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Objective: To determine the effect of transcutaneous spinal stimulation (TSS)

on an implanted intrathecal baclofen (ITB) pump in persons with traumatic

spinal cord injury (SCI).

Design: Prospective clinical trial.

Participants: Five individuals with chronic traumatic SCI, >18 years of age, and

an anteriorly implanted Medtronic SynchroMedTM II ITB pump delivery system.

Intervention: Transcutaneous spinal stimulation trials with cathode at T11/12,

with pump interrogation before, during and after stimulation.

Results: There was no evidence of any effect of the TSS in regards to

disruption of the ITB pump delivery mechanism. Communication interference

with the interrogator to the pump occurred often during stimulation for log

transmission most likely secondary to the electromagnetic interference from

the stimulation. One individual had elevated blood pressure at the end of the

trial, suspected to be unrelated to the spinal stimulation.

Conclusion: Based upon this pilot study, further TSS studies including persons

with an implanted Medtronic SynchroMedTM II ITB pump can be considered

when stimulating at the low thoracic spine, although communication with the

programmer during the stimulation may be affected.
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transcutaenous spinal cord stimulation, intrathecal baclofen pump, spinal cord injury,
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Introduction

Traumatic spinal cord injury (SCI) has an incidence
of approximately 17,900 cases per year with an estimated
prevalence ranging from 252,000 to 373,000 persons in the
United States (National Spinal Cord Injury Statistical Center,
2021). SCI can result in lifelong impairments and varying levels
of functional compromise. Spasticity is a common secondary
medical complication associated with SCI that affects up to
65% of patients with SCI (Holtz et al., 2017, 2018; Mills
et al., 2020; Richard-Denis et al., 2020). Spasticity most often
negatively impacts physical health, functional activities, as well
as quality of life; affecting domains of social, vocational, and
psychological wellbeing (Post et al., 1998; Mahoney et al.,
2007; Westerkam et al., 2011; Andresen et al., 2016; Barnes
et al., 2017; Tibbett et al., 2020; Vural et al., 2020; Field-Fote
et al., 2022). Numerous treatment strategies are available for
the treatment of spasticity including modalities, medications,
botulinum toxin injections, and intrathecal baclofen (ITB)
pump delivery systems for persons in whom spasticity does
not otherwise respond to these interventions (Walker et al.,
2016).

Transcutaneous spinal stimulation (TSS), a novel treatment
strategy that utilizes surface electrodes to generate currents
across the vertebral canal affecting spinal segments, can
potentially improve motor activity and enhance function
(Hofstoetter et al., 2013; Gad et al., 2017, 2018; Inanici et al.,
2018; Sayenko et al., 2019; Al’joboori et al., 2020; Meyer et al.,
2020; Zhang et al., 2020), as well as decrease secondary effects
of the injury including stabilizing blood pressure (BP) (Phillips
et al., 2018), and decreasing spasticity (Dimitrijevic M. M.
et al., 1986; Dimitrijevic M. R. et al., 1986; Hofstoetter et al.,
2014, 2020; Estes et al., 2017). TSS has also been effective in
decreasing spasticity following multiple sclerosis (Hofstoetter
et al., 2021).

Despite the potential benefits of treatment with TSS
for the SCI population, no studies to date have assessed
the interaction between TSS and ITB pumps, as patients
with implantable systems are often excluded from TSS trials
(Estes et al., 2017; Al’joboori et al., 2020; Hofstoetter et al.,
2020; Meyer et al., 2020). Patients with severe spasticity that
necessitated an ITB pump for treatment, may often have other
impairments that may benefit from the innovative intervention
of TSS.

This study was undertaken to determine the effect of
moderate intensity spinal stimulation on the implanted ITB
pump and delivery of the medication in persons with traumatic

Abbreviations: AIS, ASIA Impairment Scale; ASIA, American Spinal Injury
Association; BP, blood pressure; EMI, electromagnetic interference;
ISNCSCI, International Standards for Neurological Classification of Spinal
Cord Injury; ITB, intrathecal baclofen; MRI, magnetic resonance imaging;
NLI, neurological level of injury; SCI, spinal cord injury; sEMG, surface
electromyography; TSS, transcutaneous spinal stimulation.

SCI. We hypothesized that this type of spinal stimulation would
not have a negative impact on the delivery of the intrathecal
pump medication.

Materials and methods

Design

This prospective study was approved by our local
institutional review board prior to enrollment. Eligible
participants included individuals with traumatic SCI >6 months
who had an anteriorly implanted ITB pump delivery system
<7 years prior for management of spasticity, ≥18 years of age,
and a neurologic level of injury (NLI) above T12. Exclusion
criteria included history of seizure disorder or malignancy,
current pregnancy, and magnetic resonance imaging (MRI)
within the past 24 h, and ITB pump interrogation or refill
within the past 24 h.

After informed consent was completed, each participant
completed two separate stimulation trials. For stimulation, each
subject was placed in the supine position, arms and hands
pronated, and shoes removed. Self-adhesive round stimulating
electrodes (STIMEX, schwa-medico GmbH, Germany) were
applied over the skin at the midline of spinous processes
as cathodes (T11/12) and a pair of rectangular anode
electrodes (8 cm × 13 cm) were placed over the iliac
crests. Surface electromyography (sEMG) electrodes were
placed on bilateral rectus femoris, vastus lateralis, tibialis
anterior, and gastrocnemius muscles. sEMG data were collected
at 10,000 Hz using the MA400 systems (Motion Lab
Systems, Inc., Baton Rouge, LA, USA). The first trial
was used to determine stimulation intensity (BioStim-5,
Cosyma, Russia) where evoked potentials were present on the
recruitment curve in at least six out of eight of the lower
extremity muscles.

One spinal site (T11/12) was tested for initial amplitude
response and with the stimulation frequency of 2 Hz
(monophasic, rectangular 1-ms pulses with a carrier-wave
frequency set at 5 kHz). Stimulation started at 5 mA
and increased by 5 mA increments (Zhang et al., 2020).
The second trial involved continuous TSS over a 30-min
period based on parameters determined from the first trial.
Sub-threshold, tonic stimulation was delivered at dorsal
spinal segments (at T11/12) over the skin using 30 Hz,
monophasic, rectangular 1-ms pulses with a carrier-wave
frequency set at 5 kHz, with intensities between 40 and
60 mA.

The pump was interrogated 10 min prior to initiation of
stimulation, immediately prior to stimulation, every 5 min
until completion of stimulation, and 30 min following
discontinuation of stimulation. BP was monitored via a brachial
artery BP cuff every 5 min throughout the entire study, and was

Frontiers in Neuroscience 02 frontiersin.org

https://doi.org/10.3389/fnins.2022.1075293
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-16-1075293 December 15, 2022 Time: 15:36 # 3

Lopez et al. 10.3389/fnins.2022.1075293

taken at any additional time point if symptoms of autonomic
dysreflexia were noted.

Outcome measures

Assessment of pump delivery malfunction, via ITB pump
interrogation and review of event logs, was the primary
outcome measure to determine if motor stall or breakdown
occurred. Adverse events were assessed throughout the trials
and BP measurements were obtained to monitor for autonomic
dysreflexia. Participants completed a Global Impression of
Change scale at the completion of stimulation.

Participants were contacted 1 day after the stimulation
to identify subjective changes in tone or pain. Additionally,
the next refill for each participant was monitored for any
abnormalities, such as a volume discrepancy (between the
measured and expected pump reservoir fluid volumes) outside
the manufacturer’s accuracy specification.

Results

During the study period, seven individuals with an
implanted Medtronic SynchroMedTM II ITB pump were
screened and five participants completed the spinal stimulation
protocol. The two subjects who did not meet final criteria were
excluded due to the presence of a medical condition (malignancy
and ongoing treatment for an active infection). Demographic
data for the active participants are listed in Table 1.

There was no evidence in any of the cases of any disruption
from the TSS on the SynchroMedTM II pump delivery
mechanism as documented by the interrogation scans during
or after the stimulation period. An interesting and repeatable
finding in each case was that the communication between the
interrogator and pump for log transmission was inconsistent
during TSS. Specifically, for each subject throughout the
stimulation period, multiple attempts of communication of the
programmer interfacing with the interrogator failed, whereas
prior to and after each session there was no delay in

TABLE 1 Demographic data of subjects.

Participant Sex Age
(years)

NLI AIS grade

1 M 51 C5 B

2 M 58 C3 D

3 M 36 C5 A

4 M 36 C6 B

5 M 32 T1 C

M, male; NLI, neurological level of injury; AIS, American Spinal Injury (ASIA)
impairment scale.

interrogation. However, in each case, after a number of attempts
(usually 3–5), the interrogation was successfully completed.

Four participants had no adverse events during or after
the study intervention. One individual (Subject # 4) developed
elevated BP meeting criteria for autonomic dysreflexia [defined
as a rise in systolic BP >20 mmHg above baseline (Krassioukov
et al., 2021)], after 25 min of stimulation (second trial). Peak
BP during this episode was 198/112 mmHg. After sitting the
patient upright and performing intermittent catheterization,
the BP steadily decreased and at 1 h post catheterization was
150/77 mmHg. During the episode of autonomic dysreflexia, the
participant described symptoms similar to those he experienced
during previous urinary tract infections, including sensations
of bladder spasms and groin pain radiating to his left lower
extremity. As the BP improved, the symptoms resolved.
Further evaluation revealed a urinary tract infection based
upon symptoms, urinalysis, culture and sensitivity, and the
participant was treated with antibiotics by his primary SCI
physician.

One other participant had one asymptomatic systolic BP
reading that was >20 mmHg above baseline on an isolated
reading (an elevation from 101/63 mmHg at baseline to
132/74 mmHg, without a significant change in heart rate)
which resolved by the next BP reading (116/72 mmHg) without
intervention or interruption. BP readings for the other subjects
remained stable throughout the study period.

After each of the trials, the four subjects who did not
experience the episode of autonomic dysreflexia as noted above
had no change noted on their Global Impression of Change
at the completion of stimulation. At follow-up for routine
pump refill, no participant experienced objective increases in
tone or required ITB pump dose adjustments. Additionally, no
abnormalities appeared in the ITB pump event log.

Discussion

To our knowledge, this is the first prospective evaluation of
ITB pump delivery in persons with SCI undergoing TSS. During
the stimulation trials, no participant had any SynchroMedTM

II ITB pump malfunction evidenced by pump log evaluation.
This was consistent with our hypothesis that the pump would
not be stalled or damaged by the stimulation. The design and
construction (e.g., titanium shield) of the pump as well as its
implant location away from the TSS may contribute to its
resilience. While there was one adverse event noted during
the trial, it was most likely unrelated to the interaction of the
spinal stimulation and the baclofen pump, and instead due to
bladder related issues including a urinary tract infection possibly
combined with the supine position during the trial.

The interesting and repeatable finding was the interference
of the communication between the interrogator and the pump,
as log transmission was affected during TSS. The probable
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reason for the interruption is the electronic field created
by the TSS [a form of electromagnetic interference (EMI)
creating obstruction with the programmer telemetry]. As noted
in the labeling of the intrathecal pump, “EMI can interfere
with programmer telemetry. If EMI disrupts programming,
move the programmer away from the likely source of the
EMI (SynchroMedTM IsoMedTM, 2020, page 17).” Moving the
interrogator off the skin was at times helpful in decreasing the
interference, although was not effective in all cases, as it is
recommended to be a minimum of 20 cm away from the source
to minimize telemetry interference (SynchroMedTM IsoMedTM,
2020, page 16).

There are a few previous studies that have demonstrated
the safety of the combined neuromodulation approach of an
implanted spinal cord stimulator and an intrathecal pump (e.g.,
intrathecal baclofen, clonidine, or opioids) for treatment of
neuropathic pain, complex regional pain syndrome, and failed
back syndrome (Lind et al., 2004, 2008; Schechtmann et al.,
2010; Tomycz et al., 2010; Goto et al., 2013). This study,
however, is the first we are aware of to address the pump
mechanism during stimulation with TSS in persons with SCI.

There are some limitations to this initial pilot study.
Only one stimulation paradigm was completed in this
trial. It was felt that the effect on the pump mechanism
would not be different based upon changes in stimulation
parameters, although further study may be needed. The main
objective of this trial was to study the safety of TSS in
general in persons with an ITB pump in place. Moreover,
this study was the first to evaluate the effect of spinal
stimulation on the pump mechanism for SCI. Therefore,
the investigators implemented a conservative protocol with a
moderate stimulation level. Since communication interference
was observed even at this intensity, the effect of higher
stimulation intensities on the pump should be evaluated
in future studies.

Additionally, we did not study the effectiveness of the
stimulation parameters from a physiological or functional
standpoint, e.g., decreasing the level of spasticity or enhancing
motor control, and the study of these important issues would be
performed at a later time once deemed safe. Lastly, only one type
of intrathecal pump (Medtronic SynchroMedTM II) was studied,
although this was not an exclusion criteria.

Based upon this pilot trial, TSS may be performed safely
in persons with an implanted Medtronic SynchroMedTM II
ITB pump when stimulating at the thoracic spine (T11/12),
although communication with the programmer during the
stimulation may be affected due to near field interference.
One subject developed autonomic dysreflexia during the trial
that was not deemed to be secondary to the effect of the
stimulation with the pump in place. Further incremental
research is warranted to evaluate greater intensity of stimulation
with modulation in frequency and waveform. In addition,
further research is needed to study the effect of multi-site

stimulation on pump function, as well as the impact of
repeated sessions.

Data availability statement

The original contributions presented in this study are
included in this article/supplementary material, further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the Institutional Review Board at Kessler
Foundation. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

JL and SK contributed to the conception and design of
the study. JL, GF, KM, MR, SK completed the acquisition of
data. JL initiated the first draft of the manuscript. SK, GF,
EE-H, and BS wrote sections of the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted version.

Funding

This work was funded by the Tim and Caroline Reynolds
Center for Spinal Stimulation at Kessler Foundation.

Conflict of interest

KM was employed by Koneksa Health.
The remaining authors declare that the research was

conducted in the absence of any commercial or financial
relationships that could be construed as a potential
conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Frontiers in Neuroscience 04 frontiersin.org

https://doi.org/10.3389/fnins.2022.1075293
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-16-1075293 December 15, 2022 Time: 15:36 # 5

Lopez et al. 10.3389/fnins.2022.1075293

References

Al’joboori, Y., Massey, S. J., Knight, S. L., Donaldson, N. N., and Duffell, L. D.
(2020). The effects of adding transcutaneous spinal cord stimulation (tSCS) to sit-
to-stand training in people with spinal cord injury: A pilot study. J. Clin. Med.
9:2765. doi: 10.3390/JCM9092765

Andresen, S. R., Biering-Sørensen, F., Hagen, E. M., Nielsen, J. F., Bach, F. W.,
and Finnerup, N. B. (2016). Pain, spasticity and quality of life in individuals with
traumatic spinal cord injury in Denmark. Spinal Cord 54, 973–979.

Barnes, M., Kocer, S., Murie Fernandez, M., Balcaitiene, J., and Fheodoroff, K.
(2017). An international survey of patients living with spasticity. Disabil. Rehabil.
39, 1428–1434. doi: 10.1080/09638288.2016.1198432

Dimitrijevic, M. M., Dimitrijevic, M. R., Illis, L. S., Nakajima, K., Sharkey, P. C.,
and Sherwood, A. M. (1986). Spinal cord stimulation for the control of spasticity
in patients with chronic spinal cord injury: I. Clinical observations. Cent. Nerv.
Syst. Trauma 3, 129–144. doi: 10.1089/CNS.1986.3.129

Dimitrijevic, M. R., Illis, L. S., Nakajima, K., Sharkey, P. C., and Sherwood, A. M.
(1986). Spinal cord stimulation for the control of spasticity in patients with chronic
spinal cord injury: II. Neurophysiologic observations. Cent. Nerv. Syst. Trauma 3,
145–152. doi: 10.1089/CNS.1986.3.145

Estes, S. P., Iddings, J. A., and Field-Fote, E. C. (2017). Priming neural circuits
to modulate spinal reflex excitability. Front. Neurol. 8:17. doi: 10.3389/fneur.2017.
00017

Field-Fote, E. C., Furbish, C. L., Tripp, N. E., Zanca, J. M., Dyson-Hudson, T.,
Kirshblum, S., et al. (2022). Characterizing the experience of spasticity after spinal
cord injury: A national survey project of the spinal cord injury model systems
centers. Arch. Phys. Med. Rehabil. 103, 764–772.e2. doi: 10.1016/j.apmr.2021.03.
040

Gad, P., Gerasimenko, Y., Zdunowski, S., Turner, A., Sayenko, D., Lu, D. C., et al.
(2017). Weight bearing over-ground stepping in an exoskeleton with non-invasive
spinal cord neuromodulation after motor complete paraplegia. Front. Neurosci.
11:333. doi: 10.3389/FNINS.2017.00333

Gad, P., Lee, S., Terrafranca, N., Zhong, H., Turner, A., Gerasimenko, Y., et al.
(2018). Non-invasive activation of cervical spinal networks after severe paralysis.
J. Neurotrauma 35, 2145–2158. doi: 10.1089/NEU.2017.5461

Goto, S., Taira, T., Horisawa, S., Yokote, A., Sasaki, T., and Okada, Y.
(2013). Spinal cord stimulation and intrathecal baclofen therapy: Combined
neuromodulation for treatment of advanced complex regional pain syndrome.
Stereotact. Funct. Neurosurg. 91, 386–391. doi: 10.1159/000350022

Hofstoetter, U. S., Freundl, B., Danner, S. M., Krenn, M. J., Mayr, W., Binder,
H., et al. (2020). Transcutaneous spinal cord stimulation induces temporary
attenuation of spasticity in individuals with spinal cord injury. J. Neurotrauma 37,
481–493. doi: 10.1089/NEU.2019.6588

Hofstoetter, U. S., Freundl, B., Lackner, P., and Binder, H. (2021).
Transcutaneous spinal cord stimulation enhances walking performance and
reduces spasticity in individuals with multiple sclerosis. Brain Sci. 11:472. doi:
10.3390/BRAINSCI11040472

Hofstoetter, U. S., Hofer, C., Kern, H., Danner, S. M., Mayr, W., Dimitrijevic,
M. R., et al. (2013). Effects of transcutaneous spinal cord stimulation on voluntary
locomotor activity in an incomplete spinal cord injured individual. Biomed. Tech.
58:000010151520134014. doi: 10.1515/BMT-2013-4014

Hofstoetter, U. S., McKay, W. B., Tansey, K. E., Mayr, W., Kern, H., and
Minassian, K. (2014). Modification of spasticity by transcutaneous spinal cord
stimulation in individuals with incomplete spinal cord injury. J. Spinal Cord Med.
37, 202–211. doi: 10.1179/2045772313Y.0000000149

Holtz, K. A., Lipson, R., Noonan, V. K., Kwon, B. K., and Mills, P. B. (2017).
Prevalence and effect of problematic spasticity after traumatic spinal cord injury.
Arch. Phys. Med. Rehabil. 98, 1132–1138. doi: 10.1016/J.APMR.2016.09.124

Holtz, K. A., Szefer, E., Noonan, V. K., Kwon, B. K., and Mills, P. B. (2018).
Treatment patterns of in-patient spasticity medication use after traumatic spinal
cord injury: A prospective cohort study. Spinal Cord 56, 1176–1183. doi: 10.1038/
S41393-018-0165-0

Inanici, F., Samejima, S., Gad, P., Edgerton, V. R., Hofstetter, C. P., and Moritz,
C. T. (2018). Transcutaneous electrical spinal stimulation promotes long-term
recovery of upper extremity function in chronic tetraplegia. IEEE Trans. Neural
Syst. Rehabil. Eng. 26, 1272–1278. doi: 10.1109/TNSRE.2018.2834339

Krassioukov, A., Linsenmeyer, T. A., Beck, L. A., Elliott, S., Gorman, P.,
Kirshblum, S., et al. (2021). Evaluation and management of autonomic dysreflexia
and other autonomic dysfunctions: Preventing the highs and lows: Management
of blood pressure, sweating, and temperature dysfunction. Top Spinal Cord Inj.
Rehabil. 27, 225–290. doi: 10.46292/SCI2702-225

Lind, G., Meyerson, B. A., Winter, J., and Linderoth, B. (2004). Intrathecal
baclofen as adjuvant therapy to enhance the effect of spinal cord stimulation in
neuropathic pain: A pilot study. Eur. J. Pain 8, 377–383. doi: 10.1016/J.EJPAIN.
2003.11.002

Lind, G., Schechtmann, G., Winter, J., Meyerson, B. A., and Linderoth, B. (2008).
Baclofen-enhanced spinal cord stimulation and intrathecal baclofen alone for
neuropathic pain: Long-term outcome of a pilot study. Eur. J. Pain 12, 132–136.
doi: 10.1016/J.EJPAIN.2007.03.011

Mahoney, J. S., Engebretson, J. C., Cook, K. F., Hart, K. A., Robinson-Whelen, S.,
and Sherwood, A. M. (2007). Spasticity experience domains in persons with spinal
cord injury. Arch. Phys. Med. Rehabil. 88, 287–294. doi: 10.1016/J.APMR.2006.12.
029

Meyer, C., Hofstoetter, U. S., Hubli, M., Hassani, R. H., Rinaldo, C., Curt, A.,
et al. (2020). Immediate effects of transcutaneous spinal cord stimulation on motor
function in chronic, sensorimotor incomplete spinal cord Injury. J Clin. Med.
9:3541. doi: 10.3390/JCM9113541

Mills, P. B., Holtz, K. A., Szefer, E., Noonan, V. K., and Kwon, B. K. (2020).
Early predictors of developing problematic spasticity following traumatic spinal
cord injury: A prospective cohort study. J. Spinal Cord Med. 43, 315–330. doi:
10.1080/10790268.2018.1527082

National Spinal Cord Injury Statistical Center (2021). Facts and figures at a
Glance. Birmingham, AL: University of Alabama.

Phillips, A. A., Squair, J. W., Sayenko, D. G., Edgerton, V. R., Gerasimenko,
Y., and Krassioukov, A. V. (2018). An autonomic neuroprosthesis: Noninvasive
electrical spinal cord stimulation restores autonomic cardiovascular function in
individuals with spinal cord injury. J. Neurotrauma 35, 446–451. doi: 10.1089/
NEU.2017.5082

Post, M. W. M., De Witte, L. P., Van Asbeck, F. W. A., Van Dijk, A. J., and
Schrijvers, A. J. P. (1998). Predictors of health status and life satisfaction in spinal
cord injury. Arch. Phys. Med. Rehabil. 79, 395–401. doi: 10.1016/S0003-9993(98)
90139-3

Richard-Denis, A., Nguyen, B. H., and Mac-Thiong, J. M. (2020). The impact of
early spasticity on the intensive functional rehabilitation phase and community
reintegration following traumatic spinal cord injury. J. Spinal Cord Med. 43,
435–443. doi: 10.1080/10790268.2018.1535638

Sayenko, D. G., Rath, M., Ferguson, A. R., Burdick, J. W., Havton, L. A.,
Edgerton, V. R., et al. (2019). Self-assisted standing enabled by non-invasive spinal
stimulation after spinal cord injury. J. Neurotrauma. 36, 1435–1450. doi: 10.1089/
NEU.2018.5956

Schechtmann, G., Lind, G., Winter, J., Meyerson, B. A., and Linderoth, B. (2010).
Intrathecal clonidine and baclofen enhance the pain-relieving effect of spinal cord
stimulation: A comparative placebo-controlled, randomized trial. Neurosurgery
67, 173–181. doi: 10.1227/01.NEU.0000370249.41634.4F

SynchroMedTM IsoMedTM (2020). Implantable infusion systems—Information
for prescribers. Manual document number: M961343A014 REV.B Website
Publication. Minneapolis, MN: Medtronic.

Tibbett, J. A., Field-Fote, E. C., Thomas, C. K., and Widerström-Noga, E. G.
(2020). Spasticity and pain after spinal cord injury: Impact on daily life and the
influence of psychological factors. PM R. 12, 119–129. doi: 10.1002/PMRJ.12218

Tomycz, N. D., Ortiz, V., and Moossy, J. J. (2010). Simultaneous intrathecal
opioid pump and spinal cord stimulation for pain management: Analysis of 11
patients with failed back surgery syndrome. J. Pain Palliat. Care Pharmacother. 24,
374–383. doi: 10.3109/15360288.2010.523066

Vural, M., Yalcinkaya, E. Y., Celik, E. C., Gunduz, B., Bozan, A., and Erhan, B.
(2020). Assessment of quality of life in relation to spasticity severity and socio-
demographic and clinical factors among patients with spinal cord injury. J. Spinal
Cord Med. 43, 193–200. doi: 10.1080/10790268.2018.1543093

Walker, H. W., Hon, A. J., and Kirshblum, S. (2016). “Spasticity due to disease
of the spinal cord: Pathophysiology, epidemiology and treatment,” in Spasticity:
Diagnosis and management, 2nd Edn, eds A. Brashear and E. Elovic (New York,
NY: Demos).

Westerkam, D., Saunders, L. L., and Krause, J. S. (2011). Association of spasticity
and life satisfaction after spinal cord injury. Spinal Cord 49, 990–994. doi: 10.1038/
SC.2011.49

Zhang, F., Momeni, K., Ramanujam, A., Ravi, M., Carnahan, J., Kirshblum,
S., et al. (2020). Cervical spinal cord transcutaneous stimulation improves upper
extremity and hand function in people with complete tetraplegia: A case study.
IEEE Trans. Neural Syst. Rehabil. Eng. 28, 3167–3174. doi: 10.1109/TNSRE.2020.
3048592

Frontiers in Neuroscience 05 frontiersin.org

https://doi.org/10.3389/fnins.2022.1075293
https://doi.org/10.3390/JCM9092765
https://doi.org/10.1080/09638288.2016.1198432
https://doi.org/10.1089/CNS.1986.3.129
https://doi.org/10.1089/CNS.1986.3.145
https://doi.org/10.3389/fneur.2017.00017
https://doi.org/10.3389/fneur.2017.00017
https://doi.org/10.1016/j.apmr.2021.03.040
https://doi.org/10.1016/j.apmr.2021.03.040
https://doi.org/10.3389/FNINS.2017.00333
https://doi.org/10.1089/NEU.2017.5461
https://doi.org/10.1159/000350022
https://doi.org/10.1089/NEU.2019.6588
https://doi.org/10.3390/BRAINSCI11040472
https://doi.org/10.3390/BRAINSCI11040472
https://doi.org/10.1515/BMT-2013-4014
https://doi.org/10.1179/2045772313Y.0000000149
https://doi.org/10.1016/J.APMR.2016.09.124
https://doi.org/10.1038/S41393-018-0165-0
https://doi.org/10.1038/S41393-018-0165-0
https://doi.org/10.1109/TNSRE.2018.2834339
https://doi.org/10.46292/SCI2702-225
https://doi.org/10.1016/J.EJPAIN.2003.11.002
https://doi.org/10.1016/J.EJPAIN.2003.11.002
https://doi.org/10.1016/J.EJPAIN.2007.03.011
https://doi.org/10.1016/J.APMR.2006.12.029
https://doi.org/10.1016/J.APMR.2006.12.029
https://doi.org/10.3390/JCM9113541
https://doi.org/10.1080/10790268.2018.1527082
https://doi.org/10.1080/10790268.2018.1527082
https://doi.org/10.1089/NEU.2017.5082
https://doi.org/10.1089/NEU.2017.5082
https://doi.org/10.1016/S0003-9993(98)90139-3
https://doi.org/10.1016/S0003-9993(98)90139-3
https://doi.org/10.1080/10790268.2018.1535638
https://doi.org/10.1089/NEU.2018.5956
https://doi.org/10.1089/NEU.2018.5956
https://doi.org/10.1227/01.NEU.0000370249.41634.4F
https://doi.org/10.1002/PMRJ.12218
https://doi.org/10.3109/15360288.2010.523066
https://doi.org/10.1080/10790268.2018.1543093
https://doi.org/10.1038/SC.2011.49
https://doi.org/10.1038/SC.2011.49
https://doi.org/10.1109/TNSRE.2020.3048592
https://doi.org/10.1109/TNSRE.2020.3048592
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

	Transcutaneous spinal stimulation in patients with intrathecal baclofen pump delivery system: A preliminary safety study
	Introduction
	Materials and methods
	Design
	Outcome measures

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


