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STUDY DESIGN: Pilot study (case series).

OBJECTIVE: The objective of this study was to establish spinal neurophysiological changes following high-frequency transspinal
stimulation during robot-assisted step training in individuals with chronic motor complete spinal cord injury (SCI).

SETTING: University research laboratory (Klab4Recovery).

METHODS: Four individuals with motor complete SCI received an average of 18 sessions of transspinal stimulation over the
thoracolumbar region with a pulse train at 333 Hz during robotic-assisted step training. Each session lasted ~1 h, with an average of
240 stimulations delivered during each training session. Before and after the combined intervention, we evaluated the amplitude
modulation of the long-latency tibialis anterior (TA) flexion reflex and transspinal evoked potentials (TEP) recorded from flexors and
extensors during assisted stepping, and the TEP recruitment curves at rest.

RESULTS: The long-latency TA flexion reflex was depressed in all phases of the step cycle and the phase-dependent amplitude
modulation of TEPs was altered during assisted stepping, while spinal motor output based on TEP recruitment curves was increased

after the combined intervention.

CONCLUSION: This is the first study documenting noninvasive transspinal stimulation coupled with locomotor training depresses
flexion reflex excitability and concomitantly increases motoneuron output over multiple spinal segments for both flexors and
extensors in people with motor complete SCI. While both transspinal stimulation and locomotor training may act via similar activity-
dependent neuroplasticity mechanisms, combined interventions for rehabilitation of neurological disorders has not been
systematically assessed. Our current findings support locomotor training induced neuroplasticity may be augmented with

transspinal stimulation.
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INTRODUCTION

Modulation of spinal reflexes during stepping contributes to the
control of coordinated locomotor muscle activity essential to
walking [1, 2]. After spinal cord injury (SCl), coordination of
reflexes and muscle activity are largely disrupted [3], resulting in
impaired mobility and poor quality of life. Activity-based
rehabilitation therapies, like manual- or robot-assisted locomotor
training promote recovery after SCI. Locomotor training restores
impaired walking function by improving stepping coordination
and kinematics. These improvements are partly driven by
functional reorganization of spinal circuits that restore phase-
dependent modulation of spinal reflexes, like flexor and extensor
muscle reflexes, and coordinated locomotor muscle activity during
stepping [4, 51.

Similarly, noninvasive transcutaneous spinal cord (termed here as
transspinal) stimulation supports motor recovery after SCl. For
instance, transspinal stimulation reduces spasticity [6], improves
functions of the autonomic nervous system [7-10], and restores
voluntary locomotor activity and descending motor control [11-13].
Tonic transspinal stimulation over the thoracolumbar region at
moderate frequencies (5-40Hz) generate locomotor-like muscle

activity and movements in paralyzed or paretic muscles after SCI
[11-14]. Transspinal stimulation may thus be used to augment the
benefits of locomotor training. A recent modeling study suggested
that high-frequency (e.g., >100Hz) tonic spinal stimulation may
provide a better alternative to modulating spinal networks and
minimize potential harmful effects of occluding sensory feedback
critical to motor recovery after SCI [15]. No study to date has
examined whether high-frequency transspinal stimulation can
potentiate locomotor training induced neuroplasticity.

Despite the realities of clinical practice, studies incorporating
combined interventions are scarce. Locomotor training has been
coupled with transcranial and transspinal direct current stimula-
tion [16-18]. Improvements in walking speed and reduced
spasticity were reported similar to that observed after one session
of transspinal stimulation [16-18]. It is well established that after
SCl, the short-latency tibialis anterior (TA) flexion reflex is
abolished or barely present and a late, long-lasting TA flexion
reflex appears [19, 20]. This, along with spontaneous firing of
motoneurons at resting states [21], contribute to the muscle
spasms experienced by individuals with SCl. Interventions
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targeting restoration of appropriate spinal reflex modulation and
strengthening of motor output are thus in great need.

In this study, high-frequency transspinal stimulation over the
thoracolumbar region was delivered during robot-assisted step
training over multiple sessions. Before and 1 day after the
combined intervention, we determined the: (1) amplitude
modulation of the long-latency TA flexion reflex and transspinal
evoked potentials (TEPs) recorded from flexors and extensors of
both legs during assisted stepping, and (2) spinal motor output
based on TEP recruitment curves recorded from ankle flexor and
extensor muscles.

PATIENTS AND METHODS

Patients

All procedures during the experiments and training were conducted in
compliance with the Declaration of Helsinki after full Institutional Review
Board (IRB) approval by the City University of New York IRB committee (IRB
Number 2017-0261). A written informed consent was obtained from all
participants before study enrollment.

Individuals with SCI were recruited based on the following criteria: age
18-65 years, more than 6 months after injury, and AIS A or B. Interested
participants were excluded if they had concomitant traumatic brain injury,
stroke or peripheral nerve injury, cognitive impairment, not medically
stable, or had implanted pacemaker or baclofen pump that could
malfunction during or after spinal stimulation.

Four male individuals (35.5 + 8.9 years old) with chronic motor complete
SCI ranging from C6 to T9 participated in the study. Participants were
instructed to refrain from alcohol and caffeine consumption at least 24 h
before and be cannabis-free for more than 2 weeks before testing.

Transspinal stimulation coupled with locomotor training
Transspinal stimulation over the thoracolumbar region was delivered based
on our previously published procedures [22]. A single cathode electrode
(Uni-Patch™ EP84169, 102’ 5.1 cm?, MA, USA) was placed longitudinally
along the vertebrae equally between the left and right paravertebral sides
covering T10 to L1-L2 vertebral levels. A pair of interconnected reusable
self-adhesive anode electrodes (same type as the cathode), were placed on
either side of the umbilicus or bilaterally on the iliac crests depending on
the participant’s level of comfort during stimulation or if stimulation caused
bladder discomfort. The cathode and anode electrodes were connected to
a constant current stimulator (DS7A, Digitimer, UK) that was triggered by
Spike 2 (Cambridge Electronics Design Ltd., UK) or LabView (National
Instruments, Austin TX) scripts. Optimal electrode placement was based on
presence of TEPs in both knee and ankle muscles at low stimulation
intensities, and presence of ankle TEP depression upon paired transspinal
stimuli at an interstimulus interval of 100 ms [22]. Once the optimal
stimulation site was identified, the electrodes were maintained via
Tegaderm transparent film (3M Healthcare, St Paul, Minnesota, USA). To
ensure consistency of stimulation site across training sessions, the skin area
was marked by nontoxic skin pen and covered by Tegaderm film.

During training, transspinal stimulation was delivered at 333 Hz with a
pulse train consisting of 12 pulses with a total 33 ms duration during the
stance phase based on the foot switch signals. We used high-frequency
transspinal stimulation at low intensities in order to have similar effects to
the spatiotemporal stimulation patterns reported with epidural stimulation
[15]. Stimulation intensities ranged from 0.8 to 1.2 times the right soleus
(SOL) TEP resting threshold observed at baseline depending also on each
participant’'s reported comfort level. At baseline, the SOL TEP resting
threshold intensity was 193 + 87 mA across subjects.

Participants received an average of 18 sessions (range: 17-20) of
transspinal stimulation delivered during body weight supported (BWS)
step training with a robotic gait orthosis system (Lokomat 6 Pro’, Hocoma,
Switzerland) 5 days/week for 1 h/day. The Lokomat BWS ranged from 50 to
76% (62 = 10) and the treadmill average speed was 0.54 + 0.35 m/s across
subjects. All subjects before the intervention stepped with full Lokomat leg
guidance force given their inability to maintain upright standing posture
without knee buckling. After the intervention, the average BWS, treadmill
speed and Lokomat leg guidance force were 25 to 79% (53 + 18.5), 0.64 m/
s+ 0.04, and 85%, respectively. Transspinal stimulation and robot-assisted
step training were well tolerated by all participants, blood pressure
remained stable during training sessions, and no adverse events were
encountered during the combined intervention.
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NEUROPHYSIOLOGICAL ASSESSMENTS BEFORE AND AFTER
TRANSSPINAL STIMULATION COUPLED WITH LOCOMOTOR
TRAINING

EMG recordings

Surface EMG activity was recorded by single bipolar differential
electrodes (Motion Lab Systems Inc., Baton Rouge, Louisiana, USA)
from the left and right SOL, medial gastrocnemius (MG), TA,
medial hamstrings (MH), vastus lateralis (VL), vastus medialis (VM),
gracilis (GRC), and peroneus longus (PL) muscles. EMG signals
were amplified, filtered (10-1000 Hz), sampled at 2000 Hz via a
1401 plus (Cambridge Electronics Design Ltd., Cambridge, UK)
when EMG data were collected at rest and via a National
Instruments (Austin, TX) data board when EMG data were
collected during stepping.

Neurophysiological tests to establish neuronal reorganization
The flexion reflex was evoked with a pulse train of 26.5 ms total
duration at 333 Hz via a bipolar bar electrode placed along the
right sural nerve using a constant current stimulator (DS7A,
Digitimer Ltd., Hertfordshire, UK). The optimal stimulation site
corresponded to the site where a response in the right TA muscle
was present at the lowest stimulation intensity, while no activity
was observed in triceps surae and toe extension that suggests
excitation of plantar nerve axons and thus antagonistic toe
extensors. When the stimulation site was identified, the bipolar
bar electrode was replaced by two disposable pre-gelled circular
electrodes (area 77 mm?, interelectrode distance of 3 cm; Sure-
trace RTL 1800C-003, Ag/AgCl, ConMed Corp., NY, USA) and
maintained in place via prewrap. Then, each subject was fitted to
the Lokomat upper body harness and leg braces and placed in
standing at a BWS equivalent to that used during step training.
The flexion reflex threshold during BWS standing with the right
leg semi-flexed and unloaded was determined and was 82+
26 mA across subjects. During stepping, sural nerve stimulation
was delivered at 1.3 multiples of the right TA flexion reflex
threshold established during standing. TA flexion reflexes were
triggered based on the foot switches placed on the ipsilateral foot,
and were delivered randomly at different phases of the entire step
cycle which was divided into 16 equal bins by LabVIEW
customized software program [23-25].

Changes in motoneuron output were established based on the
TEP recruitment input-output curves assembled with subjects
supine (hip-knee at 30° flexion, legs in midline supported by
bolsters). Single pulse transspinal stimulation was delivered at
0.2 Hz at increasing intensities from below resting motor threshold
until a plateau in TEP responses was reached. TEPs were also
recorded during BWS stepping following transspinal stimulation at
1.3 TA TEP threshold observed during standing, with similar
methods to those we have previously used [25].

Stimuli were triggered every three to four steps, and responses
were recorded randomly at each bin (n=16) of the step cycle
based on the right foot switch requiring >2000 steps to complete
all stimulation paradigms. Bin 1 corresponded to heel contact. Bins
8, 9, and 16 corresponded approximately to stance-to-swing
transition, swing phase initiation, and swing-to-stance transition,
respectively. Stimulations were well tolerated by all participants,
blood pressure remained stable throughout testing, and no
adverse events were encountered during the recordings.

Data analysis

EMG signals during stepping (with and without stimulation) were
full-wave rectified, high-pass filtered at 20 Hz and low-pass filtered
at 500 Hz using a 4th order Butterworth filter. The TA flexion reflex
at each bin of the step cycle was measured as the area under the
full-wave rectified curve for a time window of 150 ms duration
that started 130 ms from the beginning of the pulse train and
termed here as long-latency flexion reflex [23, 24]. At each bin of
the step cycle, the full-wave integrated area of the TA long-latency
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Fig. 1 Example changes of the long-latency tibialis anterior
flexion reflexes during stepping. Representative rectified EMG
traces of long-latency tibialis anterior flexion reflex during tepping
for each bin of the step cycle from two subjects are indicated before
(black) and after (blue) combined high-frequency trasspinal stimula-
tion and locomotor training.
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Fig.2 Effects of combined high-frequency transspinal stimulation
and locomotor training on the flexion reflex. A The normalized
subtracted long-latency TA flexion reflex from all subjects is
indicated for each bin of the step cycle during robotic-assisted
stepping recorded at baseline speed (S1) before and after training
and at the speed of the last training session (S2). B Linear
relationship between the normalized long-latency TA flexion reflex
and associated TA EMG background activity from all subjects before
and after training. Each point corresponds to one bin of the step
cycle. C, D Overall mean amplitude of the slope and intercept
computed from the linear regression analysis. Bin 1 corresponds to
heel contact. Bins 9, 10, and 16 correspond approximately to stance-
to swing transition, swing phase initiation, and swing to-stance
transition, respectively.

flexion reflex was calculated. For each subject, the average EMG of
non-stimulated steps (control EMG) at identical time windows and
bins was subtracted from the average EMG of stimulated steps
(reflex EMG) to allow estimation of the net flexion reflex amplitude
[23, 26, 27]. The average subtracted reflex EMG was then
normalized to the maximum control EMG in order to group the
reflex EMG across subjects. Statistical significance between
the normalized flexion reflexes recorded before and after the
combined intervention were established with a repeated measure
analysis of variance (ANOVA) at 16 times 3 levels. The first level
corresponds to bins, and the second level corresponds to the
treadmill speed (S1: speed at baseline used for recordings before
or after training; S2: last training session speed used for recordings
after training).

The background EMG activity of the right TA muscle at each bin
was estimated from the mean value of the rectified and filtered
EMG for a duration of 50 ms (high-pass filtered at 20 Hz, rectified,
and low-pass filtered at 400 Hz), beginning 100 ms before sural
stimulation. The mean amplitude of the long-latency TA flexion
reflex recorded before and after the combined intervention was
plotted against TA background activity (normalized to the
maximum EMG), and a linear least-square regression was fitted
to the data. This analysis was conducted separately for each
subject and for the pool data.

TEPs recorded upon single pulse transspinal stimulation for TEP
recruitment input-output curves from each muscle were mea-
sured separately as the area under the full-wave rectified
waveform for identical time windows before and after training
(Spike 2, CED Ltd., U.K.). These TEPs were normalized to the
homonymous maximal TEP (TEPmax) recorded before training.
The normalized TEPs were plotted against the non-normalized
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Fig. 3 Recruitment input-output curves of transspinal evoked potentials (TEPs) recorded bilaterally from the soleus, medialis
gastrocnemius, tibialis anterior, and peroneus longus muscles from all subjects. The X-axis indicates multiples of stimulation intensities
normalized to the predicted stimuli corresponding to a TEP equivalent to 50% of maximal TEP (S50). The Y-axis indicates the TEP amplitudes as

a percentage of the maximal TEP obtained before intervention.

stimulation intensities and a Boltzmann sigmoid function (Sigma-
Plot 11, Systat Software Inc.) was fitted to the data to establish the
predicted stimulation intensity corresponding to the stimulation
intensity that evoked 50% of maximal TEP (S50). Then, TEPs
recorded from each muscle were grouped based on normalized
intensities across subjects. Similarly, TEPs recorded during
stepping were measured as the area under the full-wave rectified
waveform and were normalized to the homonymous maximal TEP.
The mean amplitude of TEPs from each muscle recorded before
and after training was plotted against the background EMG
activity (normalized to the maximum EMG), and a linear least-
square regression was fitted to the data. This analysis was
conducted separately for each TEP, subject and for the pool data.
We certify that all applicable institutional and governmental
regulations concerning the ethical use of human volunteers were
followed during this research.

SPRINGER NATURE

RESULTS
Reorganization of polysynaptic spinal reflex networks after
transspinal stimulation coupled with locomotor training in
motor complete SCI
Figure 1 shows rectified waveform averages of the TA flexion reflex
before and after training from two subjects. It is evident that
transspinal stimulation coupled with locomotor training altered
flexion reflex excitability. A pronounced reflex depression was present
during the stance phase (bins 2-7) of the step cycle in both subjects.
Figure 2A shows the normalized average area of the long-
latency TA flexion reflex during stepping at each bin of the step
cycle from all subjects before and after training. The control EMG
has been subtracted from the long-latency TA flexion reflex EMG
and the resultant value is normalized to the maximum locomotor
EMG. The flexion reflex after training was recorded during
stepping at baseline speed (S1) and at the last training session

Spinal Cord Series and Cases (2021)7:55
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Fig. 4 Transspinal evoked potential (TEP) amplitude modulation during stepping recorded bilaterally. The overall TEP amplitude is shown
for each bin of the step cycle before and after combined high-frequency transspinal stimulation and locomotor training for the soleus (A),
medial gastrocnemius (B), tibialis anterior (C), medial hamstrings (D), vastus lateralis (E), gracilis (F), vastus medialis (G), and peroneus longus

(H). The X-axis corresponds to the bins of the step cycle.

speed (S2). The TA flexion reflex was not modulated based on bins
of the step cycle (Fis94=1.19, P=0.293) and was significantly
different before and after training when recorded at speed S1
(F194=17.32, P<0.001). Pairwise multiple comparison Bonferroni
t tests showed that the flexion reflex was significantly different
before and after training during the stance phase at bins 1, 3, 4,
and 5 (P < 0.05). No statistically significant differences were found
when the TA flexion reflex post-training was recorded at the speed
used at the last step training session, speed S2 (F;q¢s=1.28,
P =0.259). The TA flexion reflex was moderately linearly related to
the TA background EMG activity before (R =0.24) and after (S1:
R? =0.02; 52: R> = 0.06) training (Fig. 2B). The slope and intercept
of the linear relationship between the flexion reflex amplitude and
TA background EMG activity were not significantly different before
and after training (Fig. 2C, D), supporting that the observed
changes were not the result of changes in the reflex gain or
excitability threshold of flexion reflex afferent (FRA) interneurons.

Reorganization of motor output after transspinal stimulation
coupled with locomotor training in motor complete SCI

Figure 3 shows the TEPs normalized to the homonymous maximal
TEP recorded before training at increasing stimulation intensities

Spinal Cord Series and Cases (2021)7:55

(input-output recruitment curves) from the left and right SOL, MG,
TA, and PL muscles with subjects lying supine before and after
training. Two-way ANOVA showed that TEPs were significantly
different before and after training in the left TA (F; 46 =13.14, P<
0.001), left SOL (F; .o = 7.47, P = 0.007), right MG (F; 2o = 37.09, P <
0.001), right TA (F; »o = 37.09, P < 0.001), and right SOL (F; .o = 3.83,
P < 0.04) muscles, supporting an increase in motoneuron output
after transspinal stimulation coupled with locomotor training.
Figure 4 shows the overall average amplitude of TEPs at each
bin of the step cycle recorded from the left and right SOL, MG, TA,
MH, VL, GRC, VM, and PL muscles during assisted stepping before
and after training at treadmill speeds S1 (before and after training)
and S2 (after training). For TEPs recorded at the same treadmill
speed S1 before and after training, two-way ANOVA showed that
the phase-dependent amplitude modulation was significantly
different for the left SOL (F; 47 = 22.67, P <0.001), right SOL (F; 35
=463, P=0.038), right TA (F;g,=12.09, P<0.001), right VL
(Fr05 = 12.14, P<0.001), right GRC (F; 45 = 10.51 P=0.002), and
right VM (F; 48 =7.45 P=0.009) muscles. For TEPs recorded at
treadmill speed S1 before training and at treadmill speed S2 after
training, two-way ANOVA showed that the phase-dependent
amplitude modulation was significantly different for the left SOL

SPRINGER NATURE
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Fig. 5 Relationship between transspinal evoked potentials (TEPs) and associated EMG activity at two different stepping speeds. In all
graphs the 16 points correspond to the 16 bins of the step cycle. The slope and intercept for each linear relationship is also dictated. Data is

from all subjects before and after the intervention.

(F142=18.75, P<0.001), left MH (F; 95 =8.18, P =0.005), left PL
(F170=20.12, P<0.001), right MG (F; 33 =9.74, P=0.004), and
right VL (Fy,93 =7.31, P=10.008) muscles.

The linear relationship between normalized TEP amplitudes
during assisted stepping and associated background EMG activity
along with the slope and intercept for the ankle TEPs are indicated
in Fig. 5. Only in the right TA, the slope was increased after
combined training at treadmill speed S2 compared to baseline
treadmill speed S1 (P=0.022).

DISCUSSION
The main finding of this study is that high-frequency transspinal
stimulation coupled with locomotor training produced depression
of the long-latency TA flexion reflex with concomitant facilitation
in motor output of different motoneuron groups at rest and
during assisted stepping in people with motor complete SCI.
Our findings are consistent with the TA flexion reflex depression
during treadmill walking following transspinal conditioning
stimulation in healthy subjects [24]. More importantly, multiple
sessions of low frequency transspinal stimulation alone decreased
reflex excitability of ankle extensors, increased spinal inhibition in
response to repetitive afferent stimulation, and increased the
output of motoneurons supplying flexors and extensors of both
legs as demonstrated by the TEP recruitment curves in people
with motor complete and incomplete SCI [22, 28]. Based on these
findings we can theorize that transspinal stimulation training
alone promotes neuronal reorganization via similar activity-

SPRINGER NATURE

dependent neuroplasticity mechanisms to that of locomotor
training. Some representative neuroplasticity changes underlying
motor recovery after locomotor training are anatomical and
physiological changes within and outside the locomotor circui-
tries, including primary afferent sprouting and new synapse
formation [29-33]. In humans, representative changes associated
with motor recovery after locomotor training alone are restoration
of H-reflex rate-dependent depression, improved muscle activa-
tion coordination during stepping, reduced co-contractions, and
reorganization of appearance of flexor responses [3, 34, 35].

At this point we should consider the potential mechanisms that
our combined intervention resulted in concomitant depression of
flexor reflex excitability and facilitation of motoneurons over
multiple spinal segments in people with chronic motor complete
SCI. The long-latency TA flexion reflex in people with complete SCI
involves a neuronal pathway similar to that described in acute spinal
cat injected with L-3,4-dihydroxyphenylalanine [36-38]. In spinalized
cats, a late ipsilateral flexion reflex coincides with a late crossed
extensor reflex under strong reciprocal inhibitory connections, and
primary afferent depolarization in la afferent terminals is evident
upon FRA stimulation [37, 39, 40]. These effects were largely
mediated by changes in spinal neuronal pathways underlying the
half-center of locomotion. A similar neuronal organization exists also
in people with complete SCl, and as such the flexion reflex has been
regarded to represent the half-center network of human locomo-
tion [41-43]. The long-lasting soleus H-reflex and TA flexion reflex
depression at rest and during stepping in humans upon transspinal
conditioning stimulation [24, 44] support that transspinal

Spinal Cord Series and Cases (2021)7:55



stimulation has direct access to spinal centers contributing to
walking. Thus, a possible mechanism is that of potentiation of
primary afferent depolarization resulting in upregulation of
presynaptic inhibition. Locomotor training alone reduces presynap-
tic facilitation or replaces presynaptic facilitation with presynaptic
inhibition [34] and promotes a TA flexion reflex amplitude
modulation during assisted stepping in humans with SCI compar-
able to that observed in the non-injured individuals [45]. Based on
these findings and on our current results, transspinal stimulation
augments the neuroplasticity of locomotor training possibly via
similar mechanisms.

Importantly, the flexion reflex depression coincided with
increased motoneuron output at rest (Fig. 3) and during stepping
(Fig. 4) that was adjusted in amplitude based on the phase of the
step cycle and treadmill speed after combined training but not
similarly in left and right leg muscles (Fig. 4). Strength and
amplitude of motoneuron depolarization after locomotor training
alone is not similar among muscles and leg sides [46], probably
related to the function of commissural interneurons and spinal
motoneurons at baseline, and strength of reorganization after
training [2]. Further, adaptation of motoneuron depolarization at
different speeds (Fig. 4) suggest for velocity-dependent moto-
neuron modulation and thus for spinal neural circuits to
adequately adapt to locomotion speeds, similarly to the locomotor
EMG activity [47, 48]. It is possible that transspinal stimulation and
locomotor training may have increased the responsiveness of
motoneurons producing a more synchronized depolarization. This
may have been accomplished by hyperpolarizing the spike
threshold of motoneurons residing within the subliminal fringe
making motoneurons more excitable to given inputs and maintain
a steady depolarization to a given input and/or depolarizing the
membrane potential [49]. This mechanism of action likely might
be associated with changes in the slope (or gain) and excitability
threshold of the FRAs, muscle afferents, and alpha motoneurons,
as demonstrated after locomotor training alone [50]. The
nonsignificant changes in slope and threshold may be related to
the fact that SCI subjects had motor complete SClI requiring
possibly more training sessions for such changes to manifest.

Limitations of the study

This was an exploratory study, and as such randomized clinical
trials involving different stimulation frequencies, groups of
subjects receiving stimulation or locomotor training alone or both
interventions, follow-up experiments to establish the sustainability
in time of these neurophysiological changes, and clinical measures
of spasticity are needed. Further, while reorganization in motor
complete SCI can be attributed mostly to changes in local spinal
circuits, individuals with present motor activity should be tested in
order to assess improvements in motor function and ability to
stand and walk. Last, while depression of reflex excitability can
have significant clinical benefits, behavioral and clinical side
effects remain to be established via randomized clinical trials in
individuals with SCI.
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