(i) 0 X F 8 3 — e

TTTTTTTTTTTTTTTTTTTTTTTTTT , SUN YAT-SEN UNIVERSITY

B3 B SL I K m R4

TR L
gt M4 S
RUKREMEE—ERREEFZH

lileS@mail.sysu.edu.cn
2017.5.8

/.E




o o1l — [t BEARHE 3525 5 A
o 75 8 F T B RIE B 8 2 1) R 7




Suive ¢ 08

(i)‘f*"’i%mﬁﬁ—ﬁ_ﬁ

The First Affiliated Hospital of Sun Yat-sen University

ig ﬂ] E E E Eﬁ g Motor Recovery Research Laboratory
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History of Rehabilitation Medicine

s Our department was established in 1982, one of
the earliest rehabilitation medicine programs in
the hospitals of China.

*» Since 1987, our department has become the
collaboration center of rehabilitation with \World
Health Organization.

¢ In 2013, our department was granted the national
clinical key discipline of rehabilitation medicine by

Ministry of Health of China.




) Clinical Service in Rehabilitation

Inpatient Unit and Outpatient Unit

Integrated and well-found rehabilitation service,
including:

. Physical Therapy

. Occupational Therapy
. Speech Language Pathology
. Prosthesis and Orthoses
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&)Research Labs of Rehab. in
1st Hospital, SYSU

®Motor Recovery Research Lab.: Prof. Dongfeng Huang

Faculty Team: Dr. LeLi, Prof. Yurong Mao

®Speech and Hearing in Neuroscience Lab.:
Faculty Team: Prof. Hanjun Liu (Lab-in-charge)

Prof. Peng Liu, Prof. Xi Chen, Ms. Shaozhen Chen
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Research interests 1n Motor
recovery

@ Mechanisms underlying motor recovery of persons after stroke

Neuromusculoskeletal modeling combined with in vivo
@ yltrasound measurement

@ g{luscle Health condition and its mechanism on neuromuscular
iseases

Multisensory intervention and its mechanism evaluation by
fMRI for persons after stroke
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Evaluation and intervention
study on rehab. robot

Motor control relearning
15 sessions conducted five times per week for three weeks

Each one-hour session
included approximately 50’
and brief rest when needed

Training program——

SIT-TO-ST and TRANSFER

STANDING BALANCE - STATIC and DYNAMIC |

UP and DOWN STAIRS



OUTCOME MESUREMENT &
PROCESSING
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Mechanism on biofeedback intervention
on upper limb for stroke
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VR training and effects analysis

Training program

The training lasted for 3 weeks. The training would be done 5 times per
week and 30 minutes for each time. Each minigame lasts about three
minutes, so they would finish ten sets one session.

We would use the software (Kinect Adventure! » and the (Fruit
Ninja) to train the VR group.




Subject con RH patient 05 1st RH

patient 05 2nd RH

patient 05 3rd RH

Effect of Kinect-based virtual reality training on regions of interest in primary

sensorimotor cortex of five stroke patients. Images are the average brain activation map

(A) for patient 5 during fist-clenching with right hand before (B) and 3 weeks after
training (C) and 12 weeks follow-up (D). Primary sensorimotor cortex cluster sizes of

Bao et al., 2013 Neural Reg Res f!a

patient 5 gradually decreased.
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it (Muscle Contracture)

o JLAIZEZE (muscle -
contracture) , RAPLANLE (
KEYaRIE RS T IIRESZ R/
, e LR ZER) JG e 2 —

o M LiEEf&
(Upper Motor Neuron)#i 17
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2 INALIN S phy

4 (stroke) KIRFR. EFLFE X5 (Delisa,
2004; Winter, 2005). BEEE A\ 120 10H)
ANWTEE TN, WA A AR R WMEE 2 BT

JILAI ZE 28 2 o 26 PP 5 L S 3B i

AR LAV ARG (RS SRS

ALAAFY (muscle volume) 725/ (Metoki et
al.,2003):

HL4F4E (fascicle length) 4 %E (Becher et al.,
1998; Gao et al., 2009);

WL LI Z Z LA & AN 15 18 3)) L AR R
(Lieber and Friden, 2000; Fukunaga et
al., 1997).
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T3] 3% 48 75 3 M i fR Supersonic shear
wave elastography (SSWE)

o SWERJ =& ¢ Bk 2H 2R 584 147 B &2 ( Young's
modulus) M 4E%HE . FR el Bk A& 5t 7 48 5 ik

PR ZH 2R I, AEZH 2R e e A R Y BY
T

o JEI RGHE =0 T R Gl E2H 2R R A s = e (
kPa)

Koo et al., 2014 m
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/\ NeuroFlexor

Moving spasticity measurement forward
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NeuroFlexor---Spasticity

+ e tH T IRV AT DA S5 A6 i e

& o e UL VUEZE B R, B
an: iz e, MR LA LA R B
A4 W FUVUEZE A R B AR 2o AR AR 22 A
RYERTS LA F I R BLHIAE S

o B E T NeuroFlexo

rix 25 4, ZEAL

ey Bl R AT B R AR R AR P s A AR

%%Dj]%ﬁ%%  HAEN) )52
HALAEZEZ L.

R VAR

/E
— — ' 1




A NF.00.10.40

| Control | Analysis | Advanced |
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5 SYSU 1ST HOSPITAL

B

Pen/FR/H

M G6/67 dB/Low
T 1540 m/s
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Z 110 %
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5 SYSU 1ST HOSPITAL

B
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Future study
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= UTHealth

The University of Texas
Health Science Center at Houston

McGovern
Medical School

UTHé#éJth McGovern

— ety et | .Medical School

Physical Medicine & Rehabilitation

WE ACKNOWLEDGE THAT
Dr. Le Li

has successfully completed Visiting Scientist Training
at the University of Texas Health Science Center at Houston
Department of Physical Medicine and Rehabilitation

and is therefore awarded this

CERTIFICATE OF COMPLETION
January 2015 - September 2015
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Ping Zhou, Ph.D., Professor
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) AL H 1520 (MUNIX,
Motor Unit Number Index)

MUN X325 EH LA — S5 AR 5 P A (1) |[=tet=s
LR 3 26 4 AT A L T H AR [20] M

HUULA L 221738l MUNIXZS T EAR TR, %2
MUNE K it S 2 F R I RO 52 . AT 2 BT BB 98 K
B, MUNIXR] LU T 5810 B s —g m il |

CMAP power & area SIP power & area

(FDD Hyizsh B8 H Attt K A4m 1 C)

Jo, a8 EALET H B GRS UL AC Y 1B 41 8 5 AR | |

b (Li et al., 2015). %“”f"iﬁﬂ'ZZ $f;$1
= B(SIP area)”
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HZHEAF (Neurophysiology) 5HiZHT

Single Fiber EMG (HL.4f-4E]LH)




OUR STUDIES WA HE

Study 1: EIM under Muscle contraction (Published)
Study 2: Subcutaneous fat effects on EIM (Published)
Study 3: Spinal Cord Injury of EIM on Biceps (Under Review)

Study 4: Hand Muscles EIM in SCI related to dexterity (Under
Review)

Study 5: EIM and Ultrasound on muscle structural parameters on
stroke (Planning)

Study 6: Musculotendon modeling parameters of stroke survivors

correlated with EIM (Future study)
e — - Ae— h




Electrical impedance myography (EIM)
IS a noninvasive technology to assess
muscle health by applying high frequency,

very low amplitude current to measure the =
impedance (resistance and capacitance) of I
a general muscle volume ruxove, 2009, )

\'%
It is an electrodiagnostic technique that [C 1
characterizes the inherent electrical

properties of a muscle group.




“Where is the technology coming

from?
 Bioelectrical impedance Analysis(BIA): A

kind of body impedance measurement,
focus on body composition and nutrition.
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BaSiC EIM parameters iﬂClUde (Esper et al., 2006; Rutkove et al., 2010)

(1) H.fHResistance (R), representing the resistivity to current
flow in the extracellular and intracellular fluids;

(2) EEPLReactance (X), indicating how the current flow is
affected by cell membranes and by the various fascia of
the body, and

(3) #HHL A Phase (8), or called phase angle, which is defined
as 0 = arctan (X/R), related to muscle anisotropy, fiber
arrangement.

BV
The broad hypothesis: c, AT
Alterations in composition and structure of A
muscle with disease will impact the T ¢ -
electrical impedance of muscle in unique %
and reproducible ways. a 5-element resistor-capacitor model
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EIM 1t /R

s Amyotrophic lateral sclerosis(ALS) rutovee

al., 2009,2014)

‘*Spinal muscular atrophy (SMA) ®utoveeta.

2010,2012)

**Duchenne muscular dystrophy (DMD)

(Schwartz et a., 2015; Shklyar et al., 2015)

X, R, Phase (ohms, degrees)
N & ®© ® o N =

SMA data from Rutkove et al.,
2010



Our Studies on EIM




Method & i 5 HERF 4%

» Twenty-three healthy subjects (11
female and 12 male, age 34.7 =7.4
years ranged from 23 to 46) participated
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Results

 Ultrasound imaging and Subcutaneous Fat
thicknss measurement.

Histogram of SFL thickness
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Discussion

» We found that among the three EIM
parameters reactance is the least affected by
the subcutaneous fat.

* Applying transverse current emitting
configuration and multi-frequency phase
ratio can help to reduce the impact of
subcutaneous fat on biceps brachii.

» Therefore, these settings should be
evaluated when applying EIM in future clinical

studies.




Hypothesis and Question

* Muscle architectural parameters (Pennation

angle, fascicle length , muscle
thickness)correlated with innate electrical

properties?
 How these impedance parameters and
structure data related with generated muscle

force?

 Electrical and acoustics measurement can be
done without interference with each other...
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Discussion

» We found that among the three EIM
parameters reactance is the least affected by
the subcutaneous fat.

* Applying transverse current emitting
configuration and multi-frequency phase
ratio can help to reduce the impact of
subcutaneous fat on biceps brachii.

» Therefore, these settings should be
evaluated when applying EIM in future clinical

studies.




Summary

* One EIM alone may not provide full picture
of what happen.

* EIM on disease progression, time /
treatment effects.




Related Publications

Li L, Li X*, Liu J, Zhou P. Alterations in multidimensional
motor unit number index of hand muscles after incomplete
cervical spinal cord injury. Front. Hum. Neurosci.2015;9:238.
doi: 10.3389/fnhum.2015.00238 (IF=3.67)

Li L, Li X, Hu H, Shin H, Zhou P*. The Effect of Subcutaneous
Fat on Electrical Impedance Myography: Electrode
Configuration and Multi-frequency Analyses. Plos One.

2016:11(5):¢0156154. (IF=3.057)

Li L, Shin H, Li X, Li S, Zhou P*. Localized Electrical
Impedance Myography of the Biceps Brachii Muscle during
(Contracti)on and Fatigue. Sensors (Basel). 2016. 22;16(4).
IF=2.25




UNIX at SCI (Li et al., 2005)

‘ H ORIGINAL RESEARCH
- frontlers . published: 08 May 2015
N Human Neuroscience doi: 10.3389/inhum.2015.00238

Alterations in multidimensional motor
unit number index of hand muscles
after incomplete cervical spinal cord
injury

Le Li"2, Xiaoyan Li?*, Jie Liu® and Ping Zhou?*

' Department of Rehabiliitation Medicine, The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou, China,

Z Department of Physical Medicine and Rehabilitation, University of Texas Heaith Science Center at Houston, and TIRR
Memorial Hermann Research Center, Houston, TX, USA, ? Sensory Motor Performance Program, Rehabilitation Institute of
Chicago, Chicago, IL, USA, * Biomedical Engineering Program, University of Science and Technology of China, Hefel, China

£




SF effects on EIM (Li et al.,

®'PLOS | one

2016)

RESEARCHARTICLE

The Effect of Subcutaneous Fat on Electrical
Impedance Myography: Electrode
Configuration and Multi-Frequency Analyses

LeLi'34, Xiaoyan Li*?, Huijing Hu??4, Henry Shin®?, Ping Zhou?34#*

1 Department of Rehabilitation Medicine, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou,
Guangdong, China, 2 Guangdong Provincial Work Injury Rehabilitation Center, Guangzhou, Guangdong,
China, 3 Department of Physical Medicine and Rehabilitation, University of Texas Health Science Center at
Houston, Houston, Texas, United States of America, 4 TIRR Memorial Hermann Research Center, Houston,
Texas, United States of America

* ping.zhou.1 @uth.tmc.edu




—

EIM at contraction (Li et al.,
2016)

ﬂ SCNSors ﬁw\o\w

Article

Localized Electrical Impedance Myography of the
Biceps Brachii Muscle during Different Levels of
Isometric Contraction and Fatigue

Le Li 12, Henry Shin 2 Xiaoyan Li 2 Sheng Li Z and Ping Zhou 2,3,%

1 Department of Rehabilitation Medicine, the First Affiliated Hospital, Sun Yat-sen University,

Guangzhou 510080, China; Le.Li@uth.tmc.edu

Department of Physical Medicine and Rehabilitation, University of Texas Health Science Center at Houston;
TIRR Memorial Hermann Research Center, Houston, TX 77030, USA; Henry.Shin@uth.tmc.edu (H.S.);
Xiaoyan.Li@uth.tmc.edu (X.L.); Sheng.Li@uth.tmc.edu (S.L.)

Guangdong Work Injury Rehabilitation Center, Guangzhou 510440, China

*  Correspondence: Ping.Zhou.1@uth.tmc.edu; Tel.: +1-713-797-7126

(]

3

Academic Editors: Steffen Leonhardt and Daniel Teichmann
Received: 8 February 2016; Accepted: 17 April 2016; Published: 22 April 2016




SFL effects

» Conductivity (R) and Permittivity (X)
» Conductivity is reciprocal to R

* Permittivity related tissue’s polarizability,
to X




@ iIscussion: Behind Data--- What
mechanism?

* larger resistance and similar reactance
* similar resistance but smaller reactance
« Smaller resistance, reactance and phase

e Increased resistance could be related to
muscle atrophy, fat infiltration

* reduced reactance could be due to changes
of membrane integrity

» fat infiltration also affects the anisotropy
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Some thoughts

Saying shear-wave elastography, it is not a direct measurement of
muscle mechanical property. Based on several assumptions, it can
be used to reveal muscle passive and active tension in an indirect

fashion for comparison only in my view.

It can measure passive muscle tension on the longitudinal plane
which is the functional direction of muscle rather than vertical plane,
while Myoton cannot. Therefore, the direction of transducer relative
to muscle fiber axis is crucial.

It can quantify muscle active tension of individual muscle or muscle
head, e.g. MG, LG, SOL for TS. The disadvantage is that this can be
only used in isometric contraction and for my experience lower than
50% MVC in large muscle group
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