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Context/Objective: For persons with spinal cord injury, spasticity commonly interferes with activities of daily
living such as transfers. Electromyography can be used to objectively measure muscle spasms during
transfers, but how electromyographic measures relate to the impact spasticity has on life, or to clinically-rated
spasticity, is unclear. We aimed to characterize relationships among spasm duration and magnitude, impact
of spasticity on daily life, and a clinical measure of extensor spasticity, as well as to determine reliability of
the electromyographic measures.

Design: Participants (N=19) underwent electromyographic measurements of involuntary muscle activity (spasm
duration and magnitude) evoked in quadriceps muscles during transfers on two days. Impact of spasticity on
daily life was measured with the Spinal Cord Injury Spasticity Evaluation Tool. Clinically-rated spasticity
severity was measured with the Spinal Cord Assessment Tool for Spastic reflexes.

Results: No significant associations were found between impact of spasticity and spasm duration, spasm
magnitude, or clinical extensor spasticity score. Absolute and normalized spasm duration were positively
associated with clinical extensor spasticity score (rho=0.510-0.667, P < 0.05). Spasm measures during
transfers had good to excellent day-to-day reliability (rho=0.656-0.846, P < 0.05).

Conclusions: Electromyographic and clinical measures of involuntary activity in the lower extremity do not
significantly relate to perceived impact of spasticity on daily life. However, quadriceps spasm duration
during transfers is related to clinically-rated extensor spasticity. Electromyography is a reliable method of
quantifying quadriceps spasms during transfers. Future investigations should identify factors that
influence the impact of spasticity on life, which may help direct treatment strategies to reduce
problematic impact.

Keywords: Seated transfers, Electromyography, Spinal cord assessment tool for spastic reflexes, Spinal cord injury spasticity evaluation tool, Quadriceps
spasms
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Introduction

Spasticity develops in approximately 60-80% of indi-
viduals after a spinal cord injury (SCI) and is con-
sidered problematic by many of those who experience
it.'"* Spasticity has been defined as “disordered
sensori-motor control, resulting from an upper moto-
neuron lesion, presenting as intermittent or sustained
involuntary activation of muscles.”>’ This definition
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encompasses clinical signs of spasticity after SCI,
including increased tone or stiffness and muscle
spasms in response to proprioceptive or exteroreceptive
inputs. While spasticity commonly interferes with
activities of daily living (ADLs),>* ! some individuals
find spasticity helpful during specific ADLSs (e.g. during
transfers,>!! likely by providing postural stability or
body weight support) or as a signal of problems in
insensate parts of the body.”®*!'"!3 One of the most
common ADLs with which spasticity interferes is trans-
fer between seating surfaces,®’ a task that is performed
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an average of 14 times per day'* and that is critical for
independence after SCL.'°> Extensor spasms in the lower
extremity (knee extension, plantar flexion, and acti-
vation of muscles at the hip)*'®' is the most
common presentation of spasticity after SCI° and is
reported to interfere with transfers in particular®® as
well as other ADLs.>%1°

Many researchers have advocated for spasticity
research to focus on its problematic aspects,®'!2*-%!
however few physiological measures of spasticity that
are relevant to ADLs exist, especially for non-ambulat-
ory individuals. A small number of studies'***>* have
used electromyographic (EMG) recordings from leg
muscles paralyzed by SCI to measure involuntary
muscle spasms during ADLs. EMG and other measures
of involuntary muscle activity fall within the physiologi-
cal or “body functions” domain of the World
Health Organization’s International Classification of
Functioning in Disability and Health (ICF).?* The ICF
model provides a biopsychosocial framework for under-
standing and treating health conditions. Characterizing
the relationships between body functions and the
impacts of spasticity on activities and participation may
help identify physiological factors that influence the pro-
blematic impact of spasticity on life.

In a recent study by Mayo ez al. ' in which EMG was
recorded during seated transfers, the authors found
associations between the duration and time of agonist-
antagonist muscle coactivity and self-reported spasm
frequency, as well as the intensity of agonist-antagonist
coactivity and self-reported spasm severity. These
associations support the utility of EMG measurement
during transfers as an objective measure relevant to
the subjective experience of spasms. However, EMG
measures of spasms during transfers have not been com-
pared with a comprehensive measure that reflects the
impact of spasticity on ADLs. We focused on an exten-
sor muscle group (quadriceps) during an ADL (seated
transfers) with which extensor spasticity often inter-
feres.®> We hypothesized that the duration and magni-
tude of spasms evoked in a quadriceps muscle during
transfers would be strongly associated with more proble-
matic impact of spasticity on transfers and ADLs in
general.

Additionally, the day-to-day reliability of EMG record-
ings during transfers have not yet been evaluated, nor has
this measure been compared with a clinical test of spasti-
city severity. Good day-to-day reliability for EMG
measures and a strong relationship between EMG
during transfers and clinical spasticity tests would
further support the value of EMG recorded during trans-
fers as a tool in a multimodal assessment of spasticity.

Methods

Study design

Non-ambulatory participants with SCI and spasticity
performed seated pivot transfers on two separate days
while spasms (involuntary muscle contractions) were
recorded using EMG from a quadriceps muscle. On sep-
arate days, participants performed transfers once or
three times (Fig. 1). Even though individuals do not
perform multiple transfers in succession during ADLs,
repeating three trials for a measure is common (e.g.
the pendulum test) and allowed us to quantify the stab-
ility of repeat measurements. The number of transfers
performed on each day was counterbalanced into two
groups to prevent potential order effects, and partici-
pants were assigned to the groups using a randomization
generator.”® Intra-test periods spanned between one and
10 days.

Participants

Male and female volunteers between the ages of 18 and 65
with chronic SCI (>one year) were recruited over 20
months from The Miami Project’s SCI research volunteer
database. Participants had to exhibit knee extensor
spasms, either after imposed knee and hip extension
during the SCATS test?’ or by experimenter observance
of extensor spasms evoked by position change. One par-
ticipant who scored 0 on the SCATS extensor score had
visually observable quadriceps spasms invoked by pos-
itional change. Potential participants were excluded if
they needed lifting assistance to complete seated transfers.
Participants were excluded from analysis if they had evi-
dence of voluntary quadriceps function, defined as the
ability to elicit any increase in EMG amplitude during
intentional voluntary contraction of the quadriceps.

Contacted from database
(N=79)

Did not meet inclusion criteria (N=17)
Not interested or available (N=41)

I Randomization (N=21) |

Y v

Group 1 (N=11) Group 2 (N=10)
< One Three
s transfer transfers
V y
c:. Three One
<
a transfers transfer

Missing/Excluded Data:
Excluded for voluntary motor ability
(2 participants)

— EMG motion artifact (5 records)
EMG low signal-to-noise (1 record)
Video failed to record (1 record)

N/

Final Analysis (N=19)
(EMG data N=17)

Figure 1. Study design and participant exclusions.
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The study was performed at The Miami Project to
Cure Paralysis and was approved by the Institutional
Review Board of the University of Miami Miller
School of Medicine. The investigation was conducted
according to the principles expressed in the
Declaration of Helsinki. Written informed consent was
obtained from each participant.

Measures

Demographic information, injury characteristics and
medication information were collected by both examin-
ation and interview. The data presented in this article are
part of a larger data set.

Transfers

Each participant was given standardized instructions to
perform seated pivot transfers between his/her wheel-
chair and a mat table adjusted to the participant’s pre-
ferred height. Participants used their upper extremities
to place their feet on the floor and to push from the
seating surface and swing their body to the adjacent
mat table. Participants then used their upper extremities
to place their lower extremities onto and off of the mat
table. For data analysis, a single transfer was defined as
the movement from wheelchair to the mat table (with
legs on table) and then back to the wheelchair (see
representative EMG trace in Fig. 2). Transfer duration
was defined as the time to complete a single transfer.

x10 Chair>Table

On the day of three successive transfers, participants
rested less than one minute between transfers.

EMG recordings of spasms

We recorded spasms in the quadriceps, a muscle group
involved in extending the knee during extensor spasti-
city. We chose to record from vastus lateralis based on
superior signal quality and innervation zone uniformity
compared to rectus femoris.”® To record surface EMG
from vastus lateralis, a preamplifier with electrodes
(Motion Lab Systems Z03, Baton Rouge, LA, USA)
was placed on the vastus lateralis of the leg with the
greater SCATS extensor score. The distal electrode was
placed approximately 15 cm proximal to the patella at
a 20° angle from midline and affixed with medical
tape. A 3 cm diameter ground electrode was positioned
on the anterior thigh. The electrodes were placed in the
same locations on both testing days.

EMG data were sampled at 2000Hz with a Power 1401
interface, DC offset-corrected, and filtered from 30-
S500Hz using Spike2 software (Cambridge Electronic
Design, Cambridge UK). EMG recordings were time-
synchronized with video for post hoc evaluation of pivot
transfer start/end times and for quality control.

Maximal compound muscle action potentials (M-Max)

M-max was used to normalize EMG amplitude during
spasms across our participants. Normalization

Table->Chair

251

IEMG activity (mV*seconds)
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I
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Figure 2. EMG during transfer. Example record of filtered, rectified, and integrated EMG activity in vastus lateralis during a seated
transfer, from wheelchair to mat table and back to wheelchair. Spasms were often evoked when a participant removed his/her legs
from the mat table, however, the timing of spasm occurrence was unique to each individual. Individual spasms are highlighted with
light gray background for clarity. ¢ Spasm start, + Spasm end. Dotted line represents threshold value to separate EMG from baseline

noise.
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reconciles biological differences (such as differences in
subcutaneous fat) and experimental differences (such
as different electrode spacing or placement on muscle)
across participants. The M-max of vastus lateralis was
elicited by electrical stimulation of the femoral nerve
with a DS7A stimulator (Digitimer Ltd, Welwyn
Garden City, UK).?> The cathode was placed in the
femoral triangle at the site that achieved the greatest
evoked EMG at the lowest intensity.’® The current
intensity was increased in a step-wise manner until the
maximal M-wave amplitude was stable for five pulses
(i.e. no further increase in amplitude despite increasing
stimulus intensity).

Impact of spasticity on ADLs

Impact of spasticity on daily life was measured with the
SCI-Spasticity ~ Evaluation ~ Tool  (SCI-SET)."?
Participants rated the impact of spasticity from -3 (extre-
mely problematic) to + 3 (extremely helpful) on 35 items
related to ADLs. The SCI-SET demonstrates internal
consistency, test-retest reliability, face validity and con-
struct validity'? and has been recommended based on
these psychometric properties to be useful for assessing
the impact of spasticity on daily life in people with
SCI.!*2 Responses are averaged to provide a measure
of the overall impact of spasticity on ADLs for an indi-
vidual. Correlations were performed separately for par-
ticipants with SCI-SET scores in the “problematic” and
“neutral” range (<0), from those in the “helpful”
range (>0).

Clinical spasticity severity

The Spinal Cord Assessment Tool for Spastic reflexes
(SCATS)? is a clinical spasticity measure with ade-
quate construct validity and inter-rater reliability.
Unlike the modified Ashworth scale, it is designed to
measure three presentations of spasticity typical in
SCI: evoked extensor spasticity, evoked flexor spasti-
city, and evoked clonus. A trained evaluator applies
a stimulus (passive muscle stretch or pinprick) and
then scores the response from 0-3 based on the test cri-
teria. For comparisons with vastus lateralis EMG, the
SCATS extensor spasticity score for the corresponding
leg was utilized throughout this study. The evaluator
of the SCATS score was blinded to all of the other
assessments, which were performed by a different
investigator.

Data analysis
Spasm analysis
All EMG acquired during transfers was considered
involuntary, as participants had no perceived control
of vastus lateralis, and no visible contraction or

increased EMG activity occurred in the muscle during
requested maximal voluntary contractions. The method-
ology of Thomas et al.** was employed with slight modi-
fications for spasm analysis. Briefly, filtered and
rectified EMG was integrated over 10ms. To separate
spasms from baseline noise, a threshold was calculated
based on the 30s rest period prior to transfer. A spasm
was defined as having >50ms of above-threshold inte-
grals in a period of at least 100ms, preceded and fol-
lowed by at least 1s of below-threshold integrals (see
Fig. 2). “Spasm duration” was defined as the temporal
sum of discrete spasms during a given transfer.
“Spasm magnitude” was defined as the total integrated
EMG area (mV*s) during spasms for a given transfer,
normalized to M-max. When a participant did not
experience spasms during a particular transfer (based
on EMG activity, N=3), spasm duration and magni-
tude were “0” for that transfer.

EMG records were visually reviewed for quality.
Seven records from five participants were excluded
because they had continuous motion artifacts (abnor-
mally high amplitude spikes, N=5), low signal to
noise ratio (N=1), or the video failed to record (N=1).

Statistical analysis

An a priori sample size of 19 was determined™ using a
two-tailed test with an alpha level of 0.05, a power of
80%, and a correlation coefficient of 0.6. A coefficient
of 0.6 would represent a strong correlation between
SCI-SET scores and EMG measures, as hypothesized.
Data analysis was performed in SPSS 22 (SPSS Inc,
Chicago, IL, USA). Shapiro-Wilkes tests revealed trans-
fer and EMG variables (spasm duration, spasm magni-
tude, and transfer duration) were not mnormally
distributed, therefore nonparametric tests were used to
analyse EMG data, as well as ordinal SCATS and
SCI-SET data. Specific tests utilized (all 2 tails) are
described in the Results. For tests with multiple com-
parisons, P-values were adjusted with a Bonferroni cor-
rection. No significant order effects were found for the
four transfer variables (absolute and normalized
spasm duration, spasm magnitude, transfer duration)
using carryover effects analysis described by Welleck.>*
Thus, subject data were combined for all analyses
regardless of group assignment (see Fig. 1).

Results

Participants

Nineteen participants were included in the final analysis
(17 males, 2 females, Table 1). Mean age was 39.5 years
(SD=10.2) and mean time since injury was 15.6 years
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Table 1 Participants included in final analysis.
Years Post- Injury AIS SCATS
Subject Group Sex Age injury level grade LEMS extensor Prescription antispastics
1 1 F 28 2 T2 A 0 2 None
2 1 M 32 13 C7 A 0 2 None
3 2 M 52 28 T9 C 0 2 None
4 2 M 28 2 T2 B 0 1 None
5 1 M 27 5 T1 B 0 2 Baclofen 10mg tid, Dantrolene 50mg tid
6 1 M 46 14 T10 A 0 3 None
7 2 M 41 20 T3 A 0 2 None
8 1 M 40 3 C7 C 0 1 Baclofen 20mg gid
9 2 M 35 13 T8 A 0 1 Baclofen 40mg tid
10 1 M 37 20 T10 A 0 3 None
11 2 M 60 41 T9 C 2 3 None
12 1 M 44 14 T4 A 0 2 Baclofen 20mg tid, Oxybutynin 5mg tid
13 2 M 34 16 T4 A 0 3 Solifenacin 20mg prn
14 2 M 35 6 T4 A 0 1 Baclofen 20mg gid, Oxybutynin 5mg tid
15 1 M 60 32 5 A 0 2 None
16 2 M 30 13 T3 A 0 1 Baclofen 20mg bid, Clonidine 0.1mg sid,
Oxybutynin 5mg bid
17 2 M 32 13 C5 C 0 1 Cyclobenzaprine 20mg prn
18 1 F 39 10 T2 A 0 0 Baclofen 20mg tid, Darifenacin 15mg sid
19 M 50 32 T12 B 1 2 None

AIS, american spinal injury association impairment scale; LEMS, lower extremity motor score (in the leg tested, max score=25); SCATS,
spinal cord assessment tool for spastic reflexes; qid, four times daily; tid, three times daily; bid, twice daily; sid, once daily; prn, as

needed.

(SD=11.0). The number of participants contacted and
excluded at each stage are noted in Fig. 1.

Spasm characteristics during transfers

All participants exhibited spasms during at least one of
the transfers, although one participant exhibited a brief
spasm during only one of the four transfers. On
average, participants took 75.4s (SD=47.4) to complete
a single transfer and quadriceps spasms were present
23.1s (SD=23.6). When normalized to transfer duration,
spasms were present an average of 31.4% (SD=30.3) of
the transfer time. Means, medians and ranges for each
variable and each transfer are depicted in Fig. 3. No sig-
nificant differences were detected between a single trans-
fer and the first of three transfers for any of these
variables (Wilcoxon signed rank tests, Fig. 3).

A single transfer and the first of three successive trans-
fers are similar tasks in that they are both a first transfer
(whereas the second and third transfers may be influ-
enced by the muscle history of prior transfers). Thus,
we compared the reliability of our variables for these
two transfers. The single transfer and first of three trans-
fers demonstrated good or excellent test-retest reliability
(Spearman’s rho, Fig. 4) for all four variables. Thus,
each participant’s values for the single transfer and
first of three transfers were averaged over the two
testing days to create a single, more robust value for
use in correlations to other measures.

The Journal of Spinal Cord Medicine 2019 voL. 42 NO. 3

Successive transfers demonstrated good-to-excellent
internal consistency for spasm duration, magnitude
and transfer duration variables (Cronbach’s a,
Table 2). Significant differences were found among
three successive transfers for all 4 of these variables
(Friedman’s ANOVA by ranks, Fig. 3A, B, and C,
respectively), but not when spasm duration was normal-
ized to transfer duration (Fig. 3D).

Impact of spasticity on ADLs is not associated
with measures of spasms evoked during a
common ADL

The impact of spasticity on ADLs (mean SCI-SET
score) was perceived as “problematic” for 16 partici-
pants and “helpful” for three participants. No signifi-
cant relationships were found between the duration or
magnitude of quadriceps spasms during transfers and
the perceived problematic or helpful impact of spasticity
on ADLs (Spearman’s rho, Fig. 6A). Similarly, spasm
duration normalized to transfer duration did not corre-
late with either problematic or helpful impact (rho =
0.008, P = 0.978, and rho = 0.500, P = 0.677, respect-
ively). Clinically-rated spasticity severity measured by
SCATS did not correlate significantly with impact on
ADLs for either (unilateral) extensor scores alone or
bilateral sum scores, which also included flexor spasms
and clonus (rho value range: 0.000 to 0.866; P value
range: 0.333 to 1.000).
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Figure 3. Transfer-related responses from single transfers and repeated transfers. Boxplots represent median, 25" and 75"
percentiles for each variable. Whiskers represent ranges and “X”s represent means. (A) Spasm duration, (B) spasm magnitude,
(C) transfer duration, and (D) spasm duration as a percent of transfer duration. Wilcoxon signed rank tests performed between
single and first of three transfers for each variable. Friedman’s ANOVA performed between first, second and third successive
transfers. *P < 0.05, ** P < 0.01. N=14 with EMG data on both days tested.

Specifically regarding the impact of spasticity on
transfers (SCI-SET question #3), 15 participants with
EMG records considered it problematic or neutral
while four considered it helpful. Neither duration nor
magnitude of quadriceps spasms during transfers were
significantly associated with the perceived impact of
spasticity on transfers (Fig. 6B), although spasm dur-
ation demonstrated a strong positive correlation with
helpful impact that approached significance (rho =
0.949, P = 0.051, Fig. 6B).

A greater time since injury was significantly associ-
ated with less problematic impact of spasticity on
ADLs overall (rho = 0.501, P = 0.029) and specifically
on transfers (rho = 0.568, P = 0.011). Controlling for
time since injury did not significantly change corre-
lations between impact scores and transfer-related vari-
ables, which remained non-significant. Age, injury
level, and dosage of antispastic medications did not
have a significant relationship with transfer-related
variables or measures related to the impact of spasticity
on daily life.

Spasms evoked by transfers correlate with a
clinical measure of spasticity severity

The extensor score of the SCATS was positively associ-
ated with average spasm duration (Fig. 5A) and spasm
duration normalized to transfer duration (Fig. 5C).
Average spasm magnitude did not significantly correlate
with SCATS extensor score but the trend was similar to
that for spasm duration (Fig. 5B). Transfer duration did
not correlate significantly with SCATS extensor score
(rho = -0.253, P = 0.327).

Discussion

Spasticity is a multidimensional phenomenon,
therefore it is important that a combination of self-
reported perceptions and objective measures is con-
sidered when assessing spasticity or changes in spasti-
city due to treatment.”**? This study addressed the
lack of characterized associations among measures of
involuntary muscle activity and the impact of spasticity
on transfers and ADLs in general by investigating
relationships among spasm duration and magnitude

32,35,36
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Figure 4. Day-to-day reliability of transfer-related variables. Responses from single transfer plotted against responses from the
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during transfers, perceived impact of spasticity on
ADLs, and clinically-rated spasticity severity. Even
though extensor spasticity is often reported to interfere
with ADLs,>* % we found no significant relationships
between problematic impact scores and quadriceps
spasm duration or magnitude measured with EMG
or clinically-rated extensor spasticity measured with
the SCATS. We found that greater time since injury
was associated with less problematic impact of spasti-
city on both ADLs in general and on transfers,
which has been noted in some studies,>® but not
others.”® In another study of individuals with SCI,

Table 2 Internal consistency of 3 successive transfers
measured by Cronbach’s a.

a* 95%Cl
Spasm Duration 0.898 0.758-0.963
Spasm Magnitude 0.812 0.554-0.932
Transfer Duration 0.901 0.766-0.964
Spasm Duration, % of Transfer Duration 0.936 0.846-0.977

Results were calculated from the 15 participants with viable EMG
data on 3-transfer day. *all P < 0.001.
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high self-reported spasm frequency during transfers,
pain, and the combined scores for spasm frequency
and pain were associated with greater perceived inter-
ference with function.'”

Interestingly, the impact of spasticity on ADLs for
most of our participants was minimally problematic
(Fig. 6A). However, for the question related to transfers,
participants gave a full range of responses from “extre-
mely problematic” to “extremely helpful” (Fig. 6B).
For the four participants reporting a helpful impact of
spasticity on transfers, the relationship of impact with
spasm duration was strongly positive and nearly signifi-
cant (Fig. 6B). Helpful influence of spasticity on trans-
fers has been noted in other studies,''*® as spasms can
provide postural stability or body weight support for
some individuals during this task.

This study demonstrates that EMG measurement of
spasm duration during seated transfers is positively
associated with clinically-rated spasticity severity.
Other studies have found that EMG activity recorded
during a clinical spasticity test correlated with the corre-
sponding score;'®'82737 however, our EMG measures
were not recorded during the SCATS test itself but
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transfer duration. Spearman rank correlations; *P < 0.05, **P < 0.01. N=17 with EMG data from at least one day.

instead during seated transfers. The relationships we
found provide evidence that the SCATS extensor score
has relevance to involuntary muscle activity during a
real-life activity. The positive relationship between
EMG variables and SCATS extensor score was strongest
when spasm duration was normalized to the overall time
to complete the transfer. Normalizing spasm duration
may have reduced variability due to other factors that
influence transfer mobility, such as upper extremity
strength, body mass, and transfer technique.*®>’
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Figure 6.

Our EMG measurements of quadriceps spasm dur-
ation and magnitude during seated transfers were
reliable day-to-day (Fig. 4) and had internal consistency
across repeated trials (Table 2), supporting prior evi-
dence that EMG is a useful method for objectively
quantifying spasms during transfers.'® Despite adequate
internal consistency, both spasm duration and magni-
tude decreased after the first transfer (Fig. 3A and B).
Previous research has demonstrated that both active

and passive muscle movement increases post-
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Impact of spasticity is not associated with quadriceps spasm EMG during seated transfers. Impact of spasticity on ADLs

(SCI-SET mean) plotted against (A) spasm duration (left) and spasm magnitude (right); (B) impact of spasticity on transfers (SCI-SET
question #3) plotted against spasm duration (left) and spasm magnitude (right). Participants with “Problematic” and “No Effect”
ratings analyzed separately from those with “Helpful” ratings using Spearman rank correlations. X axis values: -3=Extremely
Problematic, -2=Moderately Problematic, -1 =Mildly Problematic, 0=No Effect, +1=Mildly Helpful, +2=Moderately Helpful,

+3=Extremely Helpful.
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activation depression and leads to a decrease in
spasticity.*>*  Therefore, muscle activation during
initial spasms and peripheral stimulation during trans-
fers may have elicited post-activation depression or
other sources of segmental inhibitory feedback, result-
ing in shorter spasm duration during subsequent
transfers.

Similar to EMG measures, SCATS scores did not cor-
relate with the impact of spasticity on ADLs. This con-
trasts with a study by Bravo-Esteban et al.'® In their
study, SCATS extensor scores inversely correlated with
SCI-SET scores. Differences between studies may be
due to differences in participant inclusion -- notably,
their inclusion of ambulatory individuals. Extensor
spasms strongly interfered with gait function in their
study'® and have been associated with slower walking
speeds.*> Thus, perceived problematic impact of spasti-
city may be influenced by gait interference in ambulat-
ory individuals.

This study has some limitations. We recorded EMG
responses from a single muscle during one task, and it
is possible this task or muscle did not fully reflect the
varied nature of spasticity encountered in daily life. In
future studies, multiple channel EMG should be used
along with the SCI-SET to determine the influence of
various muscle groups on perceived impact of spasticity.
Further, EMG can reliably capture spasms, but EMG,
clinical tests such as the SCATS, and biomechanical
tests do not detect common sensations associated with
the experience of spasticity (i.e. feeling of muscle
tension or pain)®* that may influence the problematic
impact of spasticity.

The small sample size in this study can be considered
a limitation; the present sample size was calculated to
detect strong correlations. Due to the small number of
participants who reported a helpful impact of spasticity
on ADLs (N=3) or transfers (N=4), inferential stat-
istics in this subset should be interpreted with caution.
Additionally, we did not include individuals with volun-
tary quadriceps function to avoid any confounding
effects of voluntary activity on EMG recordings.
Therefore, results obtained from this sample of partici-
pants without voluntary function may not be generaliz-
able to all individuals with SCI. Further research in
larger and more diverse study samples are needed to elu-
cidate factors that may influence the perceptions of spas-
ticity and its impact on daily life.

Conclusions

We have demonstrated that the duration and magnitude
of quadriceps spasms during transfers are not directly
related to the perceived problematic impact of spasticity

The Journal of Spinal Cord Medicine 2019 voL. 42 NO. 3

on transfers or ADLs in general. However, quadriceps
spasm duration and magnitude measured with EMG
during a seated transfer are reliable, and EMG measures
of spasm duration are directly associated with a clinical
measure of extensor spasticity. Exploring more complex
interactions between body function measures of spasti-
city and other factors such as pain and psychological
characteristics may help identify factors that strongly
influence the impact that spasticity has on daily life.
Further understanding may help direct treatment strat-
egies to reduce the problematic impact of spasticity in
persons with SCI and may also be useful across neuro-
logical conditions that involve spasticity, including
stroke, multiple sclerosis, cerebral palsy, traumatic
brain injury, vasculitis, CNS tumors, and muscular
dystrophies.

Acknowledgements

The authors thank Aaisha Sanaullah, Jennifer
Tibangin, James Adcock and Maydelis Escalona for
their help with experimentation and data processing.

Disclaimer statements
Contributors None

Funding This study was supported by The Miami
Project to Cure Paralysis.

Conflict of Interest Statement None.

Ethics approval The protocol was approved by the
University of Miami Miller School of Medicine
Institutional Review Board and conforms to the guide-
lines of the Declaration of Helsinki.

ORCID
Jacqueline Tibbett
5696

Eva G. Widerstrom-Noga
0208-3658

http://orcid.org/0000-0002-6807-

http://orcid.org/0000-0003-

References

Johnson RL, Gerhart KA, McCray J, Menconi JC, Whiteneck
GG. Secondary conditions following spinal cord injury in a popu-
lation-based sample. Spinal Cord 1998;36(1):45-50.

Skold C, Levi R, Seiger A. Spasticity after traumatic spinal cord
injury: nature, severity, and location. Arch Phys Med Rehabil
1999;80(12):1548-57.

Levi R, Hultling C, Nash MS, Seiger A. The Stockholm spinal
cord injury study: 1. Medical problems in a regional SCI popu-
lation. Paraplegia 1995;33(6):308-15.

4 Maynard F, Karunas R, Waring W. Epidemiology of spasticity fol-
lowing traumatic spinal cord injury. Arch Phys Med Rehabil 1990;
71(8):566-9.

Burridge JH, Wood DE, Hermens HJ, Voerman GE, Johnson GR,
van Wijck F, et al. Theoretical and methodological considerations
in the measurement of spasticity. Disabil Rehabil 2005;27(1-2):
69-80.

—_—

[\S)

W

W


http://orcid.org/0000-0002-6807-5696
http://orcid.org/0000-0002-6807-5696
http://orcid.org/0000-0003-0208-3658
http://orcid.org/0000-0003-0208-3658

(o]

10

1

—

12

13

14

15

16

17

18

19

20

2

—_

22

23

24

Tibbett et al. Impact of spasticity on transfers and activities of daily living in individuals with spinal cord injury

Pandyan AD, Gregoric M, Barnes MP, Wood D, Van Wijck F,
Burridge J, et al. Spasticity: clinical perceptions, neurological realities
and meaningful measurement. Disabil Rehabil 2005;27(1-2):2-6.
Tardieu G, Shentoub S, Delarue R. [Research on a technic for
measurement of spasticity]. Rev Neurol (Paris). 1954;91(2):143-4.
Fleuren JF, Voerman GE, Snoek GJ, Nene AV, Rietman JS,
Hermens HJ. Perception of lower limb spasticity in patients with
spinal cord injury. Spinal Cord 2009;47(5):396-400.

Little JW, Micklesen P, Umlauf R, Britell C. Lower extremity
manifestations of spasticity in chronic spinal cord injury. Am J
Phys Med Rehabil 1989;68(1):32-6.

Bravo-Esteban E, Taylor J, Abian-Vicén J, Albu S, Simoén-
Martinez C, Torricelli D, et al. Impact of specific symptoms of
spasticity on voluntary lower limb muscle function, gait and
daily activities during subacute and chronic spinal cord injury.
NeuroRehabilitation. 2013;33:531-43.

Mahoney JS, Engebretson JC, Cook KF, Hart KA, Robinson-
Whelen S, Sherwood AM. Spasticity Experience Domains in
Persons With Spinal Cord Injury. Arch Phys Med Rehabil 2007;
88(3):287-94.

Manella KJ, Torres J, Field-Fote EC. Restoration of walking func-
tion in an individual with chronic complete (AIS A) spinal cord
injury. J Rehabil Med 2010;42(8):795-8.

Adams MM, Ginis KM, Hicks AL. The Spinal Cord Injury
Spasticity Evaluation Tool: Development and Evaluation. Arch
Phys Med Rehabil 2007;88(9):1185-92.

Finley MA, McQuade KJ, Rodgers MM. Scapular kinematics
during transfers in manual wheelchair users with and without
shoulder impingement. Clin Biomech 2005;20(1):32-40.

Gagnon D, Nadeau S, Noreau L, Eng JJ, Gravel D. Trunk and
upper extremity kinematics during sitting pivot transfers per-
formed by individuals with spinal cord injury. Clin Biomech
2008;23:279-90.

Schmit BD, Benz EN. Extensor reflexes in human spinal cord
injury: activation by hip proprioceptors. Exp Brain Res 2002;145
(4):520-7.

Wu M, Hornby TG, Hilb J, Schmit BD. Extensor spasms triggered
by imposed knee extension in chronic human spinal cord injury.
Exp Brain Res 2005;162(2):239-49.

Sherwood AM, Graves DE, Priecbe MM. Altered motor control
and spasticity after spinal cord injury: Subjective and objective
assessment. J Rehabil Res Dev 2000;37(1):41-52.

Mayo M, DeForest BA, Castellanos M, Thomas CK.
Characterization of involuntary contractions after spinal cord
injury reveals associations between physiological and self-reported
measures of spasticity. Front Integr Neurosci 2017;11(2).

van Cooten IP, Snoek GJ, Nene AV, de Groot S, Post MW.
Functional hindrance due to spasticity in individuals with spinal
cord injury during inpatient rehabilitation and 1 year thereafter.
Spinal Cord 2015;53(9):663-7.

Voerman GE, Gregoric M, Hermens HJ. Neurophysiological
methods for the assessment of spasticity: the Hoffmann reflex,
the tendon reflex, and the stretch reflex. Disabil Rehabil 2005;27
(1-2):33-68.

Winslow J, Martinez A, Thomas CK. Automatic Identification
and Classification of Muscle Spasms in Long-Term EMG
Recordings. IEEE J Biomed Heal Informatics 2015;19(2):464-70.
Thomas CK, Dididze M, Martinez A, Morris RW. Identification
and classification of involuntary leg muscle contractions in electro-
myographic records from individuals with spinal cord injury. J
Electromyogr Kinesiol 2014;24(5):747-54.

Voerman GE, Fleuren JFM, Kallenberg LAC, Rietman JS, Snoek
GJ, Hermens HJ. Patient ratings of spasticity during daily activities
are only marginally associated with long-term surface electromyo-
graphy. J Neurol Neurosurg Psychiatry 2009;80(2):175-81.

25

26

27

28

29

30

3

—

32

33

34

35

36

37

38

39

40

4

—_

42

Organization WH. International Classification of Functioning,
Disability and Health (ICF). Geneva: World Health
Organization; 2001.

Urbaniak GC, Plous S. Research Randomizer. 2013.

Benz EN, Hornby TG, Bode RK, Scheidt RA, Schmit BD.
A physiologically based clinical measure for spastic reflexes
in spinal cord injury. Arch Phys Med Rehabil 2005;86(1):
52-9.

Rainoldi A, Melchiorri G, Caruso I. A method for positioning
electrodes during surface EMG recordings in lower limb muscles.
J Neurosci Methods 2004;134(1):37-43.

Crone C, Hultborn H, Maziéres L, Morin C, Nielsen J,
Pierrot-Deseilligny E. Sensitivity of monosynaptic test
reflexes to facilitation and inhibition as a function of the test
reflex size: a study in man and the cat. Exp Brain Res 1990;81
(1):35-45.

Manella KJ, Roach KE, Field-Fote EC. Operant conditioning to
increase ankle control or decrease reflex excitability improves
reflex modulation and walking function in chronic spinal cord
injury. J Neurophysiol 2013;109(11):2666-79.

Balioussis C, Hitzig S, Flett H, Noreau L, Craven B. Identifying
and Classifying Quality of Life Tools for Assessing Spasticity
After Spinal Cord Injury. Top Spinal Cord Inj Rehabil 2014;20
(3):208-24.

Hsieh JTC, Wolfe DL, Miller WC, Curt A. Spasticity outcome
measures in spinal cord injury: psychometric properties and clini-
cal utility. Spinal Cord 2008;46(2):86-95.

Hulley S, Cummings S, Browner W, Grady D, Newman T.
Designing clinical research: an epidemiologic approach. 4th ed.
Philadelphia: Lippincott Williams & Wilkins; 2013. 79 p.

Wellek S, Blettner M. On the proper use of the crossover design in
clinical trials: part 18 of a series on evaluation of scientific publi-
cations. Dtsch Arztebl Int 2012;109(15):276-81.

Priebe MM, Sherwood AM, Thornby JI, Kharas NF, Markowski
J. Clinical assessment of spasticity in spinal cord injury:
a multidimensional problem. Arch Phys Med Rehabil 1996;77(7):
713-6.

Skold C. Spasticity in spinal cord injury: Self- and clinically rated
intrinsic fluctuations and intervention-induced changes. Arch Phys
Med Rehabil 2000;81(2):144-9.

Skold C, Harms-Ringdahl K, Hultling C, Levi R, Seiger A.
Simultaneous Ashworth measurements and electromyographic
recordings in tetraplegic patients. Arch Phys Med Rehabil 1998;
79(8):959-65.

Nyland J, Quigley P, Huang C, Lloyd J, Harrow J, Nelson A.
Preserving transfer independence among individuals with spinal
cord injury. Spinal Cord 2000;38(11):649-57.

Gagnon D, Nadeau S, Gravel D, Noreau L, Lariviére C, Gagnon
D. Biomechanical analysis of a posterior transfer maneuver on a
level surface in individuals with high and low-level spinal cord inju-
ries. Clin Biomech 2003;18(4):319-31.

Trompetto C, Marinelli L, Mori L, Pelosin E, Curra A, Molfetta
L, et al. Pathophysiology of Spasticity: Implications for
Neurorehabilitation. Biomed Res Int 2014;2014:1-8.

Chang Y-J, Liang J-N, Hsu M-J, Lien H-Y, Fang C-Y, Lin C-H.
Effects of continuous passive motion on reversing the adapted
spinal circuit in humans with chronic spinal cord injury. Arch
Phys Med Rehabil 2013;94(5):822-8.

Manella KJ, Field-Fote EC. Modulatory effects of locomotor
training on extensor spasticity in individuals with motor-incom-
plete spinal cord injury. Restor Neurol Neurosci 2013;31(5):
633-46.

Lechner HE, Frotzler A, Eser P. Relationship Between Self- and
Clinically Rated Spasticity in Spinal Cord Injury. Arch Phys
Med Rehabil 2006;87(1):15-9.

The Journal of Spinal Cord Medicine 2019 VOL. 42 NO. 3

327



	Introduction
	Methods
	Study design
	Participants
	Measures
	Transfers
	EMG recordings of spasms
	Maximal compound muscle action potentials (M-Max)
	Impact of spasticity on ADLs
	Clinical spasticity severity

	Data analysis
	Spasm analysis
	Statistical analysis


	Results
	Participants
	Spasm characteristics during transfers
	Impact of spasticity on ADLs is not associated with measures of spasms evoked during a common ADL
	Spasms evoked by transfers correlate with a clinical measure of spasticity severity

	Discussion
	Conclusions
	Acknowledgements
	Disclaimer statements
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


