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Obijective: To compare phase- and task-dependent H-reflex modulation in standing and walking in 2 spinal cord injury (SCI)
groups with and without a walker. Methods: Fourteen subjects with American Spinal Injury Association Impairment Scale
D SCI (4010 years) participated. Tibial nerve was stimulated to evoke 15 H-reflexes (at M-wave 7%-13% of maximum-M).
Results: H-reflex was greater in the walker group during stance (but not standing/swing). Conclusion: Differences in H-reflex
modulation between groups walking with and without a walker may be explained by sensory mechanism that enhances central
excitation, difference in motor activation levels between groups, and other complex mechanisms that influence balance or stability.
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ore than 50% of ambulatory individuals

with spinal cord injury (SCI) use devices

to assist with walking.! The impact of
assistive devices on neuronal excitability, although
tested in healthy controls,” remains unclear after
SCI. Reflex impairments have been previously
reported after SCI in standing and walking.’
Modulation of soleus H-reflexes is highly task
specific; there is smaller reflex size during standing
compared to the semi-reclined position.* Similarly,
the reflex size is significantly smaller (or absent)
during the swing phase compared to the stance
phase of walking in non-injured individuals.*
Although the H-reflex modulation is impaired
after SCI, it is not clear what specific aspects of
standing and walking such as afferent activation
and loading during use of assistive devices most
directly affect reflex modulation.
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Traditionally, some form of walking assistance
such as a walker is prescribed to assist SCI-
impaired standing and locomotion.” Although
many individuals with SCI use a variety of assistive
devices, a walker with 4 contact points affords
greater stability.® Using a walker engages bilateral
upper limbs in weight bearing and increases the
muscular effort in the arms® compared to walking
with canes or no assistive devices. Although the
level of arm weight bearing is difficult to monitor,
individuals using walkers may need to use intense
arm muscle activity to assist with walking. Soleus
H-reflex facilitation is seen during intense arm
muscle activity, also known as the Jendrassik effect.”®
With already hyperexcitable reflexes after SCI, it
is not clear whether the assistive device use and
the associated arm loading create conditions that
further increase or decrease the spinal excitability.
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A previous study revealed that a phase-dependent
modulation of H-reflex excitability decreased in
proportion to the use of walking assistive device.*
Because walkers are routinely prescribed to
assist with locomotion in the SCI population, it is
important to understand the neurophysiological
impact of walker use. The first step in developing
a deeper understanding is to assess the reflexes of
individuals with SCI walking with and without a
walker. The purpose of this exploratory study was to
understand whether the task- and phase-dependent
modulation of spinal reflex excitability was different
between the 2 groups of participants with SCI who
habitually walked with a walker compared with
those who walked habitually without a walker.

Methods

Fourteen participants with a motor incomplete
SCI (age, 4010 years; American Spinal Injury
Association Impairment Scale [AIS] level D)
participated in the study. Table 1 summarizes the
demographic data of participants with SCI. All
participants reviewed and signed an informed
consent form approved by the institutional
review board. Inclusion criteria were age 18 to
65 years; first time SCI diagnosis; SCI etiology
ranging from trauma, vascular, or orthopedic
injury; cervical or thoracic level injury; AIS
categories C or D; medical status approval from
participant’s physician; no other pre-existing
neural degenerative conditions; and the ability to
walk independently (with or without an assistive
device) for at least 20 feet. The medication-related
information was recorded through a participant
interview, and the comfortable walking speed
was assessed by asking the participants to walk
on a 0.63-m-long digitized mat with embedded
microswitches. All participants walked 3 times
on the mat, and comfortable walking velocity was
determined using GAIT MAT Ila software (EQ,
Inc, Chalfont, PA). All the assessments were done
by an experienced physical therapist.

The tibial nerve was stimulated in the popliteal
fossa (at 5-second intervals) to evoke soleus
H-reflexes on the more affected side (based on AIS-
Motor score). We adjusted the stimulus intensity to
ensure that the M-wave size was within a range of
7% to 13% of the maximum M-wave (Mmax). For

detailed data collection methods, refer to the 2010
Phadke et al article.” Briefly, we plotted the H-reflex
recruitment curve to ensure that the H-reflexes
were evoked on the rising phase of the recruitment
curve. Data acquired at a sampling rate of 10 KHz
per channel were stored digitally and analyzed
offline using the Data-Pac III software (Run
Technologies). The H-reflex amplitude was
measured using the raw peak-to-peak amplitude,
which was then normalized to the Mmax (tested in
a relatively stable standing position).

Testing positions

Standing: We did not provide any specific
instructions regarding the use of arms while using
assistive devices in any testing position.

Walking: We evoked soleus H-reflexes in the
midstance and midswing phases of walking
(visually confirmed using foot-switches) at a self-
selected pace over ground. Stimuli were presented
randomly over the course of walking (eg, every
3-4 steps) to acquire up to 15 responses per phase.
We evoked 15 H-reflexes per position in order to
collect 10 H-reflexes, required for averaging and
for accurate and consistent between-day data.’ The
same tester evoked H-reflexes in all the participants
and the background EMG 100 ms preceding the
H-reflex was recorded for all trials. The soleus
H-reflex testing in standing and walking shows an
excellent reliability in individuals with SCI."

Statistical analysis

We formed 2 groups that were comparable in
age, chronicity (duration of injury), motor scores,
and spasticity: walker (WA) and no-WA (n =7 in
each group (Table 1). We used the Mann-Whitney
test to compare groups using IBM SPSS (version
17.0; IBM Corp., Armonk, NY) and XL Toolbox
(© 2008-2011 Daniel Kraus, Wiirzburg, Germany)
to create the tables and figures.

Results

Fourteen participants with diverse ages (range,
22-76 years), injury interval (5-88 months), gender,
medication, motor scores, type of walking assistance
utilized, and walking speed (0.06-1.43 m/s)
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Figure 1. H-reflex amplitude (normalized to Mmax) compared
between walker and no-walker groups in three positions (standing,
stance, swing). *Statistical differences (P < .05).

participated (see Table 1 for demographics). Age,
chronicity, the AIS motor scores, and spasticity
were not significantly different between the
2 groups. The mean walking speed of the no-WA
group (0.83+£0.16 m/s) was significantly faster
than the WA group (0.25+0.03 m/s; P < .05).
We found, that the H-reflex amplitudes were
significantly greater in the WA group during stance
phase compared to the no-WA group (P < .05)
(see Figure 1). There was no significant difference
in the H-reflex amplitudes in the standing (P = .08)
and swing phase (P = .30) between the WA and
no-WA groups. The background EMG activity
(root mean square) did not differ systematically
in all testing positions (no statistical analyses were
possible due to low sample size) (Table 2).

Discussion

We recorded significantly greater stance-phase
reflex amplitude in the WA group compared to
the no-WA group. The H-reflex amplitude did
not differ in swing phase of walking between the
2 groups; however, there was a trend (P = .08)
toward a greater reflex amplitude in standing in the
WA group. It is possible that walker use alters the

Table 2. Background EMG data

Participants Standing Stance Swing
No walker
1 0.10 0.10 0.04
3 0.09 0.14 0.05
5 0.11 0.12 0.13
6 0.08 0.06 0.05
8 0.07 0.06 0.05
9 0.09 0.10 0.09
10 0.12 0.13 0.13
Mean 0.10 0.10 0.08
Walker
2 N/A N/A N/A
4 0.06 0.07 0.06
7 0.14 0.14 0.15
11 0.04 0.04 0.03
12 N/A N/A N/A
13 N/A N/A N/A
14 N/A N/A N/A
Mean 0.08 0.08 0.08

Note: N/A = not available.

stance phase of walking more than the swing phase.
The significant between-group differences in
walking speed cannot solely explain the differences
in reflex excitability, because walking speed alters
reflex excitability in healthy controls but not in
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individuals with SCI.* Potential mechanisms
that may explain the higher soleus H-reflex
amplitude in the WA group include unloading of
the legs, loading of the arms, increased manual
grip pressure, level of impairment, and abnormal
muscle activity patterns.

The use of walker may involve some degree
of leg unloading, because partial body weight
may be borne through the arms. However, a
previous report suggests that short-term leg
unloading does not change the reflex excitability.!!
It is possible that arm loading and manual grip
pressure required for squeezing the walker
handles activated cutaneous afferents in the
hand and wrist known to influence the soleus
H-reflex excitability through interlimb neural
connections.'? In this study, we did not record the
percentage of loading through the arms and legs
and were unable to discriminate the effect of arm
versus leg unloading on the reflex size. Using a
walker also actively restrains the arm swing and
increases reflex excitability in the able-bodied
controls.” It is possible that the mechanism
underlying the changes seen in the able-bodied
controls® can also help explain the higher reflex
excitability in the SCI participant group using a
walker in our study. Altered sensory input arising
from flexed neck and an upper body posture
typically seen with walker use and associated
vestibular changes may have also contributed to
increase in the reflex excitability.

In addition to the walker use, there may have
been subtle differences in motor control not
detected by the AIS motor scores between the
2 groups. Disruption of interlimb coordination
and decrease in the complexity of muscle
activation patterns during walking with assistive
devices' may be another possible mechanism to
explain our findings. Decrease in the complexity
and coordination of muscle activation is reflective
of impaired motor control. Individuals post-SCI
needing assistive devices to ambulate probably
experience a greater degree of impaired motor
control.”® Thus, it is possible that the individuals
with motor incomplete SCI in the walker group
were more impaired, resulting in greater reflex
excitability.'® Other factors such as balance or
trunk control, not tested in this study, may also
influence the reflex excitability.

We did not specifically control for the Jendrassik
effect (facilitation of soleus by intense arm muscle
activity for, for example, squeezing tennis balls®). In
the WA group, leaning over the walker for support
or squeezing the walker hand grips harder when
sensing imbalance may have induced a Jendrassik
effect depending on the level of arm muscular force
exerted. However, we did not measure the force
applied on the walker handles or grip strength in
general and are thus unable to discriminate the
between-group differences in grip force. It is also
possible that Jendrassik effect was greater in the
standing and stance phase because of the greater
threats to balance in these positions. In the swing
phase of walking, participants were likely more
stable because the nontested and less-impaired
leg was loaded. In contrast, in the stance phase of
walking, participants may be less stable as the more-
impaired (tested) leg was loaded. Thus, differences
in balance requirements may explain the lack of
a change in reflex excitability in the swing and
standing conditions. It is also possible that the
WA group had more impaired reflex excitability
unrelated to the walker use and needs to be tested
using within-subject design controlling for limb
loading and trunk posture in future studies.

Although not statistically different, the WA
group was more acute (25 months since injury)
compared to the no-WA group (36 months since
injury) and may explain the greater reliance on
a walker in the WA group. The WA group may
have experienced greater balance impairment
requiring use of a walker; however, we did not
measure balance in this study. A previous study
has reported that a greater reflex size in individuals
with SCI is associated with a need for greater
walking assistance.* Thus, it is also possible that the
WA group experienced higher reflex excitability
and hence required use of a walker to maintain
balance. We did not specifically examine the effect
of walker, and future within-group designs such
as those comparing individuals who use a walker
and test their reflexes with and without a walker
will need to address that. One of the limitations
of this study is that we did not control for what
the upper extremities were doing; this may have
affected our results. Furthermore, one participant
used an ankle-foot orthosis, which may also affect
modulation of the H-reflex.?
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Conclusion

Our exploratory study indicates that walker use
may be responsible for a greater reflex amplitude
in participants in the walker group compared
to those who do not use a walker. It is not clear
whether individuals with impaired reflexes need
to use a walker or use of a walker results in reflex
impairment. Neural plasticity can be a 2-way street,
and the direction of the relationship between
walker use and reflexes needs to be tested. Future
studies will need to test the neurophysiological
effect of walker use in individuals who use walkers
on a regular basis. Specifically, the Jendrassik effect
could be measured with forearm EMG activity
to help determine to what extent the Jendrassik
maneuver contributes to the effect found in the
walker group. Future studies also need to examine

the reflex excitability in able-bodied controls using
partial upper limb loading.
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