A study of interjoint coordination
during locomotion after spinal cord injury

April 2022

Yuta Sato



M5
&)

£ W X =

No.1

il

HERS | @ z @ 2 | K 4 i JE N

X EAL:

A study of interjoint coordination during locomotion after spinal cord injury
(FHREZOSITHRIZIIT 2 BRI B9 2 1F90)

(REDEE)

K6 (Spinal Cord Injury, LAfk SCI) Dk DIFMIAITERE & = OF AL 2 BHET 5 2
ElE M O BRI BT DI O BRRC . BHRARILIZIE SN2 U NE Y T— g
VERHE DOPIFICEE CTh H, ZIVE TOME T, SECREIMA E 7 K OEEFI T A — X
DEAL & FBEOMRIFEL L OBMRIC DWW THIE STV A EE RO % CTHE) L T 5 H
AR (Central Nervous System, LAf% CNS) OOVEENFFMCBE WA IZ BT 5 MEH I+ 01247
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Y FBITOEEETRO 2 —T 4 2 — 3 VIZOWTHE Lz, BARMIZIE, SCI % ORI
{b% 54T L, BTHEERCTH D ONS ORERELRL ORI T 2B 2 o7z, ~—F & v MIBEHE
B B HEEMIBIL ORI R 278 U, 2 O% IR TREA N BIE L=, £l ollE<e
B FE 7 & ORI 7ZER) T A — Z IFHRERIN DAL L TWZR JliE 7 A 2 s oo
A TR SN DB A v MEBHAME, BEZRLEZEZ2Z T TICREINL TV, ZhE
TOMIET, SCI BE T pHnEEIND Z & &, FEEOLERY NE T — 3
BOBITREN DIE EFHEET 5 Z L AR EN T WS, DL EDOFE RS | HITHIC kI 2 BAEIE
o a—7 0 Fx— a3 VAT, HBIEHZO ONS ORRIREE KT 2R L 2D LB 2 b,

BAREIER CTHD, A LORREMRIE L, TOREREELSBDOREZIRETND,




% 6

(3) Keio University
Thesis Abstract
No.
Registration o © o “OTSU”
g Name Yuta Sato
Number No. *Office use only
Thesis Title

A study of interjoint coordination during locomotion after spinal cord injury

Thesis Summary

Understanding locomotor responses after spinal cord injury (SCI) is fundamental to explore the mechanisms
involved in adapting locomotor function of neuro-musculo-skeletal system in living organisms and to develop
evidence-based rehabilitation strategies. Previous preclinical animal studies have reported the relationship
between locomotion parameters (such as stride length or joint angles) and neuropathology of the spinal cord, but
little is known about the central nervous system (CNS) dysfunction and its recovery process that occupied behind
disturbed locomotion. The author therefore tried to characterize interlimb coordination in locomotion after SCI to
extract CNS features in order to understand post-SCI CNS function.

Chapter 1 is the introduction. It was explained how the CNS controls the redundant musculoskeletal system
during locomotion; the CNS manipulates these systems by generating the motor command with a lesser degree of
freedom, and coordinate multiple muscles or joints. Changes in locomotion pattern after SCI was also mentioned.
The purpose of this dissertation was introduced at last.

Chapter 2 presents the differences in interjoint coordination patterns cross-sectionally in SCI mice with
various levels of damage. The interjoint coordination patterns in SCI mice were categorized into three groups. The
author found that these three groups were characterized by the level of spinal cord damage. The results suggested
the interjoint coordination pattern as the biomarker reflecting the SCI neuropathological level.

Chapter 3, in order to verify whether the analytical approach employed in the previous chapter could be
applied to human study in future, the author investigated the interjoint coordination pattern during locomotion in
Common Marmoset, a well-known preclinical animal model. Especially, the author informed modulated
coordination pattern longitudinally along with the recovered level of locomotion, and characterized the functional
change of the CNS, a locomotion controller. Marmosets showed flaccid paralysis of the hindlimbs in the injured
side immediately after the hemisection of the spinal cord, and gradual recovered their locomotion function.
Although traditional kinematic parameters such as endpoint trajectories or joint angles were affected,
intersegmental coordination represented by planar covariance of elevation angles were retained unaffected even
after SCI. Previous studies have reported that planar covariance is disrupted in SCI patients, and was recovered
associated with improvement of locomotion function after rehabilitation. The intersegmental coordination could
be therefore an potential biomarker of the state of spinal cord pathology after injury.

Chapter 4 is the conclusion. The implications of the findings in this dissertation were summarized, and

future perspective were described.
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