0 vs. 25.8 & 5.1, p = 0.015 2-tailed unpaired ¢-test) and
gait speed (42 £ 30 vs. 64 £ 38 cm/s, p = 0.044).

In terms of the changes from TO to T1 (first hypothesis), both FM-LE motor score
and gait speed significantly increased, the latter being due to significant increases in both
stride length and cadence (Figure 1). Bilaterally decreased stance and early double-support
time and increased single-support time, step length, and step cadence were also found.
Significant improvements in symmetry (SI trending towards zero) were detected in the
early double-support and single-support times, and step cadence. The effect size of the
reported significant differences between T0O and T1 falls in the moderate to large range
(0.58 to 1.21). As for the changes from T1 to T2 (hypothesis 2), no significant differences
were found (Figure 2). Means and SDs for all outcome measures at different time points
and corresponding p- and Cohen’s d values are given in the online supplement (Table S1).

Regarding the third hypothesis, the change in gait speed from TO to T1 correlated
negatively with the initial (T0) gait speed, stride length, paretic single-support time, step
length, step cadence, and non-paretic step length and positively with the non-paretic stance
time and SIs of stance and single-support times (Figure 3). All significant correlations were
moderate (17| =0.44-0.55) [32,33].

Figure 4 shows gait speed trajectories for individual participants. According to our
criteria, 35 out of 46 (76%) participants increased gait speed from TO to T1, whereas 10
(22%) showed no change and 1 (2%) decreased gait speed (Table 1). The initial FM-LE
was lower for the group that increased speed from T0 to T1 (23.1 & 5.9, n = 33) compared
with the group that did not increase the speed (28.1 &£ 3.3, n = 10). From T1 to T2, 10/24
(42%) participants increased the speed, and 2 (8%) decreased the speed. Among the 10 who
increased the speed between T1 and T2, 7 also did so between T0O and T1 whereas 3 did not.



Brain Sci. 2021, 11, 1648 6 of 14

_ 36 140 160 140 26
_,g *% *% *x — *%
—120 =
< 32 3 £140 £120 —2
w 5100 = @ 5
—28 L £120 2100 =
& = B 7 518
= @ 80 c L, RS
224 g D100 ® 80 3
z - 80 3 = o 14
20 T S 80 8 60 1 3
s | O 40 n 3 il
& 6 G = L10
&15 ~ 20 = 60 l ) 40 1
S © n=39
12— . ob— . 40— . 20— . B——
90 35 40 80 =140
— T U} ) £
3 Q *% — *% *%
Bes s Q35 70 @120
° 30 = o Q
X *%k @ o, L, 0]
— IS * @ .C60 -:"7)‘
0 80 = 30 S <4100
E Q25 E 2 8
= 5 - @90 2
@75 9 825 = G 80
8 % 20 “'.'j CD40 %
o = 0 ]
#70 > P20 & 30 o 60
14 @ vd o i)
o © 15 o ol 7]
Qg5 ot Q15 o x 40
= o £ o
80— — 10— . 10— . 10— — 5 20—
90- 5560 40 80 =140
6 s (O] (@] ** — *k g
(D854 550 (235 ETU 8_120 *k
X o =, L. @
) o 60 »
©80- £ 2 39 =3 2100
IS 40 E )
= 3 = @ 50 Qo
@75 0 S5 = @ 80
o £ o °
= B3 P 940 @
@ ° D » O
% 70 > @ 20 a o 60
o % o = 30 o
g 7]
Z65- o2 Z 15 20 o 40
3 = E b=
60— — =10b— : 10— . 10— — 9o 20—+
10 _ 40 15 100 20
X *%
— &, *k —_
£ ° 2 = o z e = ol g
g 0 = 0 o < 8
._g o £ B 60 c
° @ -20 =-15 c ©.-20
g5 ol S 2 40 8
c
kS 3 -40 2 & o
210 2 &30 & 40
w @ -60 _ 7] 20 12
— [ w - 7
815 ] 1 & -80 9-45 O ? :_._-60
= S
Ead ——— “100L_- : 60— : 207 : 80— :
ToO Ti ToO T 0O T TO T

Time post-onset: within 2 months (T0), 6 months (T1)

Figure 1. Box-and-whisker plots for the (a) Fugl-Meyer lower-extremity motor score, (b—o0) temporospatial gait parameters,
and (p-t) symmetry indices collected in 46 participants at baseline (T0) and at approximately 6 months post-stroke (T1).
Lines indicate the median value and the first and third quartiles, whereas the whiskers are the 5th and 95th percentiles. The
notch displays the 95% confidence interval around the median. Asterisks indicate significant differences between T0 and T1
atp <0.0025 (*) or p < 0.0001 (**). A negative symmetry index indicates a larger value on the non-paretic side. PR: paretic,
NP: non-paretic, SI: symmetry index, dbl-sup: double-support, and sgl-sup: single-support.
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Figure 2. Box-and-whisker plots for the (a) Fugl-Meyer lower-extremity motor score, (b—o0) temporospatial gait parameters,
and (p-t) symmetry indices collected in 24 participants at approximately 6 months (T1) and 12 months (T2) post-stroke (line,

whisker, and notch designations as in Figure 1). A negative symmetry index indicates a larger value on the non-paretic side.
PR: paretic, NP: non-paretic, SI: symmetry index, dbl-sup: double-support, and sgl-sup: single-support.
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and (p-t) absolute values of symmetry indices at TO and the change in gait speed from TO to T1. The associated P-values
are in parentheses and significant correlations (p < 0.0025) are in bold. PR: paretic, NP: non-paretic, SI: symmetry index,
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Figure 4. Trajectories of gait speeds of individual participants across T0, T1, and T2.

4. Discussion

The results of this study revealed significant improvements in residual motor function
of the paretic leg and temporospatial gait characteristics from 3—-4 weeks to 6 months
after stroke. However, no significant changes were observed between 6 and 12 months
post-stroke. At the individual level, 76% of the participants significantly increased gait
speed from 3—4 weeks to 6 months and 38% from 6 to 12 months post-stroke. The change in
gait speed at 6 months post-stroke was moderately associated with several temporospatial
and symmetry measures but not with the initial impairment of the paretic leg. As a group,
however, individuals who significantly increased the speed had greater initial impairment.

We recruited our participants from a pool of consecutive stroke admissions and close
to the time of discharge from inpatient rehabilitation, which is typically completed within
2 months post-stroke in the United States. Compared to other longitudinal studies, the
average gait speed of our sample at 3—4 weeks post-stroke (56 & 36 cm/s) is comparable to
the participants in Alingh et al. [10] (54 &= 36 cm/s, N = 32, < 10 week-post), but slower than
those in Duncan et al. [34] (65 £ 29 cm/s, N = 92, 76 £ 28 day-post), Rozanski et al. [20]
(88 £ 32 cm/s, N = 61, 44 £ 20 days post-stroke), and Aaslund et al. [15] (95 &+ 31 cm/s,
N =101, 5 £ 2 days post-stroke). Participants’ initial gait function needs to be related to the
timing of evaluation when comparing results from different longitudinal studies because
the changes over time are influenced by both factors.
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4.1. Longitudinal Changes

Overall, hypothesis 1 seems supported since significant differences between the initial
and 6-month evaluations were found for the paretic leg motor impairment in the paretic
leg (FM-LE) and almost all studied temporospatial gait parameters (17/19). These results
agree with previous reports of significant improvements in gait kinematics during the
first 6 months of stroke [10-12,21]. However, there are some discrepancies. For example,
contrary to the previous reports [10,11,21], we did not find significant changes in step width
and step length symmetry. The non-significant decrease in the mean SI of the step length is
likely due to the large sample variance in absolute SI values at two evaluation points (range
0 to 148% at TO and 0.2% to 140% at T1). The bilateral improvements in step parameters
suggest that the compensation by the non-paretic side was not the main contributor to the
overall better gait at 6 months post-stroke. Further evidence of improvements specific to the
paretic leg is the reduced asymmetry during the initial loading and single-support phases
(SI values of early double-support time and single-support time trending toward zero).

The findings of non-significant differences between 6 and 12 months post-stroke
support hypothesis 2. Nonetheless, both the mean (online supplement, Table S1) and
median (Figure 2) values suggest further improvements in most temporospatial parameters.
In aggregate, our results agree with other longitudinal studies reporting that the major
recovery of motor function takes place within the first few months of stroke [35—-40]. Less
prominent improvements in gait past first 6 months may be due to a decreased capacity
for neuroplasticity later in the course of recovery or no provision/less intense outpatient
therapy between 6 and 12 months post-stroke.

At the individual level, however, we did observe different changes in gait speed over
time (Figure 4) that were further analyzed statistically (Welch’s t-test). Approximately
75% of the initial sample improved gait speed at 6 months post-stroke and so did 40%
of the available sample at 12 months post-stroke. Among the latter, most (7/10) showed
steady improvements throughout the first 12 months whereas the remaining 3 (Table 1,
#2/#20/#35) showed no early but late improvement only. In comparison to the smallest
minimal detectable change (MDC)/minimal clinically important difference (MCID) for gait
speed (15 cm/s) from the stroke literature [41-45], 32 of our 46 participants (70%) would be
classified as improved in gait speed from T0 to T1, and 7 of 24 (29%) from T1 to T2. Only 3
of the 35 participants identified by the Welch's t-test did not meet the MDC/MCID criteria
suggesting that the selected method detected a reliable and meaningful change in gait
speed. Furthermore, in terms of the 3 ambulation classes based on gait speed [1,46], 20 (43%)
of our participants were household ambulators (<40 cm/s) at 3—4 weeks post-stroke and
15 of them (75%) progressed to limited community ambulators (40-80 cm/s) at 6 months
post-stroke. Similarly, 10 (71%) of the 14 initially limited community ambulators became
full community ambulators (>80 cm/s) at 6 months post-stroke. Overall, our findings
highlight the need to go beyond group analysis and focus on individual trajectories of
recovery when evaluating progress and outcomes of stroke rehabilitation [18,22].

4.2. Relationship between Change in Gait Speed and Initial Gait Measures

Hypothesis 3 was partially supported because only 9 out of 20 measures at TO were
significantly correlated with the change in gait speed from TO to T1 (Figure 3). In general,
the global gait parameters (speed, stride length/cadence) were inversely associated with
the speed change from T0 to T1. The weak correlation with FM-LE suggests that motor
impairment within the first 2 months by itself is a poor predictor of the change in gait
speed at 6 months post-stroke. This could not be attributed to the variable timing of the
initial assessment (T0) because the time from stroke to TO was not related to the initial
FM-LE (r = —0.20) or the speed change from T0 to T1 (r = —0.21). However, the initial
temporal asymmetry of stance and single-support (absolute values) was associated with the
later change in gait speed and more so than the initial spatial asymmetry. This reinforces
the view that temporal symmetry should be one of the focal points of gait analysis post-
stroke [7,8,47-49].
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4.3. Study Limitations

Because motor function can recover substantially within the first 2 months in cases of
initially mild strokes [38,50,51], some participants might have been close to the plateau in
gait recovery by the time of our initial evaluation (e.g., Table 1, #26). Nonetheless, some
early good walkers (#40) further improved but they were also younger, which may have
played a role. Thus, further studies should combine temporospatial with demographic
and clinical predictors of improvement in gait. Cautions should be taken when comparing
our findings with previous longitudinal studies [16,17,34] because our participants were
walking comparably slower at baseline. Like in most previous observational studies, the
inability to monitor or retrieve more details about the content of outpatient therapy that
the participants reported receiving during the first 3 months after discharge is a limitation
of this study. It is possible that the presented results underestimate the potential for gait
improvement if the participants did not receive sufficiently intense or focused gait training.
However, based on the adopted statistical and MCID criteria, the vast majority achieved
meaningful gains. Finally, some clinically relevant improvements in gait were not captured
in our analysis as there were participants who did not change gait speed over time yet they
progressed from a walker to a cane, from a quad cane to a single-point cane, or no longer
use an assistive device.

5. Conclusions

In patients who could walk within 2 months post-stroke, the most pronounced im-
provements in temporospatial gait occur during the first 6 months post-stroke with the
trend toward a plateau over the second 6 months. Still, approximately 40% of those who are
ambulatory at 34 weeks post-stroke continue to increase gait speed from 6 to 12 months
post-stroke. Slower ambulators and those with worse temporal symmetry show a greater
increase in gait speed from 3-4 weeks to 6 months post-stroke. The improvement in
lower-extremity motor function and bilateral improvements in step parameters collectively
suggest that gait changes over the first 12 months after stroke are likely due to neurological
recovery, although some compensation by the non-paretic side cannot be excluded.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/brainscil1121648/s1, Table S1: Mean (SD) Fugl-Meyer lower-extremity (FM-LE) motor scores
for the paretic leg and temporospatial gait parameters at initial evaluation (T0) and at approximately
6 (T1) and 12 months (T2) post-stroke.
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Appendix A. Determination of Speed Outcome

Because consecutive gait cycles between two sides overlap in time, the average stride
velocities over consecutive left/right gait cycles were used to avoid inflating the degrees of
freedom of a Welch’s unequal variances t-test (see the table below, last column). In case of
unequal number of left and right gait cycles in a walking trial, the outstanding gait cycle (*¥)
was excluded from the Welch'’s t-test.

Table Al. An example of stride velocities (cm/s) in a walking trial to depict data handling.

Stride # Left Right Average
1 65.3 65.6 65.5
2 73.7 74.5 74.1
3 71.9 69.4 70.6
4 64.6 * - -

* Absolute values used in the t-tests.
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