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ABSTRACT

Purpose. The study aimed to examine the validity of self-reporting as an additional method to indicate gait alteration among
patients with idiopathic normal pressure hydrocephalus. The score from self-reporting of gait alteration was validated with
the data obtained from gait pressure measuring plate. In addition, temporo-spatial gait parameters among 3 groups classified
by overall gait improvement (no change, slight, and good) were compared.

Methods. This study employed a cross-sectional design and investigated 31 patients with idiopathic normal pressure hydro-
cephalus. Gait performance was determined by a gait pressure measuring plate before and 24 hours after a tap test. Patients
rated the changed score for gait behaviours using a questionnaire once on the day after the tap test. Criterion validity of the
changed scores from patients’ self-reporting and data from the gait pressure measuring plate was examined. In addition,
temporo-spatial gait parameters were compared among 3 groups with one-way analysis of variance and the Bonferroni post-
hoc test to determine pairwise difference.

Results. Significant correlations were found for the temporo-spatial gait parameters between data from self-reporting and
the gait pressure measuring plate. Comparisons of temporo-spatial gait parameters among groups demonstrated significant
differences in all parameters.

Conclusions. Gait alteration identified by self-reporting was valid with gait performance measured by the gait pressure
measuring plate. To achieve timely and appropriate medical management, we recommend health care professionals to
request patients and caregivers to recognize gait alterations in assisting the disease progression identification.
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Introduction physiology of iNPH is still obscure and usually links
to the cause of a decreased cerebrospinal fluid (CSF)

Idiopathic normal pressure hydrocephalus (iNPH) absorption in the brain [3]. Moreover, in a large pro-

is an important cause of a clinical triad which consists
of gait disturbance, dementia, and urinary disturbance
[1]. The iNPH has no precipitating cause and its de-
finitive incidence remains unknown [2]. The patho-

portion of patients, iNPH remains either undiagnosed
or misdiagnosed [4, 5]. The iNPH is recognized as
a treatable disease but delayed or erroneous diagnosis
could lead to other complications or irreversibility when
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severe damage occurs to larger brain areas [4]. Depres-
sion complicated by hydrocephalus was reported in
a case study of a patient who was undiagnosed, but the
symptoms recovered after treatment with CSF drain-
age and appropriate antidepressant [6]. Hence, early
diagnosis and proper management contribute to a sig-
nificant reduction of symptoms and are crucial to low-
ering the cost of medical care [5, 7]. Although radiog-
raphy has developed and is widely used as the referenced
diagnosis method, clinical diagnostic criteria remain
the most important element in iNPH diagnosis [7].

Among clinical diagnostic criteria, gait disturbance
was the most frequently observed change (in approxi-
mately 77.7% of patients) [8]. In a study by Toma et al.
[9], gait was also considered the most important prob-
lem by both patients and caregivers. The occurrence of
gait disturbance among individuals with iNPH is caused
by subcortical motor control dysfunction rather than
primary pyramidal tract imbalance [10]. Abnormal
characteristics in patients with iNPH usually include
hypokinetic, shuffling, magnetic, and wide-based gait
[11-13]. Changes in gait parameters comprise decreased
gait speed, stride length, and step height, as well as in-
creased step width and foot angle [14-18]. An explana-
tion of the improved gait parameters after a tap test
may be supported by a previous exploratory imaging
study which demonstrated that patients with iNPH
who responded to a tap test had lower values of CSF
flow than the ones who did not respond [19]. Among
the clinical triad being assessed, changes in gait were
indicated as the most favourable parameter in diagnosis
and shunt effectiveness prediction [20, 21]. Clinical and
instrumental gait measurements provide beneficial
evidence to detect progression. Gait improvements after
a tap test among patients with iNPH may include in-
creased gait speed [12, 21-23], increased stride length
[12, 14, 23], and decreased time spent while walking
over the distance [24, 25]. In addition, changes in quality
of life and/or in clinical triad components are usually
monitored and set as important outcomes. The deter-
mination of whether the patient is responding to the
treatment or not often depends on the therapist’s judg-
ment, patient self-reporting, and findings from several
clinical assessments related to the individual prob-
lems of the patient.

The self-monitoring procedure, in which the pa-
tients observe their changing conditions of interest, of-
fers a potential advantage to allow patients or caregivers
to monitor their symptoms more frequently [26]. How-
ever, salient threats to the reliability of this informa-
tion may include misinterpretation, memory problems,

and poor motivation and compliance [26]. To re-eval-
uate management for this patient population, symptom
reports from patients and caregivers are crucial. There-
fore, reports concerning altered gait function need to
be validated. The aim of the study was to examine the
validity of self-reporting in gait alteration among pa-
tients with iNPH. In addition, gait parameters among
classified groups of improvement (no change, slight,
and good) were compared. We hypothesized that self-
reporting of gait alteration was feasible and valid enough
to be used as a tool to detect gait performance after
a tap test among patients with iNPH.

Material and methods
Participants

Neurologists or neurosurgeons diagnosed iNPH in
patients in accordance with the clinical guidelines of
the Japanese Society of Normal Pressure Hydroceph-
alus [27]. Inclusion criteria involved iNPH symptoms,
age of 60 years or more, presence of at least one of the
clinical triad symptoms (gait disturbance, cognitive
impairment, urinary incontinence), ventriculomegaly
assessed by magnetic resonance imaging, CSF pres-
sure of 200 mm H,O or less and normal CSF content,
and ability to walk at least 6 m with or without using
a device or assistance. Participants were excluded from
the study when they were unable to follow the instruc-
tions or to complete data collection. Prior to data col-
lection, all patients were informed about the study
details. Data were collected from November 2015 to
January 2017 at the Laboratory for Gait and Mobility
Analysis, Division of Neurology, Department of Med-
icine, Faculty of Medicine Siriraj Hospital, Mahidol
University.

Construction of the self-reporting questionnaire
of gait alteration

Six questions of the self-reporting questionnaire
of gait alteration were initially constructed; they re-
ferred to the common gait deviations presented by
patients with iNPH [14, 28]. Gait alterations after the
tap test were rated by patients and caregivers. The
questions included (1) overall gait, (2) step length, (3)
step time, (4) gait speed, (5) foot angle, and (6) stance
time. However, the last 2 questions (foot angle and
stance time) were finally excluded because most pa-
tients were unable to identify the change of foot place-
ment and the time spent during walking. Thus, the

97

Human Movement, Vol. 23, No 1, 2022



HUMAN MOVEMENT

S. Bovonsunthonchai et al., Gait in idiopathic normal pressure hydrocephalus patients

other 4 questions were used to determine the criteri-
on-related validity with gait data tracking from a gait
pressure measuring plate (Appendix A).

Owing to the impaired cognitive function in pa-
tients with iNPH, the assessors requested both patients
and caregivers to memorize how the patients walked
on the day before the tap test and they were asked
about gait changes again 24 hours after the tap test.

Instrumentation

The objective gait parameters were obtained with
a Zebris Force Distribution Measurement (FDM) plat-
form (dimensions: 307 x 60.5 x 2.1 cm [L x W x H],
Germany) with a sampling frequency of 100 Hz, syn-
chronized by a camera. The system automates the
acquisition, analysis, and reporting of the objective
temporo-spatial gait parameters using the WinFDM
software. The initial contact and toe-off events were de-
termined from pressure sensors while the feet touched
and lifted off the platform. Gait data were tracked in
the middle part of the FDM platform. The parameters
included step length, step time, stride length, stride
time, cadence, and gait speed. Step length and step time
were averaged from the left and right sides. Stride length
and stride time were derived from one gait cycle.

Protocol

Gait parameters were collected by using a gait pres-
sure measuring plate before the tap test and 24 hours
after the tap test. Each patient underwent a spinal
tap procedure, during which neurosurgeons removed
30-50 cc of CSF by lumbar puncture. The self-report-
ing questionnaire was used to detect any alteration
of gait between the pre- and post-tap-test status. To
reduce errors when collecting the data, the same dem-
onstration and instructions for gait assessment were
provided, i.e., ‘please walk at your usual comfortable
speed’. The participants walked with bare feet on a 3-m
platform at a comfortable self-selected gait speed for
2-3 trials, depending on their performance. Averaged
gait parameters from 2 successful trials were used in
further analysis. For safety, a physiotherapist walked
alongside each patient to assist or guard when needed.

Criterion validity and effect size
Criterion validity of the self-reporting of gait altera-
tion was examined with the changed scores (the dif-

ferent values between pre- and post-tap-test status)
obtained from the gait pressure measuring plate by
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using Spearman’s correlation coefficient (r,). Values
0f 0.20, 0.40, 0.60, and 0.80 were applied to represent
weak, moderate, strong, and very strong relationships,
respectively [29].

Power estimation

The main objective of the study was to investigate
the criterion validity of the self-reporting of gait altera-
tion with data obtained from the gait pressure meas-
uring plate. The correlation coefficient was used to
determine the relationship between the data from these
2 methods. The general recommendation for the sam-
ple size in the criterion validity study was at least 30
and not more than 500. Because the overall number
of subjects was 31, the significant correlation coeffi-
cient was expressed around 0.48-0.67. The power of
the study was re-evaluated with the G*Power software,
version 3.1.9.2, with the exact test, post-hoc method,
and alpha level set at 0.05. The power of the study was
achieved at 0.80 and 0.99, according to the values of
the correlation coefficient.

Statistical analyses

IBM SPSS software, version 20 (IBM Corp., USA)
was used for all data analyses, and descriptive statistics
were applied to determine the participants’ character-
istics. Normality was investigated with the Kolmogo-
rov-Smirnov goodness of fit test, which demonstrated
normal distribution. Correlations between the self-
reporting in gait alteration rated by patients and car-
egivers on the day after the tap test and the changed
score obtained from the gait pressure measuring plate
on the pre- and post-tap-test days were determined
by using Spearman’s rho (r;). Comparisons of gait pa-
rameters among the 3 groups of improvement in over-
all gait ability (no change, slight, and good) perceived
by patients and caregivers were determined with the
one-way analysis of variance. The Bonferroni post-hoc
test served to determine the differences between groups.
All data were tested with statistical significance set
at p < 0.05.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the authors’
institutional review board or an equivalent committee.
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Informed consent

Informed consent approved by the institutional re-
view board (COA No.: SI 340/2014) has been obtained
from all individuals included in this study.

Results

Overall, 36 patients with iNPH were recruited in
the study; 5 were excluded because of gout attack
(n = 1), feeling exhausted on the post-tap-test day
(n = 2), and impossibility to extract data from a very
short step length (n = 2). Thus, only 31 participants
remained in the study. Their characteristics are pre-
sented in Table 1. The number of the subjects who
rated for the items of the self-reporting of gait altera-
tion is illustrated in Figure 1. Of the total of 31 partici-
pants, only 1 reported a decrease in step time. A certain
number of patients reported no change for the step
length (n = 14), step time (n = 11), gait speed (n = 10),
and overall gait (n = 8). Many respondents reported
gait improvement of small to great extents after the tap
test for the step length (n = 17), step time (n = 19), gait
speed (n = 21), and overall gait (n = 23).

Number Step Iength

20

15

10

5

0 I Score
3 2 -1 0 1 2 3

Gait speed

20

15

10

5 I |

0
3 2 -1 0 1 2 3

Table 1. Characteristics of the participants (n = 31)

Parameters Values (mean + SD, or [n])
Age (years) 78.10 + 9.70
Sex (n) Female (14)
Male (17)
Weight (kg) 60.18 + 8.85
Height (cm) 160.23 £ 9.70
iNPH onset (months) 22.37 £ 6.66
MMSE-Thai 2002 (score)* 14.97 + 5.98
Gait aids usually used None (17)
in daily life (n) Cane (7)
Walker (7)
Assistance required None or under supervision (16)
when walking (n) Mild assist (8)

Moderate assist (6)
Maximal assist (1)

iNPH - idiopathic normal pressure hydrocephalus,
MMSE - Mini-Mental State Examination
* incomplete data (n = 29)

Step time
20

15
10

83 2 -1 0 1 2 3

Overall gait
20
15
10
O |
3 2 -1 0 1 2 8

Figure 1. Number of participants rating for the items of the self-reporting of gait alteration after spinal tap test
(-3: extremely worsened/decreased, -2: much worsened/decreased, -1: little worsened/decreased), 0: no change,
1: little improved/increased, 2: much improved/increased, 3: extremely improved/increased)
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Table 2. Correlations between data from the self-report and from the gait pressure measuring plate (n = 31)

Data from the gait pressure measuring plate

Self-report
Step length Step time Stride length ~ Stride time Cadence Gait speed
Sten Temath r, 0.352 ~0.535* 0.354 ~0.524* 0.610* 0.542*
pleng p 0.052 0.002 0.051 0.002 <0.001 0.002
Sten time 1, 0.500* -0.490* 0.496* -0.486* 0.540* 0.590*
P p 0.004 0.005 0.005 0.006 0.002 <0.001
Gait sheed r, 0.494* -0.623* 0.483* -0.629* 0.706* 0.670*
att spee p 0.005 <0.001 0.006 <0.001 <0.001 <0.001
Overall sait ry 0.605* ~0.573* 0.610* ~0.571* 0.633* 0.677*
8 p <0.001 0.001 <0.001 0.001 <0.001 <0.001

Statistical significance tested by Spearman’s rho ()
* correlation significant at p < 0.01

Table 3. Comparison of the changed score of gait parameters among different groups of participants

Groups of improvement

Gait parameters No change Slight improvement Good improvement p
(n=238) (n=14) n=9)

Step length (cm) -1.98 = 3.03 -0.24 = 2.07 2.95 + 2.47 0.001
Step time (s) 0.03 £ 0.11 -0.02 = 0.04 -0.08 = 0.06 0.010
Stride length (cm) -4.13 + 6.57 -0.24 + 4.35 6.08 + 4.64 0.001
Stride time (s) 0.07 £ 0.21 -0.03 = 0.10 -0.15 £ 0.11 0.007
Cadence (steps/min) -5.92 + 16.98 2.01 £ 5.17 9.19 = 4.67 0.011
Gait speed (km/h) -0.24 £ 0.31 0.02 £ 0.15 0.28 = 0.18 <0.001

Significance tested by one-way analysis of variance at p < 0.05

Correlation between the self-reporting
and the changed score from gait pressure
measuring plate

Data from the self-reporting rating by patients and
caregivers on the post-tap-test day were correlated with
the changed score of gait parameters detected by the
gait pressure measuring plate (Table 2). Almost all
parameters significantly correlated, except for corre-
lations of step length from self-reporting and step
length from gait pressure measuring plate data (r, =
0.352, p = 0.052), and step length from self-reporting
and stride length from gait pressure measuring plate

data (r, = 0.354, p = 0.051).

Comparison of the changed scores
of temporo-spatial gait parameters
among different groups of improvement

Patients with iNPH were classified into 3 groups

in accordance with the overall gait improvement per-
ceived by patients and caregivers on the post-tap-test
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day. Eight participants reported no change, 14 indi-
cated slight improvements, and 9 pointed at significant
improvements. Therefore, 3 classification groups were
set: no change, slight improvement, and good improve-
ment.

Comparisons of temporo-spatial gait parameters
among these 3 groups are reported in Table 3. Signifi-
cant differences were found among the 3 groups of
participants in all gait parameters (p < 0.05). By using
the Bonferroni post-hoc analysis, significant differ-
ences were determined for step length between the
no-change and good improvement groups (p = 0.001)
and between the slight and good improvement groups
(p = 0.015), whereas no significant difference was ob-
served between the no-change and slight improvement
groups (p = 0.366). For the step time, a significant dif-
ference was found between the no-change and good
improvement groups (p = 0.008), but not between the
no-change and slight improvement groups (p = 0.354)
or between the slight and good improvement groups
(p = 0.146). For the stride length, significant differences
were established between the no-change and good im-

Human Movement, Vol. 23, No 1, 2022
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provement groups (p = 0.001) and between the slight
and good improvement groups (p = 0.021), but not
between the no-change and slight improvement groups
(p = 0.284). For the stride time, a significant difference
was found between the no-change and good improve-
ment groups (p = 0.006), but not between the no-
change and slight improvement groups (p = 0.346) or
between the slight and good improvement groups
(p = 0.111). For the cadence, a significant difference
was observed between the no-change and good im-
provement groups (p = 0.009) but not between the no-
change and slight improvement groups (p = 0.212) or
between the slight and good improvement groups
(p = 0.266). Additionally, gait speed demonstrated
significant differences between the no-change and
slight improvement groups (p = 0.024), between the
no-change and good improvement groups (p < 0.001),
and between the slight and good improvement groups
(p = 0.021).

Discussion

For the self-reporting, we constructed the question-
naire with brief questions referring to gait deviations
in patients with iNPH. This method followed the rec-
ommendations for designing and administering ques-
tionnaires, which should focus only on the data nec-
essary to plan the analysis [30]. Also, lengthy or
complicated questionnaires may create a burden in
routine clinical use. Response burden has been re-
ported as a result of low response rate, and reduced
questionnaire completion and data quality. The burden
may be particularly problematic for specific popula-
tions such as the elderly, children, and individuals
with illnesses [31]. Therefore, at present, questionnaires
are constructed to use a short form. In order for the
patients to remember the alteration of gait character-
istics, the questionnaire items focused on simple gait
parameters, such as time, distance, and speed. The
self-reporting of gait alteration was rated on a 7-item
scale, as shown in Appendix A. This scale helped the
patients to realize their gait changes in the direction
of improving or worsening only. It could not provide
values of gait parameters, so therapists should meas-
ure objective gait data concurrently. However, some
initial questions were removed because of the diffi-
culty in rating the changes. As a result of cognitive
impairment, being one of the cardinal signs among
these patients, the number of questions was reduced
to make the questionnaire easier.

Another point of importance was the period before
rating the change in gait by the participants. We re-

quested all patients and caregivers to recognize the gait
performance on the day before the tap test and asked
them to rate the changes 24 hours after the tap test.
Although the self-reporting in gait alteration was cre-
ated to be straightforward and had a good correla-
tion with the objective gait measurement outcomes,
the process of self-monitoring requires confidence that
the instruction was properly explained to the partici-
pants. Salient threats may also include memory prob-
lems and poor motivation or compliance [26].

Correlation between the self-reporting
and the changed score from gait pressure
measuring plate

The correlation between the data from self-report-
ing and the gait pressure measuring plate allowed us
to ensure that the patients’ self-monitoring of gait al-
teration was valid. Thus, therapists should advise pa-
tients and their caregivers on the importance of being
aware of any changes in walking. The results of this
study demonstrated that information from patients
with iNPH was valid and consistent with the data ob-
tained from the gait pressure measuring plate. This
subjective information could assist therapists to better
design and manage further treatment. Only one re-
lated study investigated the relationship between per-
ceived and measured changes in walking among stroke
patients. Before and after a 3-month exercise program,
perceived changes were assessed by using a 15-point
scale and measured changes were determined with
the 6-minute walk test, at self-paced and fast-paced
gait speeds. The results demonstrated a moderate level
of correlation between the perceived and the measured
changes. However, no correlations between measured
and perceived changes in self- and fast-paced gait
speeds were observed [32].

Patients’ self-reporting evaluation of gait alteration
after a tap test with an objective gait measurement
was performed in a previous study [21]. However,
a false-positive result was found in up to 83% and
almost 67% of true positive results were reported. The
difference between the study findings may relate to
the criteria used for determining responders and non-
responders by the objective gait measurement with
a 20% increase or decrease of gait speed after the tap
test compared with the status before the tap test. The
self-reporting consisted in patients’ indicating ‘yes’ or
‘no’ for the feeling of gait improvement after the tap
test. Owing to the different data collections and analy-
ses between studies, the present study investigated
almost all correlations of the self-rating in gait alteration
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with the data obtained by the gait pressure measur-
ing plate. The perceived change rated by patients on
step length and stride length showed no correlation with
data from the gait pressure measuring plate. This may
be caused by difficulty in recognizing or a greater vari-
ability of distance compared with temporal parame-
ters [33].

Comparison of the changed scores
of temporo-spatial gait parameters
among different groups of improvement

The participants were classified into 3 groups of
improvement based on overall gait performance: no
change, slight, and good groups. Obvious differences
in gait parameters were observed among the groups.
After the tap test, the good improvement group dem-
onstrated that all gait parameters had improved, with
increased step length, stride length, cadence, and gait
speed, as well as decreased step time and stride time.
The slight improvement group presented decreased
step and stride times and increased cadence and gait
speed, with minimally decreased step and stride
lengths. The no-change group revealed a tendency of
worsening in all gait parameters. In general, patients
with iNPH could be categorized as responders and non-
responders to the treatment [19, 21, 28]. Classifica-
tion is usually evaluated by observation from doctors
accompanied by feedbacks from patients and car-
egivers. However, patients who experience no change
or obscured alteration (unable to indicate improving
or worsening of the symptoms) may be classified as
non-responders.

The treatment results in iNPH may be influenced by
comorbidities, delayed diagnosis, and/or inappropriate
management, contributing to complications and diffi-
culties to resolve [4-6, 34]. However, the pathogenesis
of this disease is not yet clearly understood and is sug-
gested to be related to the CSF drainage system [3].
Gait has been demonstrated as one of the important
sensitive outcomes of the tap test and is usually used
as the key identifier for prognosis [20]. Nevertheless,
the improvement of gait could be confounded with the
aspect of assessing time. A previous study by Schniepp
et al. [21] demonstrated that the maximum improve-
ment of gait speed occurred 1-2 days after the tap test
and the maximum gait parameters assessed with the
dual task appeared 2-3 days after the tap test. Gal-
lagher et al. [35] evaluated gait speed using a 10-m
walk test 2—4 hours after the tap test in iNPH patients.
They found a significant increase in gait speed of
0.08 m/s in responders as compared with non-re-
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sponders. In the present study, we observed a greater
improvement of gait speed (0.52 km/h or 0.14 m/s) in
the good group than in the no-change group. For the
other gait parameters, the good group showed increased
step length of 2.95 cm, decreased step time of 0.08 s,
increased cadence of 9.19 steps/min, and increased
gait speed of 0.28 km/h (0.08 m/s) when compared
with the no-change group. Unfortunately, there is no
previous report regarding the significant clinical change
in iNPH. The minimal detectable change with a 95%
confident interval (MDC95) of 0.10 m/s was shown
to be clinically significant in low gait capacity stroke
patients (the ones who walked slower than 0.4 m/s)
[36] and the minimal detectable change with a 90%
confident interval (MDC90) of 9.4 cm/s (0.094 m/s)
of gait speed was reported for patients with Alzhei-
mer disease [37]. In addition, MDC95 for the step
time of 0.042 s and for the step length of 0.047 m
were observed in the elderly [38]. Therefore, it can be
difficult to conclude whether such a change reaches
the level of clinical change or not, as there is no rele-
vant database in iNPH. Another point which should
be taken into consideration may include the extent of
data deviation.

This study may have a limitation with the other 2
factors of the clinical triad not being determined. Moni-
toring of the change in gait over a period longer than
1 day should be studied and a greater sample is needed
in future.

Conclusions

This study demonstrated that the self-reporting of
gait alteration was valid with the results obtained by
using a gait pressure measuring plate. To achieve timely
and appropriate medical management, we recommend
health care professionals to request patients and car-
egivers to recognize gait alterations in assisting the dis-
ease progression identification.
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Appendix A. Self-reporting in changed gait ability after a spinal tap test

Score
Item
-3 -2 -1 0 1 2 3
Overall gait Extremely Much Little No change | Little . Much Extremely
worsened worsened worsened improved improved improved
Extremely Much Little Little Much Extremely
Step length decreased  decreased  decreased No change increased increased increased
. Extremely Much Little Little Much Extremely
Step time No change . . .
worsened worsened worsened improved improved improved
Gait speed Extremely Much Little No chan Little Much Extremely
1t spee decreased  decreased  decreased CHANEE  ncreased increased increased
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