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RESEARCH IN REVIEW
Dear Members, 
 
We are pleased to bring to you this issue of Research in Review highlighting research articles
relevant to neurologic physical therapy over the past months. We hope that you enjoy perusing
through the collection of articles we selected for this edition.

We select recently published articles that are available through a link on PubMed or directly
through the link on the Research in Review citation. Please note that to avoid redundancy with
other APTA-based research newsletters, typically, we do not include articles published in Physical
Therapy or Journal of Neurologic Physical Therapy. We welcome any suggestions or comments
you may have to help improve the newsletter.
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FEATURE ARTICLE(S)

Celian C, Swanson V, Shah M, Newman C, Fowler-King B, Gallik S, Reilly K,
Reinkensmeyer DJ, Patton J, Rafferty MR. A day in the life: a qualitative study
of clinical decision-making and uptake of neurorehabilitation technology. J
Neuroeng Rehabil. 2021 Jul 28;18(1):121. doi: 10.1186/s12984-021-00911-6. PMID:
34321036; PMCID: PMC8317366.

MOTOR CONTROL

Park KS, Hass CJ, Janelle CM. Familiarity with music influences stride amplitude and
variability during rhythmically-cued walking in individuals with Parkinson's disease. Gait
Posture. 2021 Jun;87:101-109. doi:10.1016/j.gaitpost.2021.04.028. PMID: 33895635.

Shearin S, Medley A, Trudelle-Jackson E, Swank C, Querry R. Differences in predictors
for gait speed and gait endurance in Parkinson's disease. Gait Posture. 2021 Jun;87:49-
53. doi: 10.1016/j.gaitpost.2021.04.019. PMID: 33892391.

Kiernan D. The relationship of trunk kinematics and kinetics with lower limb pathology
during gait in children with spastic cerebral palsy. Gait Posture. 2021 May;86:33-37. doi:
10.1016/j.gaitpost.2021.02.032. PMID: 33677176.

Brachman A, Marszałek W, Kamieniarz A, Michalska J, Pawłowski M, Juras G.
Biomechanical measures of balance after balance-based exergaming training dedicated
for patients with Parkinson's disease. Gait Posture. 2021 Jun;87:170-176. doi:
10.1016/j.gaitpost.2021.04.036. PMID: 33940308.

Li S, Francisco GE, Rymer WZ. A New Definition of Poststroke Spasticity and the
Interference of Spasticity With Motor Recovery From Acute to Chronic Stages.
Neurorehabil Neural Repair. 2021 Jul;35(7):601-610. doi: 10.1177/15459683211011214.
PMID: 33978513.

Theunissen K, Plasqui G, Boonen A, Brauwers B, Timmermans A, Meyns P, Meijer K,
Feys P. The Relationship Between Walking Speed and the Energetic Cost of Walking in
Persons With Multiple Sclerosis and Healthy Controls: A Systematic Review. Neurorehabil
Neural Repair. 2021 Jun;35(6):486-500. doi: 10.1177/15459683211005028. PMID:
33847188; PMCID: PMC8135251.

Macaulay TR, Peters BT, Wood SJ, Clément GR, Oddsson L, Bloomberg JJ. Developing
Proprioceptive Countermeasures to Mitigate Postural and Locomotor Control Deficits After
Long-Duration Spaceflight. Front Syst Neurosci. 2021 Apr 27;15:658985. doi:
10.3389/fnsys.2021.658985. PMID: 33986648; PMCID: PMC8111171.
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Vastano R, Perez MA. Changes in motoneuron excitability during voluntary muscle activity
in humans with spinal cord injury. J Neurophysiol. 2020 Feb 1;123(2):454-461. doi:
10.1152/jn.00367.2019. PMID: 31461361; PMCID: PMC7052637.

Parhizi B, Barss TS, Mushahwar VK. Simultaneous Cervical and Lumbar Spinal Cord
Stimulation Induces Facilitation of Both Spinal and Corticospinal Circuitry in Humans.
Front Neurosci. 2021 Apr 20;15:615103. doi: 10.3389/fnins.2021.615103. PMID:
33958979; PMCID: PMC8093452.

Zarkou A, Lee SCK, Prosser L, Hwang S, Franklin C, Jeka J.  Foot and ankle
somatosensory deficits in children with cerebral palsy: A pilot study. J Pediatr Rehabil
Med. 2021;14(2):247-255. doi: 10.3233/PRM-190643. PMID: 33896853.

Tabsuri T, Thawinchai N, Peansukmanee S, Lugade V. Trunk and pelvis biomechanical
responses in children with cerebral palsy and with typical development during horseback
riding. Gait Posture. 2021 Jul 15;89:115-119. doi: 10.1016/j.gaitpost.2021.07.006. PMID:
34280881.

Pion CH, Masse W, Barthélemy D. Delayed and reduced intralimb muscular coupling
during postural reactions in individuals with incomplete spinal cord injury. Gait Posture.
2021 Jul;88:84-93. doi: 10.1016/j.gaitpost.2021.05.003. PMID: 34015546.

Tazoe T, Perez MA. Abnormal changes in motor cortical maps in humans with spinal cord
injury. J Physiol. 2021 Jun 30. doi: 10.1113/JP281430. PMID: 34192806.

Bilchak JN, Caron G, Côté MP. Exercise-Induced Plasticity in Signaling Pathways
Involved in Motor Recovery after Spinal Cord Injury. Int J Mol Sci. 2021 May 4;22(9):4858.
doi: 10.3390/ijms22094858. PMID: 34064332; PMCID: PMC8124911.

Shorter AL, Richardson JK, Finucane SB, Joshi V, Gordon K, Rouse EJ. Characterization
and clinical implications of ankle impedance during walking in chronic stroke. Sci Rep.
2021 Aug 18;11(1):16726. doi: 10.1038/s41598-021-95737-6. PMID: 34408174; PMCID:
PMC8373915.

Whitcomb E, Ortiz O, Toner J, Kuruganti U. The bilateral limb deficit (BLD) phenomenon
during leg press: a preliminary investigation into central and peripheral factors. BMC
Sports Sci Med Rehabil. 2021 Aug 13;13(1):89. doi: 10.1186/s13102-021-00321-0. PMID:
34389058; PMCID: PMC8362259.

Handelzalts S, Steinberg-Henn F, Farquhar J, Shkedy Rabani A, Levy S, Riemer R,
Soroker N, Melzer I. Temporal But Not Spatial Gait Parameters Associated With Lower
Balance Capacity in Moderate-High Functioning Persons With Stroke. J Neurol Phys Ther.
2021 Aug 6. doi: 10.1097/NPT.0000000000000368. PMID: 34369447.

French MA, Cohen ML, Pohlig RT, Reisman DS. Fluid Cognition Relates to Locomotor
Switching in Neurotypical Adults, Not Individuals After Stroke. J Neurol Phys Ther. 2021
Sep 9. doi: 10.1097/NPT.0000000000000373. Epub ahead of print. PMID: 34507340.

Huang YD, Li W, Chou YL, Hung ES, Kang JH. Pendulum test in chronic hemiplegic
stroke population: additional ambulatory information beyond spasticity. Sci Rep. 2021 Jul
20;11(1):14769. doi: 10.1038/s41598-021-94108-5. PMID: 34285276; PMCID:
PMC8292373.

Nakano T, Kajiyama Y, Revankar GS, Hashimoto R, Watanabe Y, Kishima H, Ikeda M,
Mihara M, Mochizuki H, Hattori N. Neural networks associated with quality of life in
patients with Parkinson's disease. Parkinsonism Relat Disord. 2021 Aug;89:6-12. doi:
10.1016/j.parkreldis.2021.06.007. PMID: 34214862.

REHABILITATION

Stein J, Katz DI, Black Schaffer RM, Cramer SC, Deutsch AF, Harvey RL, Lang CE,
Ottenbacher KJ, Prvu-Bettger J, Roth EJ, Tirschwell DL, Wittenberg GF, Wolf SL,
Nedungadi TP; American Heart Association/American Stroke Association. Clinical
Performance Measures for Stroke Rehabilitation: Performance Measures From the
American Heart Association/American Stroke Association. Stroke. 2021 Aug
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5:STR0000000000000388. doi: 10.1161/STR.0000000000000388. Epub ahead of print.
PMID: 34348470.

Busk H, Skou ST, Lyckhage LF, Arens CH, Asgari N, Wienecke T. Neuromuscular Electric
Stimulation in Addition to Exercise Therapy in Patients with Lower Extremity Paresis Due
to Acute Ischemic Stroke. J Stroke Cerebrovasc Dis. 2021 Aug 18;30(10):106050. doi:
10.1016/j.jstrokecerebrovasdis.2021.106050. Epub ahead of print. PMID: 34418670.

Compagnat M, Mandigout S, Perrochon A, Salle JY, Daviet JC. Which method should be
chosen to estimate the oxygen cost of walking in post-stroke individuals? Gait Posture.
2021 Sep;89:217-219. doi: 10.1016/j.gaitpost.2021.07.017. Epub 2021 Jul 29. PMID:
34358758.

Jones LAT, Li CY, Weitzenkamp D, Steeves J, Charlifue S, Whiteneck G. Development
and Validation of Crosswalks Between FIM® and SCIM III for Voluntary Musculoskeletal
Movement Functions. Neurorehabil Neural Repair. 2021 Oct;35(10):880-889. doi:
10.1177/15459683211033854. Epub 2021 Jul 30. PMID: 34330180.

Simpson LA, Hayward KS, McPeake M, Field TS, Eng JJ. Challenges of Estimating
Accurate Prevalence of Arm Weakness Early After Stroke. Neurorehabil Neural Repair.
2021 Oct;35(10):871-879. doi: 10.1177/15459683211028240. Epub 2021 Jul 28. PMID:
34319189; PMCID: PMC8442135.

Chin LF, Hayward KS, Chai ALM, Brauer SG. A Self-Empowered Upper Limb Repetitive
Engagement Program to Improve Upper Limb Recovery Early Post-Stroke: Phase II Pilot
Randomized Controlled Trial. Neurorehabil Neural Repair. 2021 Sep;35(9):836-848. doi:
10.1177/15459683211032967. Epub 2021 Jul 19. PMID: 34281405.

Moore MJ, Vancleef K, Riddoch MJ, Gillebert CR, Demeyere N. Recovery of Visuospatial
Neglect Subtypes and Relationship to Functional Outcome Six Months After Stroke.
Neurorehabil Neural Repair. 2021 Sep;35(9):823-835. doi: 10.1177/15459683211032977.
Epub 2021 Jul 16. PMID: 34269128; PMCID: PMC8414826.

Sangarapillai K, Norman BM, Almeida QJ. Boxing vs Sensory Exercise for Parkinson's
Disease: A Double-Blinded Randomized Controlled Trial. Neurorehabil Neural Repair.
2021 Sep;35(9):769-777. doi: 10.1177/15459683211023197. Epub 2021 Jun 13. PMID:
34121511; PMCID: PMC8414806.

Dalton EJ, Churilov L, Lannin NA, Corbett D, Campbell BCV, Hayward KS.
Multidimensional Phase I Dose Ranging Trials for Stroke Recovery Interventions: Key
Challenges and How to Address Them. Neurorehabil Neural Repair. 2021 Aug;35(8):663-
679. doi: 10.1177/15459683211019362. Epub 2021 Jun 4. PMID: 34085851.

Conceição NR, Gobbi LTB, Nóbrega-Sousa P, Orcioli-Silva D, Beretta VS, Lirani-Silva E,
Okano AH, Vitório R. Aerobic Exercise Combined With Transcranial Direct Current
Stimulation Over the Prefrontal Cortex in Parkinson Disease: Effects on Cortical Activity,
Gait, and Cognition. Neurorehabil Neural Repair. 2021 Aug;35(8):717-728. doi:
10.1177/15459683211019344. Epub 2021 May 28. PMID: 34047235.

Williams AM, Ma JK, Martin Ginis KA, West CR. Effects of a Tailored Physical Activity
Intervention on Cardiovascular Structure and Function in Individuals With Spinal Cord
Injury. Neurorehabil Neural Repair. 2021 Aug;35(8):692-703. doi:
10.1177/15459683211017504. Epub 2021 May 22. PMID: 34027716.

Llorens R, Fuentes MA, Borrego A, Latorre J, Alcañiz M, Colomer C, Noé E. Effectiveness
of a combined transcranial direct current stimulation and virtual reality-based intervention
on upper limb function in chronic individuals post-stroke with persistent severe
hemiparesis: a randomized controlled trial. J Neuroeng Rehabil. 2021 Jul 1;18(1):108. doi:
10.1186/s12984-021-00896-2. PMID: 34210347; PMCID: PMC8252292.

Gee CM, Eves ND, Sheel AW, West CR. How does cervical spinal cord injury impact the
cardiopulmonary response to exercise? Respir Physiol Neurobiol. 2021 Nov;293:103714.
doi: 10.1016/j.resp.2021.103714. Epub 2021 Jun 9. PMID: 34118435.

Elnaggar RK, Alqahtani BA, Alsubaie SF, Mohamed RR, Elbanna MF. Stretch-shortening
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cycle exercises can efficiently optimize gait-symmetry and balance capabilities in children
with unilateral cerebral palsy: A randomized controlled trial. NeuroRehabilitation.
2021;49(1):139-149. doi: 10.3233/NRE-210063. PMID: 34180425.

Tanaka S, Ito D, Kimura Y, Ishiyama D, Suzuki M, Koyama S, Narita Y, Masuda H,
Suzukawa K, Yamada M. Relationship between longitudinal changes in skeletal muscle
characteristics over time and functional recovery during intensive rehabilitation of patients
with subacute stroke. Top Stroke Rehabil. 2021 Jun 28:1-10. doi:
10.1080/10749357.2021.1940724. Epub ahead of print. PMID: 34180362.

Hornby TG, Rafferty MR, Pinto D, French D, Jordan N. Cost-Effectiveness of High-
intensity Training vs Conventional Therapy for Individuals With Subacute Stroke. Arch
Phys Med Rehabil. 2021 Jul 3:S0003-9993(21)00494-9. doi: 10.1016/j.apmr.2021.05.017.
Epub ahead of print. PMID: 34228956.

PAIN NEUROBIOLOGY AND NEUROREHABILITATION

Neige C, Lebon F, Mercier C, Gaveau J, Papaxanthis C, Ruffino C. Pain, No Gain: Acute
Pain Interrupts Motor Imagery Processes and Affects Mental Training-Induced Plasticity.
Cereb Cortex. 2021 Jul 27:bhab246. doi: 10.1093/cercor/bhab246. PMID: 34313709.

CLINICAL NEUROPHYSIOLOGY

Hammerbeck U, Tyson SF, Samraj P, Hollands K, Krakauer JW, Rothwell J. The Strength
of the Corticospinal Tract Not the Reticulospinal Tract Determines Upper-Limb Impairment
Level and Capacity for Skill-Acquisition in the Sub-Acute Post-Stroke Period. Neurorehabil
Neural Repair. 2021 Sep;35(9):812-822. doi: 10.1177/15459683211028243. Epub 2021
Jul 4. PMID: 34219510; PMCID: PMC8414832.

Fleming MK, Smejka T, Henderson Slater D, Chiu EG, Demeyere N, Johansen-Berg H.
Self-Reported and Objective Sleep Measures in Stroke Survivors With Incomplete Motor
Recovery at the Chronic Stage. Neurorehabil Neural Repair. 2021 Oct;35(10):851-860.
doi: 10.1177/15459683211029889. Epub 2021 Jul 1. PMID: 34196598; PMCID:
PMC8442123.

Palmer JA, Payne AM, Ting LH, Borich MR. Cortical Engagement Metrics During Reactive
Balance Are Associated With Distinct Aspects of Balance Behavior in Older Adults. Front
Aging Neurosci. 2021 Jul 14;13:684743. doi: 10.3389/fnagi.2021.684743. PMID:
34335230; PMCID: PMC8317134.

D'Amico JM, Dongés SC, Taylor JL. High-intensity, low-frequency repetitive transcranial
magnetic stimulation enhances excitability of the human corticospinal pathway. J
Neurophysiol. 2020 May 1;123(5):1969-1978. doi: 10.1152/jn.00607.2019. Epub 2020 Apr
15. PMID: 32292098.

Chen SC, Yang LY, Adeel M, Lai CH, Peng CW. Transcranial electrostimulation with
special waveforms enhances upper-limb motor function in patients with chronic stroke: a
pilot randomized controlled trial. J Neuroeng Rehabil. 2021 Jun 30;18(1):106. doi:
10.1186/s12984-021-00901-8. PMID: 34193179; PMCID: PMC8244182.

Mooney RA, Bastian AJ, Celnik PA. Training at asymptote stabilizes motor memories by
reducing intracortical excitation. Cortex. 2021 Jul 17;143:47-56. doi:
10.1016/j.cortex.2021.06.014. Epub ahead of print. PMID: 34375797.

Palmer JA, Kesar TM, Wolf SL, Borich MR. Motor Cortical Network Flexibility is Associated
With Biomechanical Walking Impairment in Chronic Stroke. Neurorehabil Neural Repair.
2021 Sep 27:15459683211046272. doi: 10.1177/15459683211046272. Epub ahead of
print. PMID: 34570636.

TECHNOLOGIES

Hasegawa N, Maas KC, Shah VV, Carlson-Kuhta P, Nutt JG, Horak FB, Asaka T,

https://pubmed.ncbi.nlm.nih.gov/34180362/
https://pubmed.ncbi.nlm.nih.gov/34228956/
https://pubmed.ncbi.nlm.nih.gov/34313709/
https://pubmed.ncbi.nlm.nih.gov/34219510/
https://pubmed.ncbi.nlm.nih.gov/34196598/
https://pubmed.ncbi.nlm.nih.gov/34335230/
https://pubmed.ncbi.nlm.nih.gov/32292098/
https://pubmed.ncbi.nlm.nih.gov/34193179/
https://pubmed.ncbi.nlm.nih.gov/34375797/
https://pubmed.ncbi.nlm.nih.gov/34570636/


Mancini M. Functional limits of stability and standing balance in people with
Parkinson's disease with and without freezing of gait using wearable sensors.
Gait Posture. 2021 Jun;87:123-129. doi: 10.1016/j.gaitpost.2021.04.023. Epub
2021 Apr 19. PMID: 33906091.

Keogh A, Taraldsen K, Caulfield B, Vereijken B. It's not about the capture,
it's about what we can learn": a qualitative study of experts' opinions and
experiences regarding the use of wearable sensors to measure gait and physical
activity. J Neuroeng Rehabil. 2021 May 11;18(1):78. doi:
10.1186/s12984-021-00874-8. PMID: 33975600; PMCID: PMC8111746.

Winter C, Kern F, Gall D, Latoschik ME, Pauli P, Käthner I. Immersive virtual
reality during gait rehabilitation increases walking speed and motivation: a
usability evaluation with healthy participants and patients with multiple
sclerosis and stroke. J Neuroeng Rehabil. 2021 Apr 22;18(1):68. doi:
10.1186/s12984-021-00848-w. PMID: 33888148; PMCID: PMC8061882.

Peters DM, O'Brien ES, Kamrud KE, Roberts SM, Rooney TA, Thibodeau KP,
Balakrishnan S, Gell N, Mohapatra S. Utilization of wearable technology to
assess gait and mobility post-stroke: a systematic review. J Neuroeng Rehabil.
2021 Apr 21;18(1):67. doi: 10.1186/s12984-021-00863-x. PMID: 33882948; PMCID:
PMC8059183.

Deutsch JE, James-Palmer A, Damodaran H, Puh U. Comparison of neuromuscular
and cardiovascular exercise intensity and enjoyment between standard of care,
off-the-shelf and custom active video games for promotion of physical activity
of persons post-stroke. J Neuroeng Rehabil. 2021 Apr 14;18(1):63. doi:
10.1186/s12984-021-00850-2. PMID: 33853608; PMCID: PMC8045246.

Nedergård H, Arumugam A, Sandlund M, Bråndal A, Häger CK. Effect of robotic-
assisted gait training on objective biomechanical measures of gait in persons
post-stroke: a systematic review and meta-analysis. J Neuroeng Rehabil. 2021 Apr
16;18(1):64. doi: 10.1186/s12984-021-00857-9. PMID: 33863345; PMCID: PMC8052671.

Luna TD, Santamaria V, Omofuma I, Khan MI, Agrawal SK. Postural Control
Strategies in Standing With Handrail Support and Active Assistance From Robotic
Upright Stand Trainer (RobUST). IEEE Trans Neural Syst Rehabil Eng.
2021;29:1424-1431. doi: 10.1109/TNSRE.2021.3097301. Epub 2021 Jul 26. PMID:
34264829.

Moggio L, de Sire A, Marotta N, Demeco A, Ammendolia A. Exoskeleton
versus end-effector robot-assisted therapy for finger-hand motor recovery
in stroke survivors: systematic review and meta-analysis. Top Stroke Rehabil.
2021 Aug 21:1-12. doi: 10.1080/10749357.2021.1967657. Epub ahead of print. PMID:
34420498.

Porciuncula F, Baker TC, Arumukhom Revi D, Bae J, Sloutsky R, Ellis TD, Walsh
CJ, Awad LN. Targeting Paretic Propulsion and Walking Speed With a Soft Robotic
Exosuit: A Consideration-of-Concept Trial. Front Neurorobot. 2021 Jul
28;15:689577. doi: 10.3389/fnbot.2021.689577. PMID: 34393750; PMCID: PMC8356079.

Feingold-Polak R, Barzel O, Levy-Tzedek S. A robot goes to rehab: a novel
gamified system for long-term stroke rehabilitation using a socially assistive
robot-methodology and usability testing. J Neuroeng Rehabil. 2021 Jul
28;18(1):122. doi: 10.1186/s12984-021-00915-2. PMID: 34321035; PMCID:
PMC8316882.

Zbytniewska M, Kanzler CM, Jordan L, Salzmann C, Liepert J, Lambercy O,
Gassert R. Reliable and valid robot-assisted assessments of hand proprioceptive,
motor and sensorimotor impairments after stroke. J Neuroeng Rehabil. 2021 Jul
16;18(1):115. doi: 10.1186/s12984-021-00904-5. PMID: 34271954; PMCID:
PMC8283922.

Vavasour G, Giggins OM, Doyle J, Kelly D. How wearable sensors have been
utilised to evaluate frailty in older adults: a systematic review. J Neuroeng
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Rehabil. 2021 Jul 8;18(1):112. doi: 10.1186/s12984-021-00909-0. PMID: 34238323;
PMCID: PMC8268245.

The Research in Review Editorial Team

Antoinette Domingo PT, PhD
San Diego State Univ. (Co-Chair)

Brendan Dougherty PT, PhD
University of Minnesota

Evan Papa, DPT, PhD
Idaho State University HSC

Elisa Gonzalez-Rothi, DPT, PhD
University of Florida

Trisha Kesar PT, PhD
Emory University (Co-Chair)

The Research in Review was designed using Medline filters to extract high impact research articles
related to the field of neuroscience and physical therapy, which includes areas of motor control,
rehabilitation, clinical neurophysiology, and technology. Emphasis is placed heavily on articles
published within the last eight weeks, that cover issues related to spinal cord injury, stroke,
balance and falls, brain injury, degenerative diseases, and vestibular rehabilitation. The list
contains the full citation and a link to the abstract or full text article. The Research in Review is
published once every 2 months and will arrive in your email box in a format that is easily viewable
by both HTML and text-based readers. Articles with no volume, issue or page numbers indicate
that the article has not been published in paper form yet, but may be available in electronic form
through the publisher. We welcome requests for article postings at the first and third Mondays of
each month. Those interested in assisting with this endeavor are welcome to contact Dr. Trisha
Kesar or Dr. Antoinette Domingo.
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