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Paralympic athletes can be excellent examples to help us understand how, and

to what extent, the human brain reorganizes itself if intensive physical training is provided
continuously after an injury. This can help us uncover the hidden potentials of CNS reorganization.
In a Paralympic long jumper with unilateral below-knee amputation, we observed unique bilateral
activation of the motor cortical area when he was exerting unilateral thigh muscle contractions of
the amputated limb. In another study focusing on Paralympic powerlifters, we serendipitously
discovered that individuals with complete motor and sensory spinal cord injuries (SCI) often had
superior upper-limb motor function compared to those of able-bodied individuals as well as
wheelchair users who have other types of lower-limb impairments and/or incomplete SCI.

Both use-dependent plasticity and compensatory adaptation were hypothesized to underly the observed
inferior motor function in their upper-limbs.



MRI fMRI

TMS

o
MR fRI

1) 2)

MRI Right
(Orthotic) s

MR 2



MR

RF
spread
MEP

MRI

@

285m

MRI

™S
™S
MEP

50

MEP

MR
MR
RF
M
Hot spot
M
M
1

MRI

™S
MEP

™S

™S

MEP

™S

RF



use-dependent

(©)
KJ
KJ
180
TMS
TMS FDI MEP FDI
M1
(O YaVAR R aP v/
VRI
MRI
MRI 1 2
4 cSCI
cv
65 MVC
65 MVC
cSCI
cSCI cv
cSCI
2%MVC 10%MVC 30%MVC 65%MVC
20 ; 20 r; 20 — 20| =
<15 15 15 15
cSCI g 1.0 1.0 1.0 1.0
05 05 05 05
0 0 0 0
cSCl [l csci [l Others [l Healthy :p<.10 *:p<.05 * *:p<.01

N4 BHRBORTEE (ZBHFRH CV) OHE, CSC : BHETRIEEE.
Others : BERTLEBEUANRREROFTELLOINNE, Healthy : fEE
Nakanishi et al. Exp Brain Res (2019)&Y5| A

®

10



9 1 1 3

Mizuguchi N, Nakagawa K, Tazawa Y, Kanosue K, Nakazawa K. 23

Functional plasticity of the ipsilateral primary sensorimotor cortex in an elite long jumper 2019

with below-knee amputation.

Neuroimage Clin. 101847
DOl

10.1016/j .nicl.2019.101847

Nakagawa K, Takemi M, Nakanishi T, Sasaki A, Nakazawa K 25

Cortical reorganization of lower-limb motor representations in an elite archery athlete with 2019

congenital amputation of both arms.

Neurolmage: Clinical 25:102144. 102144
DOl

10.1016/j .nicl.2019.102144

Nakanishi T, Kobayashi H, Obata H, Nakagawa K, Nakazawa K 237

Remarkable hand grip steadiness in individuals with complete spinal cord injury. 2019

Experimental Brain Research 3175-3183
DOl

10.1007/s00221-019-05656-2

Nakazawa K, Obata H, Nozaki D, Uehara S, Celnik P 8(4), 46

“ Paralympic Brain” . Compensation and Reorganization of a Damaged Human Brain with Intensive 2020

Physical Training.

Sports E46
DOl

10.3390/sports8040046




42

- 2018
19-24
DOI
71
_ — 2019
Brain & Nerve - 105-112

DOl
10.11477/mf.1416201229

Nakazawa Kimitaka

Publish Ahead of Print

Brain Reorganization and Neural Plasticity in Elite Athletes With Physical Impairments 2022
Exercise and Sport Sciences Reviews online
DOl
10.1249/JES.0000000000000288
Nakanishi Tomoya Mizuguchi Nobuaki Nakagawa Kento Nakazawa Kimitaka 35
Para-Sports can Promote Functional Reorganization in the Ipsilateral Primary Motor Cortex of 2021
Lower Limbs Amputee
Neurorehabilitation and Neural Repair 1112 1123

DOl
10.1177/15459683211056660




Nakanishi Tomoya Nakagawa Kento Kobayashi Hirofumi Kudo Kazutoshi Nakazawa Kimitaka 35
Specific Brain Reorganization Underlying Superior Upper Limb Motor Function After Spinal Cord 2021
Injury: A Multimodal MRI Study

Neurorehabilitation and Neural Repair 220 232

DOl
10.1177/1545968321989347

25 25 5

Nakazawa K

Paralympic Brain showing reorganizability of human brain

International Research Forum on Biomechanics of Running-specific Prostheses

2018

13

2018

2018




Nakazawa K

Neural Mechanisms Underlying Robot-Assisted Training

40th International Conference of the IEEE, Engineering in Medicine and biology Society

2018

2018

2018

URCF

2018




2019

Kimitaka Nakazawa

Paralympic Brain showing reorganizability of human brain

9th FAOPS congress, -Sports and Brain-

2019

38

2019

ARIHHP 50 Human High Performance

2019




2019

Kimitaka Nakazawa

Paralympic Brain compensation and reorganization in human brain

The 1st International Sport Neuroscience Conference 2019

2019

31

2019

2019




SPORTEC

2020

17

2020

36

2020

2020




Paralympic brain  compensation and reorganization in human brain

The 5th International Forum on Blast Injury Countermeasures (IFBIC)

2021

19

2021

30

2021

29

2021




2021

SPORTEC

2021

2021

192

(Nishimura Yukio)

(20390693)

(82609)




(Aramaki Yu)

(40414023) (33908)
(Nozaki Daichi)
(70360683) (12601)




