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Abstract

Background and Objectives—White matter hyperintensities (WMH) on brain MRI are
associated with cognitive and mobility impairment in older adults. We examined whether WMH
in tracts in older adults with mobility impairment are linked to outcomes of gait rehabilitation
interventions.

Design—A 12-week randomized controlled single-blind trial.
Setting—University-based mobility research laboratory.
Participants—Ambulatory adults aged 65 and older with mobility impairment.

Intervention—A conventional gait intervention focusing on walking, endurance, balance, and
strength (WEBS, n=21) compared to a task-oriented intervention focused on timing and
coordination of gait (TC, n=23).

Measurements—We measured self-paced gait speed over an instrumented walkway, pre and
post intervention, and quantified WMH and brain volumes on pre-intervention brain MRI using an
automated segmentation process. We overlaid a white matter tract atlas on the segmented images
to measure tract WMH volumes and normalized WMH volumes to total brain volume. Aggregate
WMH volumes in all white matter tracts and individual WMH volumes in specific longitudinal
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tracts (the superior longitudinal fasciculus, inferior longitudinal fasciculus and the fronto-occipital
fasciculus) and cingulum were obtained.

Results—Gait speed gains in the TC group were of the same magnitude, independent of the
WMH volume measures in all except the cingulum. However, in the WEBS group, gain in gait
speed was smaller with greater overall tract WMH volumes (P<0.001) and with greater WMH
volume in the three longitudinal tracts (P< 0.001 to 0.025).

Conclusion—Gains in gait speed with two types of gait rehabilitation are associated with
individual differences in WMH. Task-oriented therapy that targets timing and coordination of gait
may particularly benefit older adults with WMH in brain tracts that influence gait and cognition.

INTRODUCTION

White matter hyperintensities (WMH) in the brain are associated with reduced gait speed
and increased gait variability in older adults.1-3 WMH burden is also linked to impairments
in executive function.*® In older adults without cognitive impairment or dementia, gait
characteristics are associated with cognitive abilities such as executive function, processing
speed and visuospatial attention. -8 This association between altered gait and cognition with
aging is likely due to disruption of longitudinal tracts within the brain, especially those
located in periventricular and subcortical regions that link motor function and executive
control of gait. 911 WMH are common in older adults. 12 Their presence in older adults with
mobility impairment typically involves periventricular and deep white matter regions.210:13
WMH in these longitudinal tracts can interfere with bidirectional transfer of information
between key motor and cognitive cortical regions.?11 Since rehabilitation of persons with
gait disorders is an important aspect of geriatric care, we are particularly interested in
whether WMH in these tracts are linked to benefit from gait rehabilitation, and whether the
type of gait intervention matters.

White matter fiber tracts serve to connect different brain regions and likely play an
important role in coordinating complex functions. Brain regions that are known to play a
major role in motor skill performance include the premotor region, basal ganglia,
supplemental motor area, cerebellum, and even the hippocampus,141® while those involved
in attention and executive functions include the prefrontal cortex, anterior cingulate, inferior
parietal lobule, posterior parietal cortex and other subcortical areas. 16 The regions
associated with executive function are also associated with gait, possibly due to the need for
higher order processing in the face of complex tasks and environments. 71718 With age,
information transfer between these regions can be disrupted by age-related damage to any
part of the tracts and can lead to decline in their purported functions. The longitudinal tracts
that link brain regions involved in executive function and visuoperception with those
involved in gait control are the superior longitudinal fasciculus (SLF), inferior longitudinal
fasciculus (ILF) and inferior fronto-occipital fasciculus (IFO).19-21 The SLF is made up of
three subcomponents that traverse the core of white matter in the parietal and frontal lobe;
the ILF lies in the white matter between the striatum and parieto-occipital and temporal
lobes; the IFO runs in the white matter above the caudate, between the corpus callosum and
corona radiate.22 The superior and inferior portions of the cingulum bundle are major
pathways within the limbic system and between the limbic and the prefrontal and premotor
cortices, and they play an important role in emotional and cognitive functions. 23 Therefore,
we expect that the WMH burden in the SLF, ILF and IFO, but not the cingulum, may be
associated with gait rehabilitation outcomes depending on type of rehabilitation.

We previously developed and tested a novel approach to gait rehabilitation that is focused
on the timing and coordination of gait (TC) and the motor control aspect of walking, as
opposed to traditional gait rehabilitation that focuses on walking practice, endurance,
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strength and balance (WEBS). We found that the TC approach led to greater gains in gait
speed, energy cost of walking and self-reported walking confidence compared to the
conventional WEBS approach of rehabilitation.24 The TC interventions incorporate theories
of motor-skill learning by focusing on complex pattern walking, adaptive stepping and
performing secondary tasks that may facilitate the gait pattern while walking.24 Here, we
explored this data to determine whether total WMH burden in all tracts as well as WMH
burden specifically in the SLF, ILF, IFO and cingulum (superior and inferior fibers) are
associated with gain from gait rehabilitation, and whether the impact is different in the two
types of therapy.

Study design

Participants

We analyzed data from a 12 week randomized controlled trial of two exercise interventions
aimed at improving mobility in community-dwelling older adults with mobility

impairment. 24 Both interventions were protocol-driven and were conducted by trained
physical therapists who conducted sessions in groups of two to three participants, lasting 60
minutes for 12 weeks. The interventions were conducted at separate times to avoid cross
contamination. The conventional gait rehabilitation involved walking practice, progressive
strengthening exercises, balance tasks, and endurance training (WEBS). This program began
with trunk and leg stretches and was followed by strengthening using progressive resistance
exercises of lower extremities, balance exercises and endurance training either with a seated,
stair climbing-like activity, or a stationary cycle.24-26 The experimental therapy focused on
motor control skills of timing and coordination (TC) during stepping and walking, designed
to integrate motor planning, muscle activity and limb positioning in phase of gait with the
goal of walking. This program of task oriented stepping and walking patterns included
secondary tasks while walking to facilitate the task focus. For example, bouncing a ball was
added to facilitate forward momentum in gait, and treadmill walking facilitated the timing of
stepping and defined the speed for brief walking intervals.24-26 Time spent on walking in the
two interventions was monitored to be equal. Study personnel, masked to the treatment arm,
collected data before and after the 12-week intervention. The study was approved by the
Institutional Review Board and informed consent was obtained from all study participants.

This study included community-dwelling ambulatory older adults aged 65 years or older
with evidence of mobility impairment. Mobility impairment was defined as both slow gait
speed and abnormal gait variability. Eligible gait speed was between 0.6m/s and 1.0m/s, and
gait variability was either or both of increased step-length variability (coefficient of
variation (CV) of greater than 4.5%) and step-width variability (CV of less than 7% or
greater than 30%).24 Additionally, for inclusion in the study participants had to score greater
than or equal to 24 on the Mini-mental Status Examination (MMSE)2 and have medical
clearance for participation in mild to moderate intensity exercise from their primary
physician. Use of an assistive device other than a straight cane for ambulation, persistent
lower extremity pain not controlled by medication that limited walking on most days of the
week, dyspnea at rest or use of supplemental oxygen, less than functional lower extremity
muscle strength,28 progressive neuromuscular disorders, a fused lower extremity joint or
amputation, uncontrolled hypertension, depression, recent Ml, stroke and a recent
hospitalization or major surgery were considered exclusionary. Of the 50 subjects in the
trial, 6 either did not have post intervention data or did not undergo MRI due to
contraindications for scanning, so were not included in this analysis. All completers in the
study participated in a minimum of 22 of the 24 exercise sessions.
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Twenty-one participants had the WEBS intervention (mean age, 78 years) and 23
participants had the TC intervention (mean age, 76 years) (Table 1).

Brain imaging—We quantified WMH volumes on brain MRI images using a fuzzy-
connected algorithm and seed selection that underwent multiple automated processes.2
First, skull and surrounding soft-tissue were stripped from the underlying brain on T1-
weighted images using the Brain Extraction Tool,30 which was then used as a mask to
remove brain from skull from the correspondingly located T2-FLAIR images at that same
voxel-size.31 Subsequently, we used an automated WMH segmentation method that
identified and clustered WMH based on voxel intensities on T2-FLAIR images.?® Total
brain volume constituted the sum of volumes of individual tissue classes - grey matter, white
matter and cerebrospinal fluid obtained using the Automated Labeling Pathway.32

We identified white matter tracts regions using the John Hopkins University (JHU) White
Matter Atlas33 and overlaid these on the WMH segmented images to obtain WMH volume
for white matter tracts (WMH registered as voxels, were then converted to volume (1 voxel=
4.2 mm3). We aggregated the WMH volumes for all major white matter tracts outlined in the
JHU atlas and labeled this as the overall tract WMH volume. For this analysis, we focused
on individual WMH volumes in the longitudinal tracts (SLF, ILF, IFO) and the cingulum
(superior and inferior portions). WMH volumes for the SLF included all its three
subdivisions. We aggregated the WMH volumes within the regions of interest in both
cerebral hemispheres. To account for individual differences in brain size and avoid
spuriously inflating WMH volume we normalized the WMH volumes to the total brain
volume by dividing individual’s WMH volume by his/her total brain volume. Normalized
total tract WMH volumes and the individual WMH volumes in bilateral SLF, ILF, IFO and
the superior and inferior fibers of the cingulum were used as independent variables in the
analysis.

Gait speed—This analysis focuses on gait speed as the primary outcome, because gait
speed is associated with white matter disease, executive function and adverse outcome in
older adults3*-38, We averaged the gait speed over two traverses across a 4m long automated
walkway, the GaitMatll (EQ Inc., Chalfonte, PA). Two practice walks preceded data
collection. Gait acceleration and deceleration at both ends of the walkway was excluded in
the data collection. The change in gait speed following the 12-week rehabilitation
intervention was the dependent variable in this analysis.

Mini-Mental Status Examination (MMSE)—The MMSE is a widely used screening
instrument for dementia and has a high sensitivity and specificity for distinguishing
moderate degree of cognitive impairment from normal cognition.2” It includes brief
assessment of orientation, memory, language and visuo-constructive abilities, and scores
range from 0 to 30, high scores indicating better cognitive status.

Short Physical Performance Battery (SPPB)—The SPPB provides an objective
measure of lower-extremity function in older adults. It is scored on a scale of 0 (unable to
perform) to 4 (fastest time) for each of the three timed components namely, gait-speed over
4 meters, standing-balance and chair stand providing a total range of 0 to 12.39

Executive function measures—Executive functions are higher-order cognitive

processes that include judgment, decision making, processing information, planning,
organization and conceptualization that are required in daily activities. Both the Digit
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Symbol Substitution Test (DSST)*? and Trail B are timed tasks and measure specific aspects
of executive function abilities.4142

DSST assess speed of processing speed and performance that requires individuals to draw
specific symbols for each digit in a series of numbers in a 90 second interval by referring to
a list of digits and matching symbols provided on the sheet.40 Participants are instructed to
perform the test as fast as possible aiming to fill in the boxes with symbols corresponding to
the number. Participants have to discriminate symbols by its spatial organization, process
matching symbols to specific digits, memorize the symbols as they perform the task in the
time allotted. Higher scores indicate better performance.

Trails B is a timed-test of speed for visual search, attention, mental flexibility and motor
function. Trails B tests the ability to shift attention during an on-going activity and also
reallocate attention to more than one stimulus at a time.#142 Higher scores indicate poorer
performance.

Comorbidities Index: Information on comorbidities was based on self-report of the 18 most
common medical conditions. Eight domains (cardiovascular, respiratory, musculoskeletal,
neurological, cancer, diabetes, sensory) were derived to obtain the comorbidity index.28

Geriatric Depression Scale (GDS): The GDS is a screening tool ranging from 0 to 30 and
was used to detect depressive symptoms in this sample at baseline. It is simple to administer
and does not require any specific skills in its administration.43

Statistical analysis

RESULTS

We used independent samples t- and chi-square tests, as appropriate, to compare baseline
differences between the two intervention groups. We fit a series of linear models with pre-
to post-intervention change in gait speed as the dependent variable; intervention (WEBS/
TC), each measure of WMH volume (overall and individual tracts) and their interaction term
as independent variables of primary interest; and pre-intervention gait speed as a covariate.
Statistical significance of the interaction term was interpreted as evidence of differential
associations between WMH volume and gait speed change in the two intervention groups.
Subsequently, from the same models, we extracted regression coefficients corresponding to
intervention group specific slopes () and their statistical significance to quantify the
association between WMH volume and gait speed change. We performed the statistical
analysis using SAS® version 9.2 (SAS Institute, Inc., Cary, North Carolina).

There were no significant differences between the two study arms in the demographic
measures, physical function, general cognitive and executive function measures, or tract
WMH burden (Table 1). Overall tract WMH volume ranged from almost none to 5.6% of
total brain volume, while the individual tract WMH volumes ranged from almost none to
2.5% of total brain volume (Table 2).

The pre-intervention gait speed in both groups was not significantly different (Table 1).
Within each group, gait speed following the intervention was significantly greater than the
pre-intervention gait speed (0.21 m/sec in TC and 0.15 m/sec in WEBS group, P<0.001).
However, the TC group had a greater gain in gait speed following the intervention than the
WEBS group)?4(P=0.02, effect size (Cohen’s d= 0.2)).

Across groups at baseline (n=44) we found a significant correlation between DSST score
and total tract WMH volume (r=-0.332, P=0.028) and WMH volume in ILF (r=-0.497,
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P=0.001), IFO (r=—0.391, P=0.009), inferior cingulum (r=—0.322, P= 0.033) but not in the
SLF (r=-0.224, P=0.143) and superior cingulum (r=—205, P=0.182). Baseline Trails B score
correlated with total tract WMH volume (r=0.370, P=0.014) and WMH volume in SLF
(r=0.368, P=0.014), ILF (r=0.491, P=0.001), IFO (r=0.421, P=0.004), superior cingulum
(r=0.276, P=0.070) but not with the inferior superior cingulum (P=0.5). Baseline gait speed
did not correlate with any of the baseline executive function measures or WMH tract volume
measures.

Association of total WMH burden with response to interventions

The overall tract WMH volume was differentially associated in the two interventions with
outcome of intervention as measured by increase in gait speed (group x WMH interaction, P
=0.009). There was no significant association between improvement in gait speed and
overall tract WMH volume in those receiving the TC intervention (slope f=-2.633, P=0.3).
However, in those receiving the WEBS intervention, each additional 1% increase in overall
tract WMH volume was associated with a reduction in gait speed improvement by 0.16 m/s
(/=—16.441, P<0.001) (Figure 1).

Association of WMH burden by individual tracts with response to interventions

Pre-intervention WMH volume measures in the SLF, ILF and IFO was associated with gain
in gait speed following intervention (group x WMH interaction P =0.023 for SLF, 0.007 for
ILF and 0.008 for IFO; Figure 2). There were no significant associations in the TC-group
(#=—3.577, P=0.5 for SLF, =—14.620, P=0.3 for ILF, f=-8.647, P=0.2 for IFO). However,
in those receiving the WEBS intervention, for each additional 0.1% increase in WMH
volume in the SLF, ILF and IFO was associated with a reduction in gait speed improvement
by 0.087 m/s (/=—87.592, P=0.017), 0.088 m/s (/~=—88.223, P<0.001) and 0.047 m/s (=
-47.051, P<0.001) respectively. WMH volume in the cingula was not associated with gain
in gait speed following intervention (group x WMH interaction P= 0.5 (superior fibers) and
P=0.4 (inferior fibers)). There was no significant association between gain in gait speed and
WMH in superior or inferior portions of the cingulum in the TC (P=0.3 and 0.5 (superior
and inferior respectively)) or the WEBS group (P=0.3 for both; figures not shown).

Given the distribution of WMH tract burden among participants, with two subjects (one in
each treatment arm) having especially high volumes, we considered that the results might
have been distorted by these two outliers. Hence, as a sensitivity analysis, we re-examined
our findings without the data from these two subjects. For those receiving the TC
intervention, there was no significant association between magnitude of gain in gait speed
and increase in overall tract WMH volume (/=-9.877, P=0.1) or individual WMH volumes
in the 3 longitudinal tracts (/=-21.913 to —63.051, P= 0.1 to 0.2). For those receiving the
WEBS intervention, each 1% increase in overall tract WMH volume was associated with a
reduced improvement in gain in gait speed by 0.24 m/sec (/=—24.367, P=0.03) and each
0.1% increase in WMH volume in the ILF and IFO was associated with a reduced
improvement in gain in gait speed by 0.07 m/sec (/=-70.938, P=0.009) and 0.043 m/sec (/=
-43.453, P=0.026) respectively. Each 0.1% increase in WMH volume in the SLF was
associated with a reduced gain in gait speed of 0.064 m/sec (/=—64.833, P=0.06).

CONCLUSION

In older adults with mobility impairment who undergo gait rehabilitation, the severity of
subcortical vascular disease in white matter tracts is associated with gait outcome,
depending on the type of intervention. Specifically, the volume of WMH in longitudinal
fiber tracts in the brains of older adults is differentially associated with gain in gait speed
from two types of interventions. Gain in gait speed following the TC intervention appears to
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be consistent across the range of WMH, whereas with the WEBS intervention, gait speed
improvement is reduced for those with greater WMH load. These results suggest that a task-
directed motor skill learning approach to gait rehabilitation may be better suited to older
adults across the range of WMH burden while an impairment-based approach (e.g., WEBS)
appears to have beneficial effects on gait speed only in the older adults with a lesser severity
of WMH burden.

Why would the TC intervention benefit gait speed independent of WMH burden? The TC
intervention focused on gait control by providing training to adapt to diverse conditions
while walking, such as performing secondary tasks while walking, walking in complex
patterns and pacing on a treadmill.2* The TC intervention was designed to re-program the
control of gait through task-oriented motor sequence learning, which involves the use of
limb positioning and a defined goal for the movement task to elicit the appropriate pattern
and timing of muscle activity for the task. The stepping and walking program embedded in
the TC intervention were used to help coordinate limb positions and muscle activity in
synchrony with postures and phases of the gait cycle and restore automaticity of gait.2* TC
intervention also included reinforcing the timing of stepping through treadmill-assisted
walking. The treadmill-assisted walking practice was initially at the older adult’s preferred
speed, followed by brief intervals of increased speed, alternating with return to the preferred
speed. Since TC generated the same magnitude of gain in gait speed independent of WMH
burden, we interpret these findings to mean that the task-oriented motor learning
intervention provided the brain the information needed for the reacquisition of the motor
skill of walking, and improved efficiency of gait. The motor skill of walking was not
addressed by the impairment-based intervention (WEBS) designed to increase capacity in
body systems contributing to gait performance. Improvements in gait speed in the WEBS
intervention most likely resulted from the increased capacities of muscle strength, limb
motion and endurance which enabled the older adults to use more capacity to walk faster.
The TC intervention, by focusing on task-monitoring, motor-planning and motor-sequencing
along with mobility training, trained the individuals on executive control of gait and
improved gait automaticity and therefore greater gait speed gain.

Cogpnitive training may be an important component of gait training. Executive function,
when combined with mobility training has a greater impact on gait compared to a mobility
training alone.** Dual-task gait exercise that incorporates specific executive functions while
walking, improves gait more than single-task low-intensity physical exercise.*® Even
executive function training for 8 weeks without any physical exercise leads to benefits in
gait speed.*8 Cognitive rehabilitation also improves executive function in normal aging.*’
Our study adds to the evidence that gait training should include elements of cognitively
oriented mator planning, especially in persons with high WMH burden.

WMH burden in specific longitudinal tracts can have a bearing on gait intervention in a
number of ways. The SLF, ILF, and IFO are important to motor planning as they relay
motor, cognitive, perceptual and sensory signals between brain regions. White matter
disease in frontal-subcortical regions affects executive function, manifesting as slow speed
of processing and impaired motor learning.849 The SLF and IFO connect the frontal-
subcortical regions with the parietal and occipital regions. These tracts are critical to
executive functioning.1922 Posterior parietal cortex is involved in integrating information
from the external environment into signals that trigger motor intensions such as placing of
limb to reach a particular point.5%-51 These areas are connected to the motor cortex via
SLF.2L.22 The ILF is also associated with processing speed and visuomotor dexterity.22:52
The IFO connects the parieto-occipital regions with the dorsal premotor and prefrontal
regions and mediates interactions between visual, spatial and executive functions.22:52 White
matter disease can particularly affect these tracts and disrupt signal transmission leading to
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mobility impairment in older adults.53:54 Our finding that TC but not WEBS can promote
gain in gait speed in the presence of high WMH suggests that impaired motor control due to
disrupted signal transmission may be modifiable with interventions that focus on motor
control and planning. The TC intervention emphasized modifications to motor control and
motor learning via self-monitoring of progressively complex gait activities. This type of
intervention may have facilitated the executive, visuoperceptual and spatial abilities
involved in higher order control of gait, signaling of which is mediated through the
longitudinal tracts (SLF, ILF and IFO). The cingulum bundle connects the limbic and
entorrhinal cortex that is involved in emotional and cognitive regulation with indirect links
to gait control through the premotor cortex. In contrast to the SLF, ILF and IFO, the WMH
burden in the cingulum showed no significant association with gain in gait speed in the TC
intervention. The WEBS conventional intervention focused on building endurance and
strength, but not on the cognitive elements of gait control. WEBS training may have acted at
peripheral cardiovascular, muscular and proprioceptive level, and failed to address the
impairments in the central nervous system that affect gait in older adults with greater white
matter disease.

Therefore, at least two possible explanations for TC mediated effects are possible. First, TC
training may have facilitated gain in gait speed by enhancing cognitive abilities mediated by
the longitudinal tracts such as the SLF, ILF and IFO. Second, the TC intervention could
have enhanced resilience in some way and enabled the individual to adapt to the deficits
caused by disruptions in signal processing. Alternatively, there could be another mechanism
that may have played a role. The baseline executive function and WMH volume measures
were significantly correlated across groups but the baseline gait speed did not correlate with
any of the executive function measures or WMH measures possibly due to the eligibility
restrictions limiting the range of gait speed. This study collected data on baseline structural
MRI and cognitive measures and the study was not designed to study brain changes
associated with the two interventions. Therefore, future studies should examine brain
changes with the two interventions.

The findings of this study are clinically relevant to older adults with mobility impairment.
WMH are common in older adults, with some degree of WMH in up to 95% of older adult
population.®>:56 Even with more conservative criteria for WMH volume, the prevalence
reaches up to 32%.°7 Since subcortical vascular disease is so prevalent in older adults and is
related to gait and executive dysfunction, it is important to understand the influence of
WMH load on mobility interventions. Subcortical vascular disease portends a poor
rehabilitation outcome in older adults - severity of subcortical vascular disease predicts falls
in mobility impaired older adults within one year of completing conventional gait
rehabilitation, even after accounting for demographic, cognitive and functional status.>8
Since high WMH burden is common with aging, and motor learning interventions appear to
equally benefit all older adults, motor learning strategies might be appropriately
incorporated into routine gait rehabilitation practice for all older adults. Alternatively, either
traditional or motor learning interventions for gait could benefit gait speed in older persons
with low WMH burden, while motor learning interventions could be especially targeted at
persons with high WMH burden. However, this would require that therapists have
information on WMH burden to plan treatment. In the future, it is possible that gait
rehabilitations might be more individualized that include brain characteristics such as
location and burden of WMH in older adults.

This study has limitations. We did not measure WMH in lobar regions such as in frontal or
parietal cortices nor did we study WMH burden in all tracts that traverse the white matter
such as the projection and commissural fibers. We also did not study the integrity of tracts in
normal appearing white matter of the brain. Additionally, we used an automated
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segmentation method to measure WMH and in doing so did not address some of the
heterogeneity underlying WMH. It is also likely that WMH located within the tract ROI
were not necessarily specific to that tract but could involve other fibers that traverse the
same brain regions but were spuriously attributed to the tract only because of its proximity
within the chosen ROI. Finally, this was a secondary analysis of a pilot study with small
sample sizes and brief duration of intervention (12 weeks). Despite these limitations, the
study highlights the potential influence on outcomes of gait interventions from WMH
burden overall, and in three important longitudinal tracts. To our knowledge, this is one of
the first studies to address the association of WMH with outcome of gait rehabilitation
strategies.

In summary, WMH tract burden was associated with gait speed gain with traditional,
impairment-based, but not in task-oriented motor learning intervention. Task-oriented motor
learning and skill acquisition may be critical components of gait rehabilitation in persons
with high WMH burden.
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Change in Gait Speed (m/sec)

WMH volume proportions for all tracts combined

Figure 1.

Association between improvement in gait speed and overall tract white matter
hyperintensities (WMH) volume proportional to total brain volume in the two intervention
arms (Timing and coordination training (TC): open circles, walking, endurance, balance
strength training (WEBS): closed circles).
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Figure 2.
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Association between improvement in gait speed and white matter hyperintensities (WMH)
volume proportional to total brain volume in the three longitudinal tracts (depicted as figure
inserts) in the two intervention arms (Timing and coordination training (TC): open circles,
walking, endurance, balance strength training (WEBS): closed circles).

2a: Superior Longitudinal Fasciculus (SLF)

2b: Inferior longitudinal fasciculus (ILF)

2c.Inferior fronto-occipital fasciculus (IFO):
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Participant characteristics by intervention arm (WEBS: walking, endurance, balance strength training; TC:

timing and coordination training).

WEBSgroup TCgroup Pvalue/
chi-square

N 21 23
Age, years 785 76+ 6 0.2
Female, n (%) 11 (55%) 19 (82%) 0.1
Black, n (%) 2 (10%) 4 (17%) 0.7
Comorbidities, Index (mean  2+1 3+1 0.2
+ (D))
GDS,0t015(mean+ (D)) 1914 14+13 0.6
MMSE, 0to 30 (mean + 29+1 29+1 0.3
(SD))
DSST, (number correct, 45+8 45+11 0.8
mean + (D))
Trails B time, (sec, mean = 127 £ 56 129+ 73 0.9
(SD))
SPPB,0t0 12, mean+ (SD)) 8+2 9+2 0.3
Pre-intervention gait speed 0.81+0.12 0.87 +0.12 0.1
(m/sec, mean + (SD))
Post-intervention gait speed ~ 0.96 + 0.2 1.08 £0.13 0.02

(m/sec, mean + (D))

MMSE: Mini-mental status Examination, range 0 to 3027; DSST: Digit Symbol Substitution Test score40; SPPB: Short Physical Performance

Battery, range 0 to 1239; GDS: Geriatric Depression Scale, range 0 to 3043,
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White matter hyperintensities (WMH) volume normalized to total brain volume in the two groups (WEBS:

walking, endurance, balance strength training; TC: timing and coordination training).

Tracts WEBS group TC group Pvalue

Overall tracts 54 x103+64x 7.1x1073+11.2 0.6
1073 x 1078

ILF 13x10°%+12x 13x103+21 0.9
1073 x 1073

IFO 24x10%+£22x 28x10°%+4.2 0.7
1073 x 1078

SLF 0.7x108+09x 1.6x103+51 0.4
1073 x 1073

Cingulum 03x10%+£07x 04x103£1.0 0.5

(superior 1073 x 1073

fibers)

Cingulum 02x10%+04x 02x103£0.6 0.4

(inferior 103 x 1073

fibers)

WMH: white matter hyperintensities; SLF: superior longitudinal fasciculus; ILF: inferior longitudinal fasciculus; IFO: inferior frontooccipital

fasciculus.
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