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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)

Kim S, Han CE, Kim B, Winstein CJ, Schweighofer N. Effort, success, and side of lesion
determine arm choice in individuals with chronic stroke. J Neurophysiol. 2022 Jan
1;127(1):255-266. doi: 10.1152/jn.00532.2020. Epub 2021 Dec 8. PMID: 34879206;
PMCID: PMC8782657.

MOTOR CONTROL

Kwag E, Zijlstra W. Balance tasks requiring inhibitory control; a scoping review of studies
in older adults. Gait Posture. 2022 Mar;93:126-134. doi: 10.1016/j.gaitpost.2022.01.025.
Epub 2022 Feb 1. PMID: 35139472.

Mueller C, Baird JF, Motl RW. Whole-Brain Metabolic Abnormalities Are Associated With
Mobility in Older Adults With Multiple Sclerosis. Neurorehabil Neural Repair. 2022 Feb
14:15459683221076461. doi: 10.1177/15459683221076461. Epub ahead of print. PMID:
35164595.

Braakhuis HEM, Berger MAM, Regterschot RGRH, van Wegen EEH, Selles RW, Ribbers
GM, Bussmann JBJ; PROFITS research group. Physical activity dimensions after stroke:
patterns and relation with lower limb motor function. J Neuroeng Rehabil. 2021 Dec
11;18(1):171. doi: 10.1186/s12984-021-00960-x. PMID: 34895265; PMCID: PMC8666008.

Ciceron C, Sappey-Marinier D, Riffo P, Bellaiche S, Kocevar G, Hannoun S, Stamile C,
Redoute J, Cotton F, Revol P, Andre-Obadia N, Luaute J, Rode G. Case Report: True
Motor Recovery of Upper Limb Beyond 5 Years Post-stroke. Front Neurol. 2022 Feb
17;13:804528. doi: 10.3389/fneur.2022.804528. PMID: 35250813; PMCID: PMC8891374.

Moreno-López Y, Hollis ER. Sensory Circuit Remodeling and Movement Recovery After
Spinal Cord Injury. Front Neurosci. 2021 Dec 8;15:787690. doi:
10.3389/fnins.2021.787690. PMID: 34955735; PMCID: PMC8692650.

Costa TM, Simieli L, Bersotti FM, Mochizuki L, Barbieri FA, Coelho DB. Gait and posture
are correlated domains in Parkinson's disease. Neurosci Lett. 2022 Apr 1;775:136537. doi:
10.1016/j.neulet.2022.136537. Epub 2022 Feb 19. PMID: 35192916.

Dai S, Lemaire C, Piscicelli C, Pérennou D. Lateropulsion Prevalence after Stroke: A
Systematic Review and Meta-analysis. Neurology. 2022 Feb
21:10.1212/WNL.0000000000200010. doi: 10.1212/WNL.0000000000200010. Epub
ahead of print. PMID: 35190465.

Hadjiosif AM, Branscheidt M, Anaya MA, Runnalls KD, Keller J, Bastian AJ, Celnik PA,
Krakauer JW. Dissociation between abnormal motor synergies and impaired reaching
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dexterity after stroke. J Neurophysiol. 2022 Apr 1;127(4):856-868. doi:
10.1152/jn.00447.2021. Epub 2022 Feb 2. PMID: 35108107.

Branscheidt M, Ejaz N, Xu J, Widmer M, Harran MD, Cortés JC, Kitago T, Celnik P,
Hernandez-Castillo C, Diedrichsen J, Luft A, Krakauer JW. No evidence for motor-
recovery-related cortical connectivity changes after stroke using resting-state fMRI. J
Neurophysiol. 2022 Mar 1;127(3):637-650. doi: 10.1152/jn.00148.2021. Epub 2021 Dec
29. PMID: 34965743; PMCID: PMC8896990.

Parthasharathy M, Mantini D, Orban de Xivry JJ. Increased upper-limb sensory
attenuation with age. J Neurophysiol. 2022 Feb 1;127(2):474-492. doi:
10.1152/jn.00558.2020. Epub 2021 Dec 22. PMID: 34936521.

Kasuga S, Crevecoeur F, Cross KP, Balalaie P, Scott SH. Integration of proprioceptive
and visual feedback during online control of reaching. J Neurophysiol. 2022 Feb
1;127(2):354-372. doi: 10.1152/jn.00639.2020. Epub 2021 Dec 15. PMID: 34907796;
PMCID: PMC8794063.

Snyder N, Cinelli M, Rapos V, Crétual A, Olivier AH. Collision avoidance strategies
between two athlete walkers: Understanding impaired avoidance behaviours in athletes
with a previous concussion. Gait Posture. 2022 Feb;92:24-29. doi:
10.1016/j.gaitpost.2021.11.003. Epub 2021 Nov 7. PMID: 34801953.

Nakanishi T, Mizuguchi N, Nakagawa K, Nakazawa K. Para-Sports can Promote
Functional Reorganization in the Ipsilateral Primary Motor Cortex of Lower Limbs
Amputee. Neurorehabil Neural Repair. 2021 Dec;35(12):1112-1123. doi:
10.1177/15459683211056660. Epub 2021 Nov 1. PMID: 34720011.

REHABILITATION

Hadoush H, Alawneh A, Kassab M, Al-Wardat M, Al-Jarrah M. Effectiveness of non-
pharmacological rehabilitation interventions in pain management in patients with multiple
sclerosis: Systematic review and meta-analysis. NeuroRehabilitation. 2022 Feb 15. doi:
10.3233/NRE-210328. Epub ahead of print. PMID: 35180138.

Huang CY, Chiang WC, Yeh YC, Fan SC, Yang WH, Kuo HC, Li PC. Effects of virtual
reality-based motor control training on inflammation, oxidative stress, neuroplasticity and
upper limb motor function in patients with chronic stroke: a randomized controlled trial.
BMC Neurol. 2022 Jan 11;22(1):21. doi: 10.1186/s12883-021-02547-4. PMID: 35016629;
PMCID: PMC8751278.

Kumi F, Bugri AA, Adjei S, Duorinaa E, Aidoo M. Quality of acute ischemic stroke care at
a tertiary Hospital in Ghana. BMC Neurol. 2022 Jan 17;22(1):28. doi: 10.1186/s12883-
021-02542-9. PMID: 35039001; PMCID: PMC8762857.

Mulder M, Nikamp C, Nijland R, van Wegen E, Prinsen E, Vloothuis J, Buurke J, Kwakkel
G. Can telerehabilitation services combined with caregiver-mediated exercises improve
early supported discharge services poststroke? A study protocol for a multicentre,
observer-blinded, randomized controlled trial. BMC Neurol. 2022 Jan 17;22(1):29. doi:
10.1186/s12883-021-02533-w. PMID: 35039010; PMCID: PMC8762867.

Boltzmann M, Schmidt SB, Gutenbrunner C, Krauss JK, Höglinger GU, Rollnik JD.  One-
year outcome of brain injured patients undergoing early neurological rehabilitation: a
prospective observational study. BMC Neurol. 2022 Jan 17;22(1):30. doi: 10.1186/s12883-
022-02549-w. PMID: 35039012; PMCID: PMC8762846.

Chen Y, Zanca JM, Heinemann AW, Boninger M, Botticello AL, Morse LR. Current
Research Outcomes From the Spinal Cord Injury Model Systems. Arch Phys Med
Rehabil. 2022 Feb 19:S0003-9993(22)00225-8. doi: 10.1016/j.apmr.2022.02.003. Epub
ahead of print. PMID: 35192797.

Garnier-Villarreal M, Pinto D, Mummidisetty CK, Jayaraman A, Tefertiller C, Charlifue S,
Taylor HB, Chang SH, McCombs N, Furbish CL, Field-Fote EC, Heinemann AW.
Predicting Duration of Outpatient Physical Therapy Episodes for Individuals with Spinal
Cord Injury Based on Locomotor Training Strategy. Arch Phys Med Rehabil. 2021 Oct
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11:S0003-9993(21)01482-9. doi: 10.1016/j.apmr.2021.07.815. Epub ahead of print. PMID:
34648804.

Laskin JJ, Waheed Z, Thorogood NP, Nightingale TE, Noonan VK. Spinal Cord
Stimulation Research in the Restoration of Motor, Sensory, and Autonomic Function for
Individuals Living With Spinal Cord Injuries: A Scoping Review. Arch Phys Med Rehabil.
2022 Feb 23:S0003-9993(22)00234-9. doi: 10.1016/j.apmr.2022.01.161. Epub ahead of
print. PMID: 35202581.

Machado N, Wingfield M, Kramer S, Olver J, Williams G, Johnson L. Maintenance of
cardiorespiratory fitness in people with stroke: A systematic review and meta-analysis.
Arch Phys Med Rehabil. 2022 Feb 13:S0003-9993(22)00209-X. doi:
10.1016/j.apmr.2022.01.151. Epub ahead of print. PMID: 35172177.

Vedantam A, Jimsheleishvili G, Harrop JS, Alberga LR, Ahmad FU, Murphy RK, Jackson
JB 3rd, Rodgers RB, Levi AD. A prospective multi-center study comparing the
complication profile of modest systemic hypothermia versus normothermia for acute
cervical spinal cord injury. Spinal Cord. 2022 Jan 10. doi: 10.1038/s41393-021-00747-w.
Epub ahead of print. PMID: 35013548.

Okur EO, Arik MI, Okur I, Gokpinar HH, Gunel MK. Dual-task training effect on gait
parameters in children with spastic diplegic cerebral palsy: Preliminary results of a self-
controlled study. Gait Posture. 2022 Feb 17;94:45-50. doi: 10.1016/j.gaitpost.2022.02.020.
Epub ahead of print. PMID: 35247824.

Cathomen A, Sirucek L, Killeen T, Abel R, Maier D, Weidner N, Rupp R, Hothorn T,
Steeves JD, Curt A, Bolliger M. Inclusive Trial Designs in Acute Spinal Cord Injuries:
Prediction-Based Stratification of Clinical Walking Outcome and Projected Enrolment
Frequencies. Neurorehabil Neural Repair. 2022 Feb 14:15459683221078302. doi:
10.1177/15459683221078302. Epub ahead of print. PMID: 35164574.

Loh E, Mirkowski M, Agudelo AR, Allison DJ, Benton B, Bryce TN, Guilcher S, Jeji T, Kras-
Dupuis A, Kreutzwiser D, Lanizi O, Lee-Tai-Fuy G, Middleton JW, Moulin DE, O'Connell
C, Orenczuk S, Potter P, Short C, Teasell R, Townson A, Widerström-Noga E, Wolfe DL,
Xia N, Mehta S. The CanPain SCI clinical practice guidelines for rehabilitation
management of neuropathic pain after spinal cord injury: 2021 update. Spinal Cord. 2022
Feb 5. doi: 10.1038/s41393-021-00744-z. Epub ahead of print. PMID: 35124700.
DiPiro ND, Murday D, Corley EH, Krause JS. The primary and secondary causes of
hospitalizations during the first five years after spinal cord injury. Spinal Cord. 2022 Feb
11. doi: 10.1038/s41393-022-00750-9. Epub ahead of print. PMID: 35149779.

Hutchinson MJ, Goosey-Tolfrey VL. Rethinking aerobic exercise intensity prescription in
adults with spinal cord injury: time to end the use of "moderate to vigorous" intensity?
Spinal Cord. 2021 Dec 8. doi: 10.1038/s41393-021-00733-2. Epub ahead of print. PMID:
34880442.

O'Donoghue M, Leahy S, Boland P, Galvin R, McManus J, Hayes S. Rehabilitation of
Cognitive Deficits Poststroke: Systematic Review and Meta-Analysis of Randomized
Controlled Trials. Stroke. 2022 Feb 3:STROKEAHA121034218. doi:
10.1161/STROKEAHA.121.034218. Epub ahead of print. PMID: 35109684.

Shearin S, Braitsch M, Querry R. The effect of a multi-modal boxing exercise program on
cognitive locomotor tasks and gait in persons with Parkinson disease.
NeuroRehabilitation. 2021;49(4):619-627. doi: 10.3233/NRE-210218. PMID: 34806626.

Hammond G, Waken RJ, Johnson DY, Towfighi A, Joynt Maddox KE. Racial Inequities
Across Rural Strata in Acute Stroke Care and In-Hospital Mortality: National Trends Over
6 Years. Stroke. 2022 Feb 17:STROKEAHA121035006. doi:
10.1161/STROKEAHA.121.035006. Epub ahead of print. PMID: 35172607.

Anwer S, Waris A, Gilani SO, Iqbal J, Shaikh N, Pujari AN, Niazi IK. Rehabilitation of
Upper Limb Motor Impairment in Stroke: A Narrative Review on the Prevalence, Risk
Factors, and Economic Statistics of Stroke and State of the Art Therapies. Healthcare
(Basel). 2022 Jan 19;10(2):190. doi: 10.3390/healthcare10020190. PMID: 35206805;
PMCID: PMC8872602.
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El-Kafy EMA, Alshehri MA, El-Fiky AA, Guermazi MA. The Effect of Virtual Reality-Based
Therapy on Improving Upper Limb Functions in Individuals With Stroke: A Randomized
Control Trial. Front Aging Neurosci. 2021 Nov 2;13:731343. doi:
10.3389/fnagi.2021.731343. PMID: 34795574; PMCID: PMC8594757.

Oliva Ramirez A, Keenan A, Kalau O, Worthington E, Cohen L, Singh S. Prevalence and
burden of multiple sclerosis-related fatigue: a systematic literature review. BMC Neurol.
2021 Dec 2;21(1):468. doi: 10.1186/s12883-021-02396-1. PMID: 34856949; PMCID:
PMC8638268.

PAIN AND NEUROBIOLOGY AND REHABILITATION
Hayden JA, Ellis J, Ogilvie R, Malmivaara A, van Tulder MW. Exercise therapy for chronic
low back pain. Cochrane Database Syst Rev. 2021 Sep 28;9(9):CD009790. doi:
10.1002/14651858.CD009790.pub2. PMID: 34580864; PMCID: PMC8477273.

Garrett SB, Nicosia F, Thompson N, Miaskowski C, Ritchie CS. Barriers and facilitators to
older adults' use of nonpharmacologic approaches for chronic pain: a person-focused
model. Pain. 2021 Nov 1;162(11):2769-2779. doi: 10.1097/j.pain.0000000000002260.
PMID: 33902095; PMCID: PMC8426428.

Alphonsus KB, D'Arcy C. Is There an Association Between Social Support and Pain
Among Individuals Living With Multiple Sclerosis? J Evid Based Integr Med. 2021 Jan-
Dec;26:2515690X21991995. doi: 10.1177/2515690X21991995. PMID: 33535805; PMCID:
PMC7868479.

Huang M, Magni N, Rice D. The Prevalence, Characteristics and Impact of Chronic Pain in
People With Muscular Dystrophies: A Systematic Review and Meta-Analysis. J Pain. 2021
Nov;22(11):1343-1359. doi: 10.1016/j.jpain.2021.04.001. Epub 2021 Apr 29. PMID:
33933682.

MacKay-Lyons M, Gubitz G, Phillips S, Giacomantonio N, Firth W, Thompson K, Theriault
C, Wightman H, Slipp S, Marsters D, Eskes G, Peacock F, Blanchard C, Dewolfe J.
Program of Rehabilitative Exercise and Education to Avert Vascular Events After Non-
Disabling Stroke or Transient Ischemic Attack (PREVENT Trial): A Randomized Controlled
Trial. Neurorehabil Neural Repair. 2022 Feb;36(2):119-130. doi:
10.1177/15459683211060345. Epub 2021 Nov 17. PMID: 34788569.

CLINICAL NEUROPHYSIOLOGY

Rowald A, Komi S, Demesmaeker R, Baaklini E, Hernandez-Charpak SD, Paoles E,
Montanaro H, Cassara A, Becce F, Lloyd B, Newton T, Ravier J, Kinany N, D'Ercole M,
Paley A, Hankov N, Varescon C, McCracken L, Vat M, Caban M, Watrin A, Jacquet C,
Bole-Feysot L, Harte C, Lorach H, Galvez A, Tschopp M, Herrmann N, Wacker M,
Geernaert L, Fodor I, Radevich V, Van Den Keybus K, Eberle G, Pralong E, Roulet M,
Ledoux JB, Fornari E, Mandija S, Mattera L, Martuzzi R, Nazarian B, Benkler S, Callegari
S, Greiner N, Fuhrer B, Froeling M, Buse N, Denison T, Buschman R, Wende C, Ganty D,
Bakker J, Delattre V, Lambert H, Minassian K, van den Berg CAT, Kavounoudias A,
Micera S, Van De Ville D, Barraud Q, Kurt E, Kuster N, Neufeld E, Capogrosso M, Asboth
L, Wagner FB, Bloch J, Courtine G. Activity-dependent spinal cord neuromodulation
rapidly restores trunk and leg motor functions after complete paralysis. Nat Med. 2022
Feb;28(2):260-271. doi: 10.1038/s41591-021-01663-5. Epub 2022 Feb 7. PMID:
35132264.

Wang S, Wang P, Yin R, Xiao M, Zhang Y, Reinhardt JD, Wang H, Xu G. Combination of
repetitive transcranial magnetic stimulation and treadmill training reduces hyperreflexia by
rebalancing motoneuron excitability in rats after spinal cord contusion. Neurosci Lett. 2022
Apr 1;775:136536. doi: 10.1016/j.neulet.2022.136536. Epub 2022 Feb 17. PMID:
35183693.

Hachmann JT, Yousak A, Wallner JJ, Gad PN, Edgerton VR, Gorgey AS. Epidural spinal
cord stimulation as an intervention for motor recovery after motor complete spinal cord
injury. J Neurophysiol. 2021 Dec 1;126(6):1843-1859. doi: 10.1152/jn.00020.2021. Epub
2021 Oct 20. PMID: 34669485. Bye EA, Héroux ME, Boswell-Ruys CL, Perez MA, Purcell
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M, Taylor J, Lee BB, McCaughey EJ, Butler JE,

Gandevia SC. Transcutaneous spinal cord stimulation combined with locomotor training to
improve walking ability in people with chronic spinal cord injury: study protocol for an
international multi-centred double-blinded randomised sham-controlled trial (eWALK).
Spinal Cord. 2022 Jan 11. doi: 10.1038/s41393-021-00734-1. Epub ahead of print. PMID:
35013547.

Keser Z, Buchl SC, Seven NA, Markota M, Clark HM, Jones DT, Lanzino G, Brown RD Jr,
Worrell GA, Lundstrom BN. Electroencephalogram (EEG) With or Without Transcranial
Magnetic Stimulation (TMS) as Biomarkers for Post-stroke Recovery: A Narrative Review.
Front Neurol. 2022 Feb 22;13:827866. doi: 10.3389/fneur.2022.827866. PMID: 35273559;
PMCID: PMC8902309.

Rosso C, Moulton EJ, Kemlin C, Leder S, Corvol JC, Mehdi S, Obadia MA, Obadia M,
Yger M, Meseguer E, Perlbarg V, Valabregue R, Magno S, Lindberg P, Meunier S, Lamy
JC. Cerebello-Motor Paired Associative Stimulation and Motor Recovery in Stroke: a
Randomized, Sham-Controlled, Double-Blind Pilot Trial. Neurotherapeutics. 2022 Feb 28.
doi: 10.1007/s13311-022-01205-y. Epub ahead of print. PMID: 35226342.
Eldaief MC, Dickerson BC, Camprodon JA. Transcranial Magnetic Stimulation for the
Neurological Patient: Scientific Principles and Applications. Semin Neurol. 2022 Feb 25.
doi: 10.1055/s-0041-1742265. Epub ahead of print. PMID: 35213900.

Bai Z, Zhang J, Fong KNK. Effects of transcranial magnetic stimulation in modulating
cortical excitability in patients with stroke: a systematic review and meta-analysis. J
Neuroeng Rehabil. 2022 Feb 22;19(1):24. doi: 10.1186/s12984-022-00999-4. PMID:
35193624; PMCID: PMC8862292.

Li X, Lin YL, Cunningham DA, Wolf SL, Sakaie K, Conforto AB, Machado AG, Mohan A,
O'Laughlin K, Wang X, Widina M, Plow EB. Repetitive Transcranial Magnetic Stimulation
of the Contralesional Dorsal Premotor Cortex for Upper Extremity Motor Improvement in
Severe Stroke: Study Protocol for a Pilot Randomized Clinical Trial. Cerebrovasc Dis.
2022 Jan 20:1-8. doi: 10.1159/000521514. Epub ahead of print. PMID: 35051941.

Ting JE, Del Vecchio A, Sarma D, Verma N, Colachis SC 4th, Annetta NV, Collinger JL,
Farina D, Weber DJ. Sensing and decoding the neural drive to paralyzed muscles during
attempted movements of a person with tetraplegia using a sleeve array. J Neurophysiol.
2021 Dec 1;126(6):2104-2118. doi: 10.1152/jn.00220.2021. Epub 2021 Nov 17. PMID:
34788156; PMCID: PMC8715052.

Iddings JA, Zarkou A, Field-Fote EC. Noninvasive neuromodulation and rehabilitation to
promote functional restoration in persons with spinal cord injury. Curr Opin Neurol. 2021
Dec 1;34(6):812-818. doi: 10.1097/WCO.0000000000000997. PMID: 34766554; PMCID:
PMC8597924.

Julkunen P, Kimiskidis VK, Belardinelli P. Bridging the gap: TMS-EEG from lab to clinic. J
Neurosci Methods. 2022 Mar 1;369:109482. doi: 10.1016/j.jneumeth.2022.109482. Epub
2022 Jan 15. PMID: 35041855.

Motolese F, Capone F, Di Lazzaro V. New tools for shaping plasticity to enhance recovery
after stroke. Handb Clin Neurol. 2022;184:299-315. doi: 10.1016/B978-0-12-819410-
2.00016-3. PMID: 35034743. Jang SH, Lee J, Kim JW, Choi KT. Prognosis prediction of
motor outcome in hemiparetic patients with anterior choroidal artery infarction: Radiologic
and transcranial magnetic stimulation prognostic validation studies (STROBE). Medicine
(Baltimore). 2021 Dec 23;100(51):e28397. doi: 10.1097/MD.0000000000028397. PMID:
34941175; PMCID: PMC8702112.

TECHNOLOGIES

Cordo P, Wolf S, Rymer WZ, Byl N, Stanek K, Hayes JR. Assisted Movement With
Proprioceptive Stimulation Augments Recovery From Moderate-To-Severe Upper Limb
Impairment During Subacute Stroke Period: A Randomized Clinical Trial. Neurorehabil
Neural Repair. 2022 Mar;36(3):239-250. doi: 10.1177/15459683211063159. Epub 2022
Jan 24. PMID: 35067125.
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Wilson PH, Rogers JM, Vogel K, Steenbergen B, McGuckian TB, Duckworth J. Home-
based (virtual) rehabilitation improves motor and cognitive function for stroke patients: a
randomized controlled trial of the Elements (EDNA-22) system. J Neuroeng Rehabil. 2021
Nov 25;18(1):165. doi: 10.1186/s12984-021-00956-7. PMID: 34823545; PMCID:
PMC8613521.

Sawatzky B, Herrington B, Choi K, Ben Mortenson W, Borisoff J, Sparrey C, Laskin JJ.
Acute physiological comparison of sub-maximal exercise on a novel adapted rowing
machine and arm crank ergometry in people with a spinal cord injury. Spinal Cord. 2022
Feb 3:1–7. doi: 10.1038/s41393-022-00757-2. Epub ahead of print. PMID: 35110695;
PMCID: PMC8810340.

Edwards DJ, Forrest G, Cortes M, Weightman MM, Sadowsky C, Chang SH, Furman K,
Bialek A, Prokup S, Carlow J, VanHiel L, Kemp L, Musick D, Campo M, Jayaraman A.
Walking improvement in chronic incomplete spinal cord injury with exoskeleton robotic
training (WISE): a randomized controlled trial. Spinal Cord. 2022 Jan 29. doi:
10.1038/s41393-022-00751-8. Epub ahead of print. PMID: 35094007.

Zhai X, Wu Q, Li X, Xu Q, Zhang Y, Fan S, Zhang LQ, Pan Y. Effects of Robot-Aided
Rehabilitation on the Ankle Joint Properties and Balance Function in Stroke Survivors: A
Randomized Controlled Trial. Front Neurol. 2021 Oct 13;12:719305. doi:
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