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Novel methods to enhance peripheral nerve regeneration and
functional recovery in humans

Division of Physical Medicine and Rehabilitation, Centre for Neuroscience, University of Alberta K. Ming Chan
Peripheral nerve injury is common and can have electrical stimulation as a novel treatment in other
devastating functional consequences. Although substantial peripheral nerve injuries where the clinical outcome with
advances in mechanistic insights and therapeutic design conventional treatment is poor.

have been made in animal models, practical challenges in
patients remain. This is in part due to the often long
intervening distance between the regenerating axons and
the target destinations. Our experimental data confirmed
that the prolonged state of separation of the neurons from
target connections and functional decline of the Schwann
cells in the distal nerve stump accounted for deterioration
in the capacity of injured nerves to regenerate. Several
investigators have demonstrated that brief electrical
stimulation for as little as 1 hour administered shortly after
surgical repair in animal models is capable of accelerating
the rate and enhancing the specificity of axon regeneration.
This effect is mediated through retrograde propagation of
action potentials to the motor neuronal soma where BDNF
and the TrkB receptors play a major role. Recently, we
tested this potentially promising therapeutic modality in
patients with marked axonal injury as a result of severe
compressive injury of the median nerve and the ulnar
nerve. In addition to studying its effects on motor nerve
functions, we also tested this novel treatment on a group of
patients with digital nerve laceration. The results of those
double blind randomized controlled trials indicate that
post-surgical electrical stimulation do not only improve
motor axonal regeneration but it also has a positive impact
on sensory nerve growth. In addition to physiological
improvements, the treatment also enhances recovery of
hand functional performance. These human application

studies open the way of further testing post surgical
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ERRDEEETHIEL ATREL /0D, WAL FAR G O ES)
L T RS OX —Y An—% 35 H~ENTND
7=z, FREAF X — Y 2o —E#8) I3 FRIE 115
FEnhTIcEt, ¥ AR Lo FEMI T IO
[~ AR FIBRITA T 72> CHOBHT LI B 1T Eh) e 7
DIZZOFF A~ FREFH FIEL > TRWIEA DA
2

ZHUTZE DI THLHD, ARDOBEEITIEF IS ARNEC
BATWAEDIC, —Ho—oDOFBEEO#)XS HLEICH)
<HDEBZONTE, LNALINETOMIENOLTL
H I TIIRL, FREFH OB X IXHHIERINEE FF- 72k
LNTEHLDOTHLH—F T, ZDOFHMOMAE HOEEX
DEAIL T DRI DRITL > TEEMEICE AT B X
MAREETR S TUNVD, DAY T HAH i BIHiEh B D
R A D ZETINE YT — ab OIRRIK R A RELE
EL T ATREMER B D LB 2 TUD,
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A2 KR BT

EHER)NEY T —al DRy 7 X
— 8 85 [0 H AREIEAR 2 I 2 PAEL T —

FURRIF SEEE R R R e B d b e B 2B B GO AR

A5 H 17 HOK) 520 H (H) £T4 HEichz-
TH 85 [l H AREE AL A Al = 2 5 TRk L
RREBDIECWEEELE, Af T —<EMakis
BIE — KR T 728 5 B O T B — Great leap
towards the future -the contribution of originality-] &L, &
AP —D— DA ERIAGHEVI B EEENL DD,
FI=HORIEEMADHZET, KRICHIT RN E O
TREBIZBT D BN EIAD E LT, Bk, 2F
WHERIE B L OAR L —REIF—2 AT 142 /4,
BRIV ARU T L3 By iar VURUT ABL UV IRV
FUAT T ar B RET 64 Lyiar, —fREBE 1046
R (558 1629 B, BRARE 64.2%) T, I3 /eitimai@mL ¢
1 T NERTBINE AT DETAITTNASARENG
DRBHVFELTZ, FER MY 7 AZNEFEZROUNEY T —
2y | RIHARTAATIES WA B 2T 15 5
FL7,

W B A ORERIS AR T BT EEEROMEFEE S 2
LIEBEUT, fEW PR BESHICTEH RS
BRIREREE F OB ER D ICOWTT A AT v g
TRIEEFEL, VARV LNEEER DAY T —gy
OBURERE ] TIX, FHEF R, BIEIREA, B R
JENCINZ TRBRZIEIZ O W TH RV R & E L, —
B BN TH L DOEBZROINE YT —a B
HEZ RN EELT, EB R BTN
EOREZZFEH T, MRkttt 0b B OMRETHD
e A AR BB B OB HE R I X E S T, mE
T4 7 v Ra— A (BB SE R OBLERIT, EERo
RUIEEERIZTE—/V95 HETHARERINE -2
DEEBLCRBVET M, A 7 HITITEAE S B D MR
BRI E SV TR EL COD T E RO OB D
BHRHEEZ D720 D AR 72 S #E ) oIz ERUT
BOHITFonELL, BV T7TF w7l TORIF =y IR2
K EL TaabLbiEIESNTEY, U T — a8
FHE DI 7128 Z DR - KA EOZ W & BREN
L7z EBnET,

IR B—

H AR P2 TIERETHEO T 16 OBFHTA
RIAAERRL TOET, it W T B EZIFRIC
ENTRIETARTALEL T, ENENDORBEITART
AAZONT, EEIAR DS TN S B D B
BiELWEEL I —D V=%l LELT-, FAD
BFE LU TOREICH D DTS oMk B SiE 2 8 A
RIA&IZLD, UV T — T a ieb AN
DEFNTEVET, KEHE TIXZENLIZOW TR E
HCWEEEET,

BT 3 O TRV AEYT— a0 B OSSO
10 FEEFRAL72E A, BRIk 92 3 SEHIEEAT
DRRFEZBIT 250 3005 30 fRdVELT-, ZAUTREAME
RRAEIFR DD LK) 2/3 %5, A RIOEMES T
VRV LATRUBITEL, TNHOIELFEDRR LT
(X, TEBYRIEONRIL, TR EE, RE, Rk, &
BIRIA (57 570 &) Lo BE Y FIT Lo TRARDE A
ICADETHEISED A= 2 — BN ELEDONEL L
SIVELT, B HLERIE SCHREIRS (R IZ W T O STH 2<
A% D FPEIZ V7= 3w SN B R oD HALT- D 1 3 B
HRIRWEZA T, EEIOHP S HI5Z L7030, BEAY
> THEMICHER CED RPN RICE RS> TNDHHLD L
BE2ONET,
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= I Fask

Za—aINEUTr—Ia Oy 7 A

ke

PR A R LRy s EEOR

Za—aUNE YT =g T IEE IR WP 2 ST
LZEHETHY, MAEPREDMEBINAEYT — a0
TARThbaEE T LEE b TDdbi Tho, 5l
KT AR DT LTIEM T IEED Y S O BR R Y
P HEENEFDEZ QD0 FROKRENTT LA,
UNEVT = al AR E E DI Z D& D) E R
N BRI Y 7 2B LT A MRt 272
EEZ TN,

Nudo AMMHEE% OO FEMA7RUTLR, BRI T
ORI (CL FRIE) | RIE AR IEAR L | R A U
SEOLFENHELS AL, FAE I ZRE SR (TMS) |
a7y Rl & B FEDOIR LN RIAL TETWD,
:ﬂ%@‘]’“‘ﬁ?]f%*kf@bfﬁﬁ’ib LB CTHEAL
TWTeDIE, NEE OB TUIH L0058 —
%fi&:b:f;oﬂ\éo UNEVT— gy TR E
BEME T AR OSBRI C T 7 a—F 95, e
P D B P ICRE S T DM O W ~DT T u—F 4 | e
JTETFL UL ThD ADL 2l . Wb S 738 ¢

%, EDHES T UL, L SREE TR EITRE R EXS
S, ZOFER, MREIEOFRSE Db Tho,

HEIEEZ2IMEZOL0L, ZNEITVLTLT 57
DOBRIER LI TEZDINCT HE, EMLED
FTRUVDNRELLABRUANEY T —ar O FiEE sy
BT DIENTED, MRl ARFIES AR Y IR, B
FEHLoI KT DEMERLE KADRENEIETLHHE)
EZDObLODOWEEZGEAL TS, ZHITHL,
Biofeedback <X° rTMS, il B Ha | JME AT 238 ThH D,
Motor point block <° Botox &5 o 7-JEH#EE K & # I S
EHZETIMEEEMT D,

F LU TEME R ThOIERIEZS KT 85512
BELIAL TR T OLENH D, ITMS @EJZ%%:
review T DFE. BIE~DOELE DT E @72V i ST
REND, SHIT, BRI Z T84 120%, RAakEE
LB E | HAREE OB R (BIENHOHIRH]) | SHIC
ITETFR_N—a RETRBEINDO BEDJERE
723: O LRPMFELI2 D, T2 (R BR AL, BN

— BRI, TR E OEEL B R AT
TWH3, EREORBEIC ES kT TWD,

SOITHIFED R DENE DS T DI, TR R E
DEBILHBEDRTIUERSRNEAIL, FRETILEE
HEFREOWANCHELEDS L ETH D,

BARPRIEICHB L TE 2501, ZOIBHRIED IS
EDORMALDOLENETHD, ZIBMIZHNRNE K
REMNFEFRB20, ZO A CLHFIEIZIET— HOERDD,
EbIZaRy N WD EZ N ETHIBEICE o725 D
N TEDINT/ 2> T, WA TEIRESITLIZH R
WONPRDEZATHY, SHITHESRLETHD,
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EIESEPNG G

=57, B It L fm e

TR A IR 2 YT — e e L AR 7

7, BHEAFIEIC BT mBR O RIBEIE, AR AR EDD
LTI DD EMGEICEDLETIRIA. A BT
FERIE, WFFEIZ 1T DM BRFR S, BB (RE DT S LBl
Wiz Tits.

WFIEARIE

WA E MM LTZDE, 1983 FITKET
William Broad & Nicholas Wade (ZJ.% Betrayers of the
Truth (H AFER : E DR FET2H) BHRSI TS T
b, ZWETIE, EFRORAITERIC I > THREE T EE
RTEMD, PR EITRE RAUEE NI EEZTEh
I —AEREE A REZ T LinL, BEEZRY
WHLMEDFERREFEIZB O THHFEA EN gD
OB I L GFETH. —RITER ST BRI ILDE peer
review VAT LZEVBEELZITH. LL, i LOFE
FRAIEL TEZ DM REFERTHLLLTHEET I
0, BRPICRIER G ENTHE OMFEL AT LELT
I EEL T vew. IBRRE T A IEMEEIL FTRE TH D
2y, BRITIEZ<OFMEEL, BRI EI WD)
HEWST, TITHIEARIEZ S ZEITHEL V. #lZ, B
AL THEDIELSEFE L7 L L Th, FiitkicZ
LWz TR STV, Publish or perish Ot SR
(ZAEEDIFFEEIZ LTI HARDIBRAEATITTF N—a
ATz,

R 1T D BlfE#

WHIEIZHEED DT N TORRE BT T NS FHEE
DHZLICIVTEDE IER HEEZ M HZ L2 A RIEL T,
ARFBIZIB N TR 2 72 WFZE O fi BEER B 25 E ST
5. BRARNEIEC B D BRAR EH IR A T B A 8,
WFIEIC BT D BRER $HISCHRL 24 LR A 578 A3l
EL TS, BRRATTEICIE, O AZtEOETE, @BlgE
WHFED 2 TR DY, FEFAFEIHIRORE LTI O
I 2 FROBE LM HAEL, TOERNEZHRL
T ORI R THLESNDD, WHDFE T
LH RT3V, MHEARZERTORELXT, K
AT TOBHID T, WHIERIARDS FIREIC/2%.

PR F it

IR, #RE R OBLEDDHER 2 23R 72 S
TV, WFREEATORNCIE, #BRE D HFEH T informed
consent Z G52 LMY IRAINH LT/ TETND.
2005 FOMENEHRERFELEORATLLR, B AfFHIZBL
THRHIEED L DIND IS o7, MATEREE, &
7320 N T B R TH - T, FrE DM AN ERA
HZEINTELLDR, OIFHREMETDHILITL > THr
TEDENZFRB T HZ LM TEHE O (GE FlREEA LG
) THD. 12720, FEE I RDIE R RIRH R E D4
F9HE N T HER TG I, U%ERFTD
A NOENERE2DDO THEBENLETHS.
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BR-HETUNEYT —2arOAL My A

1. FERERHIE & FIE

EH A, FHOESE, INEAS &, FiE R
O FE e 2R KR E R R e YT — a8 K H

AR AR FPE LRI ANV T — a5 1R

HARDE I E3RIZ 2011 412 23.1%E 720 FCH 24
Liz@intt e Lleo TG, ZHUCE- TRl O ifi%k
DRIEERD, 2011 FEOKEFH TIIATR MM A 2P\ T
HARANDIKR D 3 frkieot-. FRCEEE ICB T
FER D 1 i 5, i TABELIZ@lindg D32 6 Flok
ICRAMEZ BN L CRRDDZENMEI N TD (FA,
2008) . & DFAMES B HF H OFRMED B 725, K [H O HE
RO/ INAHE B TSI ITEERE T 5280 20, F2,
B 25 DFIERITK T LIZfR Tl FEEERi->CTE
ET2EMmE LA %L, AOHELL TERA T
[EEAHTOHRLEEMD —RET-EDEEZHND.

VAR, B FUAE YT — a0 05T, T
T LT BRD | OENRI7O—XT 7 &4, THIEHE T4
BIRENIE Z N EBEHIN TS, L ITHE T i
BREE (VF) B3y 37 T7 4—TCi{Th - EIC, gigEof
DR L CTEDIETRRIIATIZ e RS-,
ZDSRMET TEZDIIRAR D — A 8K T O3 3 fe i/
T VF ThLHEh, BT O 4 WeTr A Esi
72. L, [EEHATHE L Tl 9585412, AkEN
TSN B W5 ORE B i 2512 LOMEEE A (12
TN, ZZCRIIEERESNAZ LD, Bl
W FOHEX LT RAET AR EINT
(Palmer, 1997).

Fex L, ZOHEMEYWE T OBEEE VF IZBRY AR, E
Yy OEMGHE T 3 L0, [ W) LR A% (RIS TIPS
AU 3 IR A IHIEHE N Ol 217> CT\D. ZOFE
EIZRY, WREMED mWEILOGAITIE, @F A Th
NELWER L2 VW S5 B A AT LIRS IS B B T
ZEEWAELZ (D, 2002) . RRZOFEREE D OKT
L7 B TIXZ OB M 28 LS, TN T I CRAmes 7%
¥THEbHD. FEBE, VF TRBEZ RO T, FEH
OREGHE L TIILENEL, HALITEREL QDL
BEONDRERNI DD TIFEET D, 16oT, A |THE
THERBIC A A o T2 Z A BRI REA RO HT-01TIE, TH
WEHE T ORI ST DL E DD,

JER REE BB, SER 52

BEIR

BEAKR, WA BB+

WBhtiak TITo72 VF F5R0 0, BFEELHET LY
m—Fp—h&, ER e mET R E O/ R 8 EE 5%
(Dysphagia severity scale:DSS) & JtiZ, fEHDHEFKE 1
PELWHER D 2 #hZDT T, MIS T o RFREEHIETD
NI 2B LIZD TR 5. ZORVMADHT,
HEDREE XIS, DLV ELD, MHIH~DIEDIATL
D3 ERITTOENLN, TOEIEEEEILKFLT D0
MEEL THR-TERY, 5 1%, MHIEHE T DR % i
Y ETHERHEEERD.

(23]

Teramoto S.,et al.High incidence of aspiration pneumonia
in community-and hospital-acquired pneumonia in
hospitalized patiets:a multicenter, prospective study in
Japan, J Am Geriatr Soc.2008; 56 : 577-79.

Palmer JB. Integration of oral and pharyngeal bolus
propulsion:a new model for the physiology of swallowing.
AAEAHE FY NG 1997;1:15-30.

WHA T, FHER—, RS, . BWERE)HE
—H T BT M TSR U RS, 2002539:322-30.
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JER REE BB, SER 52

2. IN—F R OFE R W N EE T OG-

SLHERR YA YT — a5

R—=F 95 (PD) OB A - Wl T R (L E 2 T4
WER T THY, Fo, BEWE TREEIX, PD BEORE
HD QOL Z#FH LUK F&ES, LLTF, PD IZBIFHER:
W T B2 0D BRIR ORI E X SR IC DWW T i o LA
RZTIRARD,

1. 1B A - W T PR DR

® 1 Tl LSRR DRV EICTFEL

A DIFET 22085, F7-. Hoehn-Yahr EEJE
FESFLINT UL REL 2, B/ -HE FREEO B
IZZ LL, Tt D72\ GAME CRBEMERAME) 732\,

® HiX—F VRO RWIIRMICLDRER LT,
VARRYT | off REfEIH OB R T RREE L) B D,

o H & W T ORANTDOID LR ENDD, DED,
e TIEB) O A THLREEER), ) ER), B A
EENO T X THREESND, BERMIZIE, 5 o5Ek-
AR I LD E A REE
FAOTRM JERE, 18, HE T RO OIEAE, R, MHEHR
IR OITT |, METEZE LTS | MEIHZE A CHLIR A~
ORI 1 T30 - G O 5RINZ I 2 N EH - x5
R E . I AE R OMRE R 4, REREEIO
JE5. B AEYRE, BREELL TO O -
SRR E D3 D,

® [ AR EICL 2B FHRMEL, BRYELDR
R ERDIENHD,

® SO DA ELTIL, HE N LR EDZAIL T ELT,
W T 2RSSR DT EM L Wl T oD ML B[]
DEWEDIZE | KUERADVAT R ENEDHER,
W DR NNESE VE _EOREMIBH D5 EDH
HLdHD,

® U R LVHELIND PD OREHERZ 5L, FIE
ATEDIRE B ARD | ZWT R IR i ED L
BEANCEED , TIN5, 2oL ER
HE N R E R B T A0 ERHD,

L EEECIHEER OfEE |

Brlig [ -

2. EAHE T REE OIS
EGREDI NFFROHT T, EebDEAES T 5,

a) L-DOPA DAZT F VL AT Tid, L-dopa (ZX25MHE
TREEUEDRIIGERN Thol,

b) BIFREREE - REGREON NZHITD RCT T, i
RTPBINFITMEE R 272 —IR, FBIEDIETH -
7= (Logemann: Speech Lang Hear Res 2008) ,

c) VRUEIZXT 2D B OMERIR~DIERIT-OUNTD RCT
T, 77ERICH L THEBEICREZ X EI T
(Ondo: Neurology 2004) ,

d) i R WE BE 5 O % BE N 212 %P L T, myotomy X°
botulinum toxin A OVEHBH LN THDHEDIERIHRE
ARLOY AR

e) PD OfEF I CTHS Lee Silverman Voice Treatment
(LSVT/LOUD) ®73 8 4@ pilot study "Clm ik
CHHENTHD,

) FEEEMISNEL T O — > TH DR T B2 BN A il
W% (STN-DBS) IZ D Tk, “ON” I mAsE %
BEETHEOMENH DN, W THERERIRELTHER)
T, WE N EEOELOHRELH D,

g) PEGIFRIZ RO HHAE S =D D& FEUINIE DM N
L. VF Jr il _ERAmET 1520 55385, (Pitts: Dysphagia
2008,Chest 2009)

h) Non verbal cue (285 RCT Tl&, HPENBEL FiE)
DFEEEUET D,

i) OIOIUT S —F VRO N EE I T D AN
— LAFRD 7 AT —\EIC LD A E~ DR T
DUWVTHEF L7 (Nozaki: Deglutition 2012 in press) .

H{E TIXFENS, PR e DB, REBAIT . U X D

IZOWTHEIT T2 T E THD,
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JER REE BB, SER 52

3. BEAEIES () DR - FUAE YT — s

BERBNTFEFZRINCYT = ar EFHE BERRARPEFREG 2= e T —a M

b

5% B IR L721RIE S QOL Z B LI-7 7 £ THh
HORWEIEEZTDHEN T8 T, B E OB AEFIT
WEER 5 THD, BEICESTE, BDABKICKRT S
RZITEIRKEND, DA D E R L IR
- R B E 72 E OIRIE OEFE TAEUI DH (KBEFIC
KTHREHLRILLOLWVRENEDTHD, LL, ZiE
T, BAREOH IR H A—DITR LTI, FEBINIC
RISSNBZ LN DItz

NADHEFTCIRIROIBFE T, FRAfEE, ER -mk T
FEBEE KT RS W, W REE T
HEDIRI BT, TR O Rk 2 7o B REFE 3 E U D, A
DINEYT—ar Tk, ZTNHORBEICL T R
FEEZ T L HRECETREE ) OMERF - dEEA XD 2 8%
HEYET 2, 2015 FIIDBAEFE D 500 T NIZETH
ReRE R 54 | k2 2, 37205 TR - [BI1EH -
HERFH BT ANE T —2ar D= — AR E £ T
ZENRTRREN., TORBNEAFE THD,

= - BALATB O T Tl RIS A DI R BR D K7
EFIREL TEROLNDL LI, 2010 4 OB HH
BE TR ABFEIAE) T —a BB EH TR E
AREL 7R o Tz, ABETIE, AR (=D A) Z B 4
T2 T REICE SRS THN TN, itk - TEEZOIR
REZ RBNL CREERARTNSDUNEY T — a2 2752
EINTEDLDIL, WEETOIUNEY T —rar B oOREIC
X2 oleBE 2 THVEMIN TH D, Fo, BAEFED
HCUNEY T —a iR ah THENIT Tk
VOB THERITETHREN, FRIUNEY T —ay
BIRDZ LI EIRBEIZ BT DUAE YT — T a [
D RN KREL T HTHEMFL TS,

MABE BT - T EEORREL TIE, MK
RIS (MR ) | S ZE R 28 A AR 34 33 OV SRR IR A oo
%, M BB ANR 72 E DD, IR % R
MHUNEYT—aF— BRI AL, EBEMEG 2% D1

B, AL— R OB RSaI o= — L ar FEE O,

BBEFITETOEBEDORLDORELK LI LT, B
@ QOL [ FIZREpEEIZH D,

FioL TR ASRCKIADN AR T, BRI LA T
FRE ORI P ZE | FEIE 0 1R CHE RS 12 D ik 38 SRR
L0 S [FI AR SRR 70 SN LD MR PR L S P N —F
VA5 R Ve - EBARE R IO
HR55 - EakfEFICLY, B N EELALD, HE-
e NFUNEYT —a ORVEAAICEY, B4, Lvg
TEDEITEL BLALL TOR ABERERHTHZLNT
=X, REINABFE O QOL [H) FICR =T %ENIIES
IZREW,

KU VRTT LTI, BABE OB R - TREEFEA~DY
NEVT—=2ar 7 e —FIZonT, JRFEROIEHR B
BB D EEROIOFLAT5 | # AR I 1T D HIFIT
DOUWNTHRIL T 2, Fio, BUE, EAETTEEE 3 IR
ORISR R L L C REFRZRETARNTAF
BENAVDOINE)T—2ar HARTAVIREZBE SN
Hb 7o THER P CTH D, BADIANEYT— a4
RIAAZDONTHEF LLTZW,
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4. FREA

[ERGIOE Wb Cog s At -

JER REE BB, SER 52

R

A TUAEYTF— L BB F—san B BAY 2, SN T
ERTUALYF— o iebig R —HB

TR EH I (Transcranial magnetic stimulation;;
TMS) (3= A L% T, RS D ZABIZ &> T
AR EREZF RS EHILET, MND=a—a %
BB X HIER I T IETHS. AR RRIAZRE SR
{% (repetitive transcranial magnetic stimulation;rTMS) | %

MR 72 A b E 525, Z<DETHZEICED, 20
TFERZ ORI (B, ML EE, ~—F
UIEERE, A=Y, HIGD) SREmESSHER (O
99, LIHE) \CARRIERIE THLZENMESILTND.
— 5, #%5HZ E i #E <RI (transcranial direct current
stimulation; tDCS) |58 5z D2 i (B & f iR o> #E fR A
RED DU, BRUT T LV FWETR AT 22 ED,
R0 Bz B ol e oD B 1 A 28 AL S, I As DU ~EY
REICHWIS ET A5G TE B OEREITTHD. it
HilP4 (anodal tDCS) ClLJmpr o B MEZ NS, [t
#) 3% (cathodal tDCS) TILM IZHLE AL TS 5.
rTMS (2T, DCS [ ZE 7R o fREREI RS, 2
DA B ERES | IR 2[R E LR Th R R D DD VD
BRI LI ES DAY MIh D7D %, SHIZZAMDD
TEERIESLSEEETORMLAIETHD. £,
1TMS CTIHEENLELRDTANAZRE DRWERBZ2
7o, RAPERE. DT, Hgs BRI D%
EbbDID, —EHERDOWIIET VARG ITRET
HIEDHRETHD. ZIVET, MAFHO R, K5
iE, FIZE AR S IO TH MRS ST
W5, Foxh CLHFEEL IDCS ZAf FIL C LR RE L)
REBDTND. ITMS OB FEEFEIEFRIZBIL TiEv<
ONDWENRBHDHN, IDCS Z WG ILEZ D70,
fet i AR N OBE N HEREIZ DOUNT, Jefferson DI, 28«
SHRE I D — YEE) B I BE AR, PR AT OB K
FLTUEEBMEEZ B S22 REL TWD. £, K
FRTH, MO BHRRIPLIZIVHE T D reaction time 2%
BT REREDRHD.

ASEFE A ITBEOREESZ B, ETRFHEAON
e - ME SR AE I D — YOEBEFIZ 1mA, 10 43, @i s H [
DIFRERII AT, ZaVELHE TREDAS)—= 7L
L CH WD K1 HE K WE T 7 AL (repetitive saliva
swallowing test;RSST) DZALZARFIL T, EV V2 etk
ﬁiﬁiﬁ RSST OHENNEFE b?')t SHIT, MR OBET

B R L X RS2 C, HEFUAEYZAT
b%?i))%, AR D [RI BRI L PR (21 1mA, 20 47 [, 10
H OB ATV, xS R RR D BE Pz
1Totz. RITRAETE, 1 AR IREEL AT, RITHHET
IAERWE T 7L — R OEZ RO, WE, e EE
DINEYT—a T, BIEZE L3RRS Hard swallow
7R E DRI OEBE H S 2 kT DI, TA A~
— R JEHIL (thermal-tactile stimulation) 72 & D KA
AN %G8 6T DRI <, Z ORI M I8
LW T X ZIEEE S DB X B TWD. AN
K DOWE T NI LD RIENODORIPIZOFH LT, 4D
HD tDCS (ZX DRI L0 T HhAx 2 K058 IR
DTENTEIEE R T,

RV Y AT, BREEE E T E KA 0 6 T =
EVRIIZ O W TCTHE R [E DO IG I HIE B R ATV
5, IR EFIECHOWTHE DD 2 A ~720.
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FER WL #i—. K. Ming Chan

FRAREBU AT — gy —ERL RS — (50 JE4EA )
1. MR AR B8 1T 5 overwork weakness

FERER KSR EVF— B i E R

PEFEERRFUNCYT — T a [R5 G0E

1. & ke

Overwork weakness (i P J1E T LT OW) 1,
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Rehabilitation Management of Neuromuscular Disease —Progress and Update—

1. Overwork weakness in patients with neuromuscular diseases

Department of Rehabilitation Medicine, Wakamatsu Hospital of University of Occupational and Environmental Health, Japan

Satoru Saeki

Department of Rehabilitation Medicine, University of Occupational and Environmental Health, Japan

Yasuyuki Matsushima, Kenji Hachisuka

1. Concept and condition

Overwork weakness (OW) is a condition of muscular
weakness that originates in an excessive physical activity
and is seen in patients with neuromuscular disease such as
post-polio syndrome. It is also referred to as overuse
weakness, and there exist both disuse and overuse
conditions. Bennett et al. (1958) reported that muscle
strength and muscle endurance were lower after a constant
workload in polio survivors with OW passed the acute
stage. The feature that differentiates OW from general
tiredness is the continuation of muscular weakness for a
certain period, and no improvement after muscle-
strengthening exercise.

Pathophysiologically, OW is a secondary dysfunction
that is caused by excessive overload damage and distal
degeneration of massively enlarged motor units. Hachisuka
et al. (1983) provided experimental proof of the clinical
assumption of OW suggested by Bennett. They elucidated
the effect of therapeutic exercise in peripheral nerve
disorders, specifically, the effect of free running in
acrylamide neuropathy rats. The clinical and pathological
evaluations showed more abnormal findings such as
axonal degeneration in neuropathy rats with running than
in control rats.

2. Clinical evaluation

Patients with OW have muscular pain and progressive
muscular weakness, and it is very difficult to determine if
the cause is overwork or disuse. The measurement of
serum creatine kinase (CK) is an effective method of
discrimination. The CK level increases in patients with
OW, and is useful for not only the setting of the load of the
exercise but also for follow-up monitoring. However, CK
does not always positively correlate with the load of the
exercise, and patients might have OW with a normal CK
levels. Post-polio syndrome patients with OW have normal
motor and sensory nerve conductions, but abnormal
denervation potentials in needle electromyography.

Very low-load exercise causes OW easily in post-polio
syndrome patients because their remaining functional
abilities are extremely low, and they already perform at
their maximum level to accomplish walking and other
activities of daily living. A decrease in physical activity
causes disuse and excessive physical activity causes OW,

and disuse and OW are not seen at the same time in healthy
individuals. However, for patients with neuromuscular
disease such as post-polio syndrome, attention is required
for the occurrence of both disuse and OW at the same
time.

3. Treatment and rehabilitation

The essential policy for treatment of OW patients with
high CK levels is a decrease in excessive load, and rest is
often needed for several days. However, if the rest is
prolonged, secondary disuse might occur. Exercise for
neuromuscular disease patients who are susceptible to OW
should be prescribed according to the policy of low load
and high frequency, and lifestyle guidance and adjustment
of leg-braces are also necessary. According to the
Cochrane review of muscle strengthening exercises that
relate to OW, clinicians are still afraid of OW, but there is
insufficient evidence for general prescription of exercise
programs in peripheral neuropathy, amyotrophic lateral
sclerosis and muscular dystrophy.

There is an interesting controversy for the existence of
OW in Charcot-Marie-Tooth disease (CMT) in the
English journals. Vinci et al. (2003) hypothesized that
patients with CMT may have OW, based on their finding
that, in 106 patients with CMT, the dominant hand was
significantly weaker than the non-dominant hand. On the
other hand, Pomeren et al. (2009) found similar muscle
strength in the dominant and non-dominant hands in 28
patients with CMT. In a letter to the editor, Vinci et al
(2009) further discussed the conflicting results of these
two studies, and encouraged research groups to verify the
hypothesis that OW exists in CMT. Videler et al. (2010)
reported similar muscle strength in the dominant and
non-dominant hands of 49 patients with CMT, but found
that the dominant hand was weaker than the non-dominant
hand in more severely affected CMT patients, which may
fit with the hypothesis of OW in CMT. Nevertheless,
before advising CMT patients to limit the use of their hands
in daily life, further longitudinal and electrophysiological
research is needed.
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2. Postpolio syndrome update

Department of Rehabilitation I, School of Medicine, Fujita Health University

Faculty of Rehabilitation, School of Health Sciences, Fujita Health University

Banbuntane Houtokukai Hospital, Fujita Health University

Polio tends to be regarded as a “past disease”, and
disregarded at general clinical departments. On the other
hand, since the 1980°s, muscle weakness, amyotrophy, and
increased fatigue in the elderly, who suffered from polio
10 to 50 years previously, have been increasingly focused
on as post-polio syndrome (PPS) in the field of
rehabilitation.

However, the majority of medical institutions is not
sufficiently prepared to systematically and periodically
evaluate polio survivors in order to perform prompt,
appropriate treatment for PPS. Such a situation may be
explained by, in addition to health care professionals’
insufficient knowledge regarding PPS, polio survivors’
diverse life and pathological aspects as a result of their
long-term changes (including adaptations), requiring
medical approaches with sufficient knowledge, skills, and
time. As a solution, it is necessary to establish
community-based medical institutions playing a central
role in PPS treatment. At present, periodic polio screening
is conducted in cooperation with polio survivors’ groups in
several areas, but not on a nationwide basis.

Such screening facilitates polio survivors’ consultation
with doctors and understanding of their current physical
conditions, including their changes. At the same time, it
provides health care professionals with opportunities to
identify risks for the onset and progress of PPS, and
perform outpatient approaches (PPS treatment projects) in
early stages efficiently in terms of time and skills, while
deepening their understanding of the disease by dealing
with diverse cases of PPS.

On the initiation of our project (BGraS Project), those
who were diagnosed with PPS accounted for 73.6% on
screening based on Halstead’s criteria. The MMT-mv
(mean MMT wvalues for 3 upper- and 7 lower-limb
muscles) were significantly lower in the lower than in the
upper limbs. The incidence of upper- and lower-muscle
weakness in polio survivors was 37.8 and 90.2%,
respectively; the incidence of lower-muscle weakness was
significantly higher. Despite such a result highlighting the
necessity of urgently addressing PPS symptoms in the
lower limbs, the actual rate of lower-limb orthosis use was
as low as approximately 30% in polio survivors with

Koshiro Sawada, Eiichi Saitoh,
Yoichiro Aoyagi, Fumi Toda
Yukari Suzuki, Motomi Yokota
Disuke Imoto

lower-limb MMT-mv lower than 2.

Based on these screening results, the following 3
intervention approaches were performed: lifestyle
improvement by promoting low-intensity activities;
therapeutic exercise, such as stretching; and orthotic
therapy to reduce the physical burden. As orthotic therapy,
2 types of lower limb orthosis were used: sub-polio:
developed for temporal use in brace users requiring new
ones; and PPS: developed to treat muscle weakness in
non-brace users and prevent the overuse of braces. Among
the latter, the systematization of ankle foot orthoses is
particularly being promoted.

In this study, the effect of PPS treatment projects was
examined by 2 methods:

1) A questionnaire survey was conducted to compare
changes in subjective symptoms between different
intervention approaches. On comparison between polio
survivors who underwent screening only (screening-only)
and those who received in- or outpatient treatment after
screening (screening-treatment group), the latter showed a
tendency to perform self-directed exercise more frequently,
with an improvement in the feeling of fatigue, muscle pain,
and joint pain.

2) Changes in the muscle strength and walking speed were
compared between different intervention approaches,
based on the results of 2 screenings performed at intervals
of 2 years. On comparison between the screening-only and
screening-treatment groups, the aggravation of muscle
weakness in the leg with milder symptoms (higher
MMT-mv) than on the other side was favorably prevented,
and the walking speed was maintained in the latter.

These results suggest the possibility of alleviating polio
survivors’ subjective symptoms by improving their
lifestyles, and the necessity of preventing muscle weakness
in the leg with milder symptoms, as it was frequently
observed in PPS patients.

Finally, PPS treatment projects, including these
intervention approaches, may be valid, and, therefore, it
may be appropriate to create a basis for their
implementation.
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3. An update on pulmonary rehabilitation in patients
with neuromuscular disease

Department of Rehabilitation Medicine, Tokai University School of Medicine

Noninvasive positive pressure ventilation (NPPV) is
indicated in neuromuscular disease patients with chronic
hypoventilation. Techniques and devices for pulmonary
rehabilitation in such patients are aimed at avoiding
tracheostomy, which carries more complications and is
associated with a low quality of life (QOL) compared
with NPPV.

1. Efficacy of NPPV and pulmonary rehabilitation

Conducting randomized controlled trials to prove the
effectiveness of NPPV and pulmonary rehabilitation is
associated with ethical challenges. A recent report by
researchers at a Japanese facility described a marked
prolongation of life in patients with Duchenne muscular
dystrophy who underwent NPPV and pulmonary rehabilitation
(18.1 years (50% survival) without ventilator support; 28.9
years with tracheostomy ventilation; 39.6 years with NPPV
and pulmonary rehabilitation) . One limitation of this
report was that the historical comparison was influenced
by other factors such as progress in the management of
heart failure. Nonetheless, the effectiveness of NPPV and
pulmonary rehabilitation in improving QOL is undoubted.
2. Guidelines

Although evidence regarding the benefits of pulmonary
rehabilitation in neuromuscular disease is insufficient,
many statements and guidelines recommending the use of
NPPV and pulmonary rehabilitation for several neuromuscular
diseases have been published. In particular, one recent
trend shows that NPPV is recommended in conditions
where it is difficult to understand the patient’s wishes,
such as spinal muscular atrophy type I and congenital
muscular dystrophy. Because guidelines for patients have
been established and patients are aware of the contents, the
need for coping with the patients’ demands is increasing.
3. Spreading use of NPPV and pulmonary rehabilitation

There are patients who have not received the benefit of

NPPV even if they are appropriate candidates not only in

Kozo Hanayama

Japan but the United States. Hess described the barriers to
NPPV use and considered the means of adopting new
technologies.
4. Recent progress
1) Index of respiratory muscle fatigue

Indications for NPPV in patients with neuromuscular
disease depend on the symptoms, arterial oxygen saturation,
and arterial carbon dioxide tension. In recent years,
respiratory muscle fatigue has been highlighted as a
clinical indicator. Several indicators, which can be
noninvasively calculated, have been proposed as alternatives
to diaphragmatic tension-time index.
2) Techniques for airway clearance

Manually- or mechanically-assisted coughing is effective
for airway clearance in patients with paralytic respiratory
disturbance. A new study on the effectiveness of a
combination of mechanical insufflation-exsufflation and
oscillation has been reported.
5. Conclusions

It is widely accepted that pulmonary rehabilitation
contributes to the prolongation of life and improvement of
QOL in patients with neuromuscular disease. The wide
application of NPPV and pulmonary rehabilitation is
becoming more widespread. Despite this, several patients
still do not receive the benefits of these techniques. The
reasons for this situation are multiple, and efforts to

improve the existing trend are required.
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Rehabilitation Management of Neuromuscular Disease —Progress and Update—

4. Rehabilitation of Parkinson’s disease:
the latest evidence and approach for the postural disorder

Kyoto Prefectural Support Center of Rehabilitation,” Department of Neurology, Kyoto Prefectural University of Medicine

Nobuo Takezawa

Parkinson's disease (PD) is a chronic neurological
disorder with a prevalence of about 100-130 per 100,000
persons. PD develops at 50 to 70 years of age, and the
incidence increases with age. The primary dysfunctions in
PD are tremor at rest, muscle rigidity, akinesia, and
impaired postural reflexes as motor symptoms. The disuse
syndrome, including muscle weakness, limited range of
motion, and postural disorder, occurs as a secondary
disorder due to low activity and lack of exercise.
Furthermore, a postural disorder, including PD-specific
forward flexion, can also occur. In recent years, autonomic
and cognitive dysfunctions have also been noted as
non-motor symptoms of PD. It seems that cognitive
dysfunction exacerbates motor symptoms, especially in the
advanced stage.

In 1994, Comella et al published a report with high-level
evidence about the effects of physical therapy in PD
patients. They evaluated the effect of rehabilitation, using
the Unified Parkinson’s disease rating scale (UPDRS),
and Thaut et al reported that gait training using auditory
cues is effective in PD.

Later, Morris et al suggested that there was a
dysfunction of the central rhythm for maintenance function
and movement amplitude, rather than of the central function
of gait cadence in PD. Baker et al reported that, in a
comparison of gait training using a strategy of attentional
function and of acoustic rhythm, the improvement in
walking speed and stride length was significantly better
with a strategy of attentional function or with a combination
strategy of attentional function and acoustic rhythm than
with acoustic rhythm alone.

Keus et al analyzed 6 systematic reviews and 23
randomized, controlled trials identified from a systematic
literature search. They recommended: cueing strategies to

improve gait; exercises to improve balance; cognitive

movement strategies to improve transfers; and training for
joint mobility and muscle power to improve physical
capacity.

In the advanced stage of PD, a postural and truncal
dysfunction develops that is associated with forward flexion,
scoliosis, camptocormia, and head drop. Furthermore, this
combination can precipitate gait impairment and impair
ADL. In our studies, it is important to supply motor-sensory
input to the pelvis and trunk involved in gait, postural
control, and maintenance of physical function. In addition
to the postural disorder, dysfunction of the cerebral
cortex-basal ganglia circuit results in freezing of gait and
impaired ADL. Therefore, it is considered necessary to
intervene with cognitive movement strategies. When
performing interventions, rehabilitation strategies must be
chosen according to the stage. Thus, it is possible that
rehabilitation affects basal ganglia function. We believe
that voluntary truncal exercise, gait training, and an
educational approach are important from the early stage of
PD.
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. IR BRI LS

REARER G E R AT SRR IR A B 700 B

REACK AT S M RIS e )T — S 2

(S VERPEEBIEIE (B OA) IZx 3 2 Fk i, B
BB T DI E B 7T N CERT DN T
BAEEHAIT (TKA) 235, W &b, Fiirds B0 =o
BRI, AR EIIC R ELTETHDE, i
IR, SB75uE R EA2 BIRL, RN 3 koo B ES
FRAT I L DR - i R AM T Cnd. ARFRKTIE
bbb NBAERVIA TS, medial opening wedge
type O AMRE TR L% WIS B B Y10 (HCO) &
TKA (28175 3 RoCBEHEBNAEHNTIZ OV TR 5.
[F2E+ 1: HCO]IT I OA 2%} 9% closed wedge type
O EALEE BB (CWO) T, %A TR O I B
SR E— AL R (Hab) O & BRI N B — A B
(Kad) DD BHESNTND. LnLARDS, 17 T
FEOMRPRESID HCO #HOBITENREIXH O TIX
720N, ZZ°C, HCO DfiiHit: TOBTIRITZATV, Ik
DIE DR BRI,

UG E 7B 803 Al HCO 247> 7= IALEE OA10
JEC, S FTA ZAiTRT 184° 23D 167° ~FEIELT-.
TRTEANE 6 7 AREIZ, 1) 3 WoTHEBRNTIEE (7=~
FHE MA-3000) THATHENT ATV, SER TS FUE Hab
& Kad ZHIELT-. 2) TR Rl X #tg4 HW, fir
B R 0D I B 5 1 0D 8 A 1 (%MA) EBERE R
(FL) Z5HAIL 7.

GRS 1) #rali/Afi# (C-¥) Nm) i, Hab 1 79/98 &, 4
BT, —77, Kad 1% 81/62 &, #i& LTz, 2)
FEI%MA X, TRT 9.2 B4 59.6 MK ~EEIESHL
TV =, F72, FL 133 4.6mm AL TV, b 2
A H & Hab K& O Kad SO BAOH2AHBE I/ 0 o 7.
(f5m) HCO CIEffi# FL TR EIE KT 2600, CWO
LIRIER D % BAH M OB & — A b E LA D
PN QAY S

[#5) 2: TKAITKA TiZ, i i B2k 7
A(SB) ST HZENKROLIL, — MBI IT R - JE ih
gap ZHILKEFBETHIENHERIN WA, L L
M5, SB 234D kinematics ~MIF T REIZOWTIL

B3 3 ot BEEEERET IOV T

R P, [T 5, BA R,
e BUE, Pl 25, A M, KE R

IR,

Keb B, 0 T, UK S

BN TIER. 22 CTHE, JE#ZTO SB MMl
kinematics ~MIE T B MET LT
OeF5ET715] %8513 PCL BIBER TKA 247572/ OA 30
BECTHD. 2 BEYIV%IT spacer block 1% T SB %%
FAZL7z. IRV, offset tensor CRAH i L FREfEL B =
FERIEL, EiAz(90° ) T insert 18 A% D PNAMAID
SB 7 (AS) #H ML OMAIDFEA%+), AS=2mm @ A
FEE AS>2mm D B EED 2 BEIZH3T, ik 1 A IRFOD lunge
B ERED KRB I (FM) /8 (FL) @ rollback &
CISE PAEA EE (TR) % 2D/3D registration I CRIEL,
a7z
Ui SR A BRI 12 R[4 S fif 0.1mm (0-2.0) ]°C, B #EiZ
18 ME[FH) S il 3.9mm(2.3-5.2) | CdH-7=. FM/FL @
rollback & (2% mm) 1%, A #f 2.7/4.8, B £ 1.9/9.7 T,
B #ED FL %, A BED FL XUV B BED FM 12~ EIZ
BIFBEIL TN, F-TROEE ) I, ABED 421251,
B #E Tl 10.7 LA EICRED T,
(itiam) A I OfE R &0, W2 IZSMAIRE rollback F4- K
S, F7- medial pivot pattern &7~ 3 O N EEE) 2
EUAT=OIZIE, BT 2~5 mm FEIMAIDEEV
FBARIEE z BT,
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FAHSESLER R R REEY eV T — a4
SRR I SEIE R R 22 RS e B a bR RE T A4 R (RO SMED)

HARTIX 2010 FITITH A 0 DHIBIZ 65 mELL Lo & i
ENHDDLEIGHN 23% LR Enthalin 5% R
(% HIROVGR BB Tl b 2t e & TS LT
D, RN EFEETHL 7 N#EOLENR B
AR RIS EDZ D TEL MM, T b bt
MEFEFF MO ZT B TR 9 4, L Tidsy 13 424
S, O #EE BT DM N T IERL TWD, BT
HAE X SR O HERRR T, JASLEED
SERR DI TIRAER BIRPMERITHERET D720 IZHE D
RITBHE THD, EE OB ITILZ LN E HMEREE
PrC TR E AL E B IriTHERE B F e ebic
TIE~DFENREN, FAEHD 2010 FIZ 18 A,
2030 FEIZIX 26 T NIZEET D& TRISIV TN D, KERE
AR IR R E L B 3T T D KRR 81585
P (W2 KIBRE ZEEAMAE 4T : LR 158 3T) &\
BN E T ThH 2 RIRE FFEE T (WD KIRE #
NS BT LR BRER ) (S S A, B TR I B
THTHOIRIRIEN R D LT LMD TV, %
FHNIERI 2D ZENZ N,

— W B HLERE M BT RIS Ko TR AR I
RN DD ERABILTEY, MR T ITIZPARZ 2O
BT PE- TRIEICHE NG 20Tk L, BEE = AL 37
PR 60 1k AE TITIGINT 23 DRITFE AN
BT D, REREEALEREHTIE 70 sRE SIS &
BITHWEINT 22350, HAREAR 202 =R A
D 75 A CIEBERE s is FEEr i 2ol
L. 80 ik LR I THA B ST OEIE D3 N L &H IR E
HEIMTHZERABNEI>TND, T, DILbILDE
HFTOREND, TNENOE I ORAF G ITITH
BERSY AERBNC A TH, w2 F.OE LT R it
B CIXEEHE I OEENENLNOHTT L @SN ERN

Dotz SHIZHEFALERIC BT DI ERORFING,

MEDBEVE 7 D FE AR T TIXEE T L&
<L HUT TIHMERWEHEES LTz, ZD I KRB UL 5
AT L > TRAEZERDPRRLLDOLEEZLND,

YEIE BAT, ARl
ML I, thER B, AR R—

BRI MR T DIIE AR D H BRI, B 38 AR
TEIMER T35, BREILEEEDR 70%, %9 30%
XEE CHESND, BEIIAT—F v~ Db
PEW) (AGEs) OZEFEO AN E B SHL, FERFZE BN
BHEWICBI2EREKRTOERELEZHLIL TS,
B AR T, Ve O TRBCEFITHEZD, B
D 70 B E TR OB IR T, UIRITRE
FCOBHERFAFLERESINTND,

A -3 5 T LB B T DR AR DS BAME KR -1
BILCTlE, EBITL T2 @ SN OREINIZEAE T, &
BI5GATS 9 BIRTR DN BN &S AG BRI I (T K& 22T
RNEZZBILTND, BRI DWW, E5ET
13 70 FRED DM LSBT RII TN T 22800, K&
TEBEORBENRENIENRBENDDICH LT
AT OWTIIRHTH D,

KIBRE UALERE I IRS T B ARIEME B HroF &
FRZFEMICHE CEAUL, BT TS L TR AR
TEIRD BV R AT REL 720 | (B Ay A (R 1 23 %
LOEESND, BFHEEZ GO FBIEE R ORGHT
BT, S5 E I e BT B8 e L R
T DHIENMETHD,
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3. CRPS (Complex regional pain syndrome:
A R PTETR IEARE) (26 3 D AEMRN A TR IR

T FRBESETEAN R R R R A e AT P L 5 20 B9
SRR A R BRI ST TR RS P RS 43 B
7= BRSTER R ERRIFL TR AE YT — S a mlerhig e

CRPS (Complex regional pain syndrome: &M RAT
PIRAERRE) 13, 1984 ARITHIESIVTLLR, Bk~ Z2BRIR
JERZE BT DIENDIAT Y — L REISN TE 18
BN IR IR BT D, TOIRIEN R THDHZED
5, BEE ., ST HIThR TR T2, FIFRIEHED
BEBIEHLHE DD, ZDHdH 0, TR E s
THEANRHL—FH T, ENLOfm XPRIE Tho72E
DA S, HIRMZTRED TOWAIDICR A5, L
DU EBRIE TR 21, 2008 2N E TR R BA~D
BRAERFHMREZRITAIOICHIML TETHLOE—
i, AR R VR O W T 1 —F ¢ — T, FEEAR
) A e S S RN By aks= b AN K =3V APV
RSB DM R I AL L | AP AR MR & S T D b %
B, HOWVIIMRRE A2 T oMATT RO 2 HA %
bolbEMTLHELZ, Foxld, 2002 b —HLT
CRPS DEBIIREAG A1 TV KRS R s o JJ £ D FIEA

TELLDITRRERISMHE IR 23 2V R PTET R A8l

BRI DO H D BF O T ES A2 A B
TRV, —EDOIERFEET > CTE, TROLMRE
A= D Al RENE O 72 FE R & B BR | Polyglicolic-acid
collagen tube “Cli Wriii 2 4G T2 i, FR R P A2 0D T REME
HDHHLOIFREFIBENT 12 L &0 F 0 A TOF M T 7-
DILE A SRR R Z B e % ERNTE AR
PREFBPRL , IRIBIEFI DOHAE L LHIZE DR TR LR
HWEFFESETEZ, TORR, CRPS DIFHEIC, H—
R LU CIE AR R T DML, FELIT FRE R H H DU NI R

FEVE SR FEPH A RIS 70 & DURES AR R 23 B 542 D |

BEEELL CRIMREOREE (5 5% CRPS
type I, ERIMLZARRRREE) 3HHZ L2 WAL CTETe, —7E
D R 723 i 2T 7= 1, 2SR RERI DA RN A TR
JEDS 79% (N=300) ITIRIERIIL . 2 E IR T 2010 R
HIPNRERS L, RERFHLEEAEAHL TS,

FaH A5
R ERE R ELE
A TR

Bt BEREEITE 350 D OEIF K EO 2RO DAL
UV (13%) DMEAEL | IEBh R 2 B DTE IR O N #ES %
BRNLT- R D, SDIC, NRMMREEAEIL, EERAo AR
BSThYy, Bk B a— —t 2 ORI ST R E 7
FZRAELHZEIZD, A EIE CRPS EE IR 24
BN AEBRBEOBURZ T 5L EbI12, ITFEINEYT
— AV ERNEETHTHAIREE DRSO
EY AN
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4. FEEhERE BIZEI

FHEIE D~ F— A

FLIRE R KB A~ E Y7 —s o s A 1 22l

TEEI IS L LI KA % A - BT O 17 -
BB X I Lo CREE BB LT 272010 "l K
WE THD, TG, RIERENT TN EWED T
TV T D LIRIRH R AR R B & L e LT KT
fifh Ze e . BAEREENHIBR , AR « A XKL TR R
PR BE A AE T DORERER LD,

EB G I DI AT R R RO B & 2 E
B1-8 ., BfEMIIZ ADL fEEAZ7-L QOL K FIZlEh=e
T, MIHNERICONE T R - sk T 227
BEHIVERE B2 9 HEHIT720 SDITLER - f A ) n gl
R IR BETE RSN HZE TVb W DB MR ICE 51
35,

VIR 1 BB AR B P R T R B S AT . AR IR R
i ERMEREED 3 SO BT AV — T EEND,

12 EZ A MILIR (nociceptive pain) L ENIITL . F ik A0 ol
WD\ MIAL RN S DR RN MR 52 R e 2 B

BSELLICIVET DI AR Thd, ZIEBIEIE

BAETY D~ FERIEMEIR BCHAMEIC L AR DR EZ A
PEIETR & 2 HiLD,

PR B FE ME SR (neuropathic pain) 132552 25 45 D i
B2 EDIRWRIFHE T CIR 7 0D i P 2SR R AR 71 12
Z UMD IRME R R OB G H DV ITIR B O FTREME D
DHDEFERSND, BHCHARRIEECHE MR~ =7
FHAE RIS LD MRRAR R | Hr R IE 2 e R 72
EDME TS,

P MRS (pain disorder) 172> C LA &R | L0
MRS TSN TNL DO LIZIXF—ThHD,

HxOHTA)—[TLTLEMILLI=0b TldR H
BT L EBITE, RFNZ{ELHVELZ LI E
DLEETHD,

BRI IIT DKL AL 3 SOERHREOWT
ZHBEE T DD TH D, FWIRIE AR T oy 7| By
PEIEZ B D TR AL BLNLATRIRIZ BT HiESh#R9K
FA~DOT 7 a—F LN T b AETE R RE L~ 1T
HRELDTHY, ZFDT=O LI A DERNL  FEBE D A7
O EE OLBEREE IR B (R RE R T DR
BIOAETEREAHIEL THMLENR DD,
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JER R ATHA, M B

A AT YAME NG 725 TN T— a EEADA L T
1. Rl IERE B D A

JEEVL RS R R R I o e B AT

S

PR30 SR, IR K> TAELD F L2 & D
I E E O TR E O EIE A RE T D701, (1) 5
DR L > T HFEL T H3EENC R G- D4R [E] 1 o i
EBAREZRNICED T, Q) FZTEMUER) A5
B, 3)EBICEDORIEICE> THRELEEME T1T
AR, mbT 52l BEELL TS, BARBIIZIE,
(1) B DD LTV ~FE T2 B EA I 2
TR G i S 72 8o LB 2 T D et
2, Q) BEOENE LT DEE BRI E I
L5 7 (R R SO R A FE o (R A ol
) DAL TERFOERL-E#HZIVES I
(B IO I [FER) S — L AR LS 52 E72<) HHLE
. Q)VEFHNCAE T2 (1 SOIEE) 2 — 12D
ZHOYEIT 100 [BIFRE) THD, ZOINKIFIC LD
FHENPB IO FEIC LA EE EDa B R —
var, ZLTCEOERINZR KB, Rl EREICE
T DH IR EAL OTRIEIEE L CHGAL TD, T4, M
O A YRS BUIE I EARAF ) T D F, 7 Ak X
O [E] B CIEBUE MRS THID TE DR
FERNENILSNDZEDNASHABNERY 2D DMER
FAEFRIEIZ L DB RERITE DO BLERHURIL L 72> TND,

i zs v BB R CIE, B ICxE T H Rl o
#9725 ADL OHEREREE O EIEIZ A R e BNE
2o TS, —J7, BERHE N TELEE RN
T IRREE DB OEEEEE — RN EEET D
M, T =R EF RO HIK D7D 1 s [ 2
FZLHEROTHIIA D TR, BUERRIPNIC R KIRD
R EGDHT2OIIE, HEROE | Om ENEEEEZL
o, RO REE ((RBFH, 773V 7 —a
UOVEL BREE T BRI d U D 10 SR IR E RN,
BXaR . ATHE S, IHfME, ADL IO W T BHAIUAEY
T2 a R EMOIERIEEND I LT R, M

FEHVEE T ARTAY 2009 12BN THHELES L —RIE Cl1.

FTROLUTIZLEZZ B L THR WA, 372 B FH9R
PLANTRN | ESTVTN D, (it SR PRIEDNUE R DA% 7
fEIEVRICAT L TRRLD1T, BEX U ER 2 B L THE
PRI RAE T2, 5 &2 DFHE~ORBIELH T 5

FHEB B REEE R VT — a5

TEE &

RERBITHND,

R AR FIEICBIL i, SV ETH R BRSO KR
b4 1B R A S PESERE BN 381 % Bk oo @B e, A
R T 2, AMIR A BRI 6 L CE DY R RS, UT4F
a2 Db Z DO EBHESN S OHD, KUK
D LTUE, Bz DSFERE LT A IR R RS
I DA AR IE LB F R L DT IME gk IR
ARER72E DR ORER A F 2 T RBRAEEIEDOBLR
LR, T CABORRBELTOERRE, Thbb,
IEEY OB S A2 L LD BF I LD LB R 72 b R
77T EONFADON T T Do
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Constraint-induced movement therapy (CIJ#&{%) (%, %
<ORCTTEDINREDBHENDHILTEY, FEIZ EXCITE
(Extremity Constraint Induced Therapy Evaluation) trial
(Wolf, 2006) IZk~>TC, ZDOTE T U AT SNIZE S
ST, T, HARDEFRER T I rTREZR I T,
H 3425t 715 (Hosomi, 2011) % FL-MN, =
FULCHERIED Review (Reiss, 2012) THIEH SN TEY.,
H ARE Ok CCIHRIEN RSN D LD & RIS
72N EEZ TS,

B OMALELT IBRZICUELIASRED 2 % E
THEFFS LD ZE (Wolf, 2008) , /N ~D )5 H (Charles,
2006) . modified CIIE, §77206 1 H 3 Fffil X21 A
(Dettmers, 2005) , 0.5 FEfi] X 10 1 (Page, 2006) | 2 FK§fi#]
X33 (Lin, 2009) 13 FHRINTND, ZHDERFHIC
DRIEI, 6 RERDIGFRITBE OAMPRKENEL TESR
ENTODB, FUEZDZ R E O EDRERIZH T e,
o, AMEHICTRIEICOWTIE, B RNFER STV
WIZIT TR, BERATOIEE RN T RLENIHE R
Y (Dromerick, 2009) , EE &4 5, LD, EFECI
i (Lum, 2006) | @SS AME B2 k92 CIFR % (Bonifer,
2005) , ARV U XA (Sun 2010, Levy 2007) <> tDCS
(Bolongnini, 2011) LD 72 ERE NS SV TS,

Tty NIRRT B AR CTEE (TR, 2011), 41k
CIRIE (714K, 2011) , RV U XAFEELO O (TEH .
2012) 72 LIS AZEHED TD, Fio, FEiE S ET 50T
12RO EDRREITH LTI, W35 Z & A R AT
fili & B R AE B RO FRAE CREFI L7 (Kagawa, 2011), S5
\Z, Transfer Package ( H & A1 (235 CRRBLAI o
il 212 TENRIG) (2 DWW T Fe 2 I XTRIRELZ D
SEHEARG N I (T Ak, 2011) 72107 Tl 1B E T LR
I E D D B HTZ L% 7R LT (Takebayashi, 2012) ,

A%, FRHREOBER SO X0 FEMIR R IRERD
RO T% T TEHRREECIFRRE ORI EE) 7 H
HERIZLDIREA =X O 1 TMS X tDCS 728 %
OFR LI ATV RCURIERE DRSNS, BITE,
2 VTP ET Y VG KD E B REATG 0 U7 1R

(RIS

(Koyama, 2011) Z g 2L, W& M O HEREE D FA
(fractional anisotropy) bt (FRARI &I FA fED H) 12X
> T, CURIER OREDO B PR TE L REMEA
~L7z (Marumoto, 2012), %2, BAEEEREEZEZH TH
DAL ERED FEHN =2 — YT —2 g T
JEHASIEDELTWD, CURIER & ToiEBhEE %4 OF
LTI ZDOFRIREZWIFF T HZ LT TERNEEZ T
Do 272X, RIS 52 IR AE L T2 & LT M H B
BET27-DIIT ARy NI — 0% D72 T2 b OFEEN 77 3 4
ATHY EERIEZZNZOME—D HERES 2500
Thd,
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3. HANDS Therapy & BCI

B EFR BN RE LTI AT — S a E R

Hybrid Assistive Neuromuscular Dynamic Stimulation
(HANDS) therapy 1% B &%k B &l = /7 fE I LD B <UR
W hr— Lg%/ N R E B B B AR
WeAea 1 A SIERIEAE L, H RN COREMN LDt
FZARL., BRELEZ D learned non-use ZfEH 3 2&EH1T,
FEREAR L Jiz D SE BN B E O e & X DB IR T D, 18
DY ANEYT — a2 TIEBEE D3 R 87 2~ B D
FRELZ W TH B GEIER 6 7°A DL L) D 3
W OTRHE T L RE 2 B L. AR AR TS T o RRELR
EREOERAEELZHMSEL2ERRESNTND
(Fujiwara T et al. Neurorehabil Neural Repair 2009) , £7-
ZOIRBRNRIT IR 714 3 2 H BRITIB O THHERS
NTWe, ZOHFIZELThH, EXRAEHRTRICH
HANDS therapy (2D SCHERNHI 7220 ONTHREG - ER L
EEBI T 2 B ENMH O HERES LT D,
F 7205 HANDS JRiE i, BRI Lo H L~
TOMRMEMHI O UGB LD EEME D BB D B 7257 JL

ENIHI OERRIC LD TR TO AR ZALA BT TR,

ZHUT IR IV TH BN RE D S AN AL TV
HEEZHZENTES, ®IZ, Shindo © (Neurorehabil
Neural Repair 2011) iZ[EIE#H D EE 2B\ T HANDS
therapy DOZNEZMFTT 572512 RCT %17V HANDS
therapy DN 2L T D,

L22L727235 HANDS therapy D) &72H121%, FHa
R HE GRRFR IR Al 72 &) 0 55 16 8 203 3% 1A dEA (L0 e HE
DA[RETHIMEN DD, 2 CTHR A 1T TR AEECIG
BB 72V BTk TlE, Brain Computer Interface
(BCD & AW UAE YT =g 21T, FHRMEHEED
EBIOHHEZ BIRLTW5,

AT TR A A— DB (B BT 1S R
% Event related desynchronization (ERD) % FE{= 827 | Z8H
Fé FRM MBI L, 20 ERD OHAERN T —EL
TEBEERICIVIEEMESES EEG-BCI ¥ 27 L%
F L7z, Sindo % (J Rehabil Med 2011) {ZZ¢? EEG-BCI
AT DZ S M O i A5 T R R AR LT O SRR
EDC O IEE ORIz H AL TV D,

EOIZHIETR % 1X BCIIZ LY EDC OfFiEEh 23 HELL 729

R Rz

FIZXL CTHANDS JEIEZHIATL . SO 0BRED W EE
[ENQAYN

TAEOT 7 /ay — MR FOREARNZ LY | fEkDTFBE
DI TIXEE SN #ETH 7= EE F R ERE 2B T
HEEBERIE DO ATRENEA RUWMTIEA > TWD, 5% DED
IRDFERITIFF LI,
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FACRF R E R FEREAR AR B 500 B

SHRZ RIDRITRAATO KM E D B4 N TS
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