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Rehabilitation in regenerative medicine: regenerative rehabilitation

Akira Tto"

Abstract
Clinical application of regenerative medicine is steadily advancing nowadays, and some cell
therapies have already reached patients in need. However, in many cases, there are issues due to
which patients were not able to adequately restore their function by just cell transplantation.
Recently, the importance of rehabilitation is being revealed in the field of regenerative medicine;
therefore, a new research field, Regenerative Rehabilitation, has emerged. A factor in the success
of cell therapy is optimization of microenvironments both at the site of cell transplantation and
around it. Rehabilitative approaches will be able to optimize one of the microenvironments such
as the environment of mechanical stress and temperature. To put this into practice, we need to
verify the effects of physical therapy on transplanted and endogenous cells and its mechanisms,
safety, economics, and possibility for clinical application. These are the fields that physical thera-
pists can apply their specialty and experiences on adding or modifying mechanical stress. We

hope that many physical therapists will join the field of Regenerative Rehabilitation.

Key words: Regenerative medicine, Rehabilitation, Mechanical stress, Microenvironment,
Physical therapy
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Fig. 1. Adjustment of microenvironments is the key for success on cell therapy.
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Fig. 2. Regenerative Rehabilitation.

Regenerative Rehabilitation is

A Body of Knowledge in Rehabilitation Medicine that will
« Synergize with Regenerative Medicine,
- Optimize tissue regeneration and functional restoration,
» Maximize therapeutic consequences in daily living.

Fig. 3. Definition of Regenerative Rehabilitation.
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Fig. 4. Proposed concept of Regenerative Rehabilitation.
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Fig. 5. Conceptual steps of Regenerative Rehabilitation.

Fig. 6. Roles of physical therapy in the field of Regenerative
Rehabilitation.
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Cell transplantation and rehabilitation for peripheral nerve regeneration
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Abstract
Autograft is a gold standard for regeneration after peripheral nerve defect but leads to donor-site
dysfunction. Cell transplantation offers an alternative treatment for peripheral nerve injuries.
Rehabilitation, such as ultrasound stimulation and exercise, could accelerate peripheral nerve
regeneration. Therefore, a combination of rehabilitation and cell transplantation is expected to be
a new strategy for peripheral nerve regeneration. In this paper, we review studies that describe
rehabilitation after cell transplantation in animal models of peripheral nerve injuries. Ten studies
on the combination of cell transplantation and rehabilitation were identified from PubMed. They
transplanted Schwann or stem cells and conducted physical or exercise therapies as methods of
rehabilitation. Either cell transplantation or rehabilitation could increase neurotrophic factors and
promote nerve regeneration and functional recovery, which are better enhanced by their
combination. However, there are some limitations. Compared with autograft, the effect of
combination therapy is inadequate. Furthermore, differentiation of stem cells into Schwann cells
is insufficient in vivo. For further advances of cell therapy to facilitate peripheral nerve regeneration,

a study on optimal intensities of rehabilitation is required.

Key words: Peripheral nerve, Peripheral nerve injury, Peripheral nerve regeneration,
Cell transplantation, Rehabilitation
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MR 5E N7~ (vascular endothelial growth
factor: VEGF) b \Wwo 2l ER T2 5 WS¢ 51500
POz, BHEJE THRE I A B Y) 2N REE &
ED B LA AR RES 5. F72, 27 VA
a3t U 72 i (34855 L 72 ik 12 B v T REBH I K
S 2 G HF 2 T 5 2 L TSR & 12
XL ELMBHEEINTVEY,

5. #lREBELY/N\EUF—2aY

M#ET — FZ2{EK L (Table 1), PubMed TH
L=/ D13630: 05, MllaE#E )Ny 57— 3
YERMAEDELHEEZIOE L. F05 b, Y
NEYF—Y gy LTHWORTW DI, Y
e LCEEW I, BMERLE L—Y— 114 #%
SR L, EAUERREEE L, EEpRREE LTh
Ly FIWVIH, Kik2HTHo72. HW7-Milai,
T2 YRINEAY 4 fF, iPSHING kSR A 2t 1
f, SREEEAIEAY 1 4, IR T 44 (e b
FARERD 1, BHHR2Z3M, 9b 1 1HiEy 2y
M ANLEEE L CRBIE), Tho7z HEET
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Table 1 Search strategy
#1 peripheral nerve [MeSH]
#2 peripheral nervous system disease [MeSH]
#3 #1 OR #2
#4 cell transplantation [MeSH]
#5 stem cell [MeSH]
#6 Schwann cell [MeSH]
#7 #4 OR#5 OR #6
#8 nerve regeneration [MeSH]
#9 functional recovery [MeSH]
#10 #8 OR #9
#11 cell [Title] OR cells [Title]
#12 #3 AND #7 AND #10 AND #11

WAL, PRERIE (RRRRITZY) 7 UA 7 1, MR
(W %) ET VA3 TH -7 (Table 2).

- MHERTEHE S ¥ B B E I RS

Chang 5 1Z20044F @ #i " T 13 10mm o A4 5 ik K 4H
EFN, 20054 OHEY TIX15mm D A AR R IEE T
WIZY 27 YHila 2 BR L CREERE 452 & T,
TR AL Rl BB, B8 Dk B G O & e L ¢, iR
OB E o MR 2 A AV S iz & el
LTHY, 10mmOEIW, 15mmOEIHio &6 5128 W
bEBEGBEDSA SIS, Lvb” D, AFHRKIEE
TIVIZ e MPSHIRD H Sk e e w4 RS Al U i Ok
BRI 2 EBTIE, RO, SFI (sciatic
functional index) &\ 72 EEIEERETE B Ml % nE
EEOUHEIHRE SN T2, L L& oFHAEmE
ARONZELHELTBY, HHAME ORI BAL
ML OIS~ D 5L & W5 P RS X 2 A A 5 %
OMFERRIZEDHDTELEVNREERLTWS. K
AR (2 2 B E I RS X, Daeschler 512 &
HAEZTFYVAICBOTHIEOE S, MR omEE)s
HREAZEEI UM AR 2 S S B8R0 H 5 &
ENTENY, TS AEBIBERE R M58 D
BN olbEZONL, KEMBTOERT
X, a7 RS L CEEERE AT 2RIk
LSRR T oMM, MlESROMN, Y27 v
ML OB DS S hTB Y, BRI L
THEEEFZ 35 2L TMEROFAEIMEESI N &
EZoND. T, BiFErh oiPSHING kAR e
B2t U Calib) 7 5 BE 08 E I W 2179 2 & CHillg
DL, Bl R 27 YR~ 5ME
PIEES N B LW SN TH DY, B WIS & iPS
N SAR RS M L AR O BE R A A b7z b %
Zbhb.

- MRERARE (S T B BB HR AT
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Pang 513, & 86 M 2 A L 72 2845 AR )
HE 7 WVABE IS 247, HERR, BRREN 2 WA
WKz, ¥ a7 YRR, KERTOBMA A
Lz G Lz, RERTFIZOWT, MmEHEICH
M b L N5 VEGF SIS AR 2 B v Tl
MU, MR EmEEcRENL TR, F72,
BDNF (308 559k W G HOARE, MR R A AR & 3 (238
L, B E MR A LT3 s 51
BIML 72728, 1665 L7 KRR 3 % 8500k B 4t
2 & BT A & RN L 7= BB VRN Lk 5 5
WHRHHIC X 2 T AE DR RS A SN E XD
ns.

- MRAEICH T B L — Y —HRE

Yang &' 13872 S FRIL 72 M ZEREGML %~ 2
7 AR ANGL S & TR L 72 A R E TV
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B & v o 7 40RR R PR AR, fTERRRECE, HA
GBI B OWFEZ G L Twah. T2, MlaBhg
B CIIRIEMIE AN L7225, L —F — B2 o
Hh¥b I L TRIEMIOB I Z I35 2 AT X
7oL L MIBERGMIIICN 3 5 L — —Hgh
5 R O L0880, BRI T 055 & i S
®5 LT TICHEYD L7209 ZhITZ T
FAEMBE OBEIMIIHIVER b &b S o THIRE LM
SN/ ELL T
- MRRRAEICM T B BTRIA

Liubig, BEMREKEEFVIINL, Yo7y
N & WEME D AIREAS 2 LA G b TRAL L 7212 11
SHIEEG 252 LT, MK - ITEIREREN 7 AR
WA LN, T2, BRI LRI L 72 &3t
L7z AL TOERTIE, WA ES 257500
Ty 27 AT 2R 7% <, Btk o fiE
BERANMEHAGDESLZETY 2T YHlBOM
fast iz fiml s h, BERNFI¥MMNT 2L 3INTE
D EARNTHREOMESIELNZEEZ SN
5.

- iRERE IS T A RERBEE

Pan 513 e b Kk Bk O R 3R L 2 A L /-
AL R IR TOVICE RE IR R A AT, MK
1, FERER AR ARSI, ~2 a7 7—V%
FETLTENA Y, FA MAA WD L L
L, #IEMIASEA L7z 2 & TRMHING O A 75555
UM EAENMEE L2 e E8R 7.

- MRRAE I T B EEEE

Goulart 5P I B FMERIBETFT VDT AT 2
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Table 2 Experimental settings and outcomes of studies Database: PubMed, 11th August 2018 (hits: 1363 studies)

Study Animals Lesion Cells Therapy Therapeutic regimen Observation Histological outcomes Functional outcomes
Chang, 2004” Rat 10 mm SCs ultrasound frequency: 1 MHz 6 weeks increased axon number(c,d) N/A
N=8 defect 24h after surgery intensity: 0.2 W/cm2 increased axon area(c,d)

pulse duration: 2 ms

duty cycle: 20%

5 min/day X 12 times

Chang, 2005 Rat 15 mm SCs ultrasound frequency: 1 MHz 8 weeks increased axon number(a,b,c) N/A
N=8 defect 24 h after surgery intensity: 0.3 W/cm2 increased axon area(a,b,c)

pulse duration: 2 ms

duty cycle: 20%

5 min/day X 12 times

Lv, 2015% Rat 10 mm iPSCs ultrasound frequency: 1 MHz 13 weeks increased axon number(a,b,c) improved SFI- SSI(a,b,c)
N=4 defect 24 h after surgery Intensity: 0.3 W/cm2(SATP) improved nerve conduction velocities(a,b,c)
pulse duration: 2 ms

duty cycle: 20%

5 min/day, 2 weeks

Pang, 2013'¥Y  Rat 10 mm BMSCs ultrashort wave frequency: 40.68MHz 12 weeks increased myelinated axon number(a,b,c) improved SFl(a,b,c)
N=10 defect 24 h after surgery maximum export power: 40 W increased myelin sheath thickness(a,b,c) decreased latent period(a,b,c)

7 min/day, 12 weeks increased axon diameter(a,b,c) increased conduction velocity(a,b,c)
increased co-expression of S100 and GFAP(a,b,c) increased wave amplitude(a,b,c)
increased co—expression of S100 and VEGF(a,b,c)
increased weight ratio of tibialis anterior(a,b,c)

Yang, 2016' Rat Crush MSCs laser energy density: 9 J/cm2 3 weeks decreased nuclei(a) improved SFl(a,b,c)
N=12 injury 12 h after surgery irradiation time: 60 s/spot decreased vacuole increased VA(a,b,c)
4 spot (0.2cm2 X 4) increased S-100 expression increased AA(a,b,c)
7 consecutive days increased CM AP amplitude(a,b,c)
decreased CM AP latency(a)
Liu, 2017'" Rat 15mm SCs magnetic field frequency: 50 Hz 12 weeks increased number of live SCs(b) improved SFl(a,b,c)
N=6 defect after surgery intensity: 2mT increased axon number(a,b,c) improved sensory nociceptive function(a,b,c)

2 h/day, 12 weeks increased myelinated axon number(a,b,c)
increased diameter of myelinated axons(a,b,c)
increased microvessel density(a,b,c)
increased weight ratio of gastrocnemius(a,b,c)
increased muscle fiver diameter(a,b,c)

Pan, 2009'® Rat Crush MSCs hyperbaric oxygen 100% oxygen 4 weeks increased neurofilament expression(a,b,c) improved SFl(a,b,c)
N=30 injury 12 h after surgery 2 ATA decreased vacuole(a,b,c) increased AA(a,b,c)

60 min/day, 7 days increased vascular density(a,b,c) increased CMAP amplitude (a,b,c)
inceased S100 expression(a,b,c) decreased CMAP latency(a,b,c)
increased apoptotic positive cells(b)
decreased macrophage(a,b)
decreased MCP-1 and RANTES expression(a,b)
decreased TNF-a, IL-1 8 and IFN-7 (a,b)

Goulart, 20142 Mouse 3mm  SCs treadmill 10 m/min 8 weeks increased myelinated axon number and area(a)  improved SFI (a,b)
N=8 defect 3 d after surgery  two 30 min exercise period increased blood vessels(a) improved GMT(a)
3 days/week, 8 weeks increased neuromuscular junctions(a,b,c)
increased trophic factor(a)
Wang, 20102" Rat 2mm MSCs swimming 30 min/day, 7days 4 weeks no significant difference improved SFI (a,b)
N=8 defect 14 h after surgery increased VA (a,b)
increased AA (a,b)
increased CM AP anplitude (a,b)
decreased CM AP latency (a)
Yang, 201522 Rat Crush MSCs swimming 10 min/day, 7days 5weeks decreased immune cells (a,b) improved SFI (a,b,c)
N=10 injury 3 d after surgery decreased vacuole (a,b) increased AA (a,b,c)

increased VA (a,b,c)
increased CM AP amplitude (a,b,c)
decreased CM AP latency (a,b,c)

improved nerve conduction velocities(a,b,c)

SCs: Schwann cells, iPSCs: induced pluripotent stem cells, BM SCs: bone marrow stromal cells, M SCs: mesenchymal stem cells, GFAP: glial fibrillary acidic protein, VEGF: vascular endothelial growth factor,
MCP-1: monocyte chemotactic protein-1, RANTES: regulated upon activation normal T cell expressed and secreted, TNF-@: tumor necrosis factor- @, IL-1 3 : interleukin-1 3, IFN- 7 : interferon- v, SFI: sciatic
functional index, SSI: static sciatic index, VA: vertical locomotor activity, AA: ankle angle, CM AP: compound muscle action potential, GM T: global mobility test, N/A: not available

Comparison showing statistically significant differences between cell transplantation and rehabilitation group and non-treated group(a), only cell transplantation group(b), only rehabilitation group(c), or

autograft group(d).
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Figure 1 Structure of peripheral nerve

W, KRG RREE, MLy ROV A BB & Hi
L CHARZANICE B 21T A DN Do 72 2L iR
YLy FIVBFABEIC B W CIE T AR
O A BIE S 72, Wang 52V I3 E AR K IEE
TND Ty MIE T SERICL 7 5 R % 2 AH
L, BHI12FE#% 2 53055 B D KikZ 1 BEATHE 72
A, MR R A EEIASNT, EERRICB VT
b ERE & KIKIC X BRI RITA LN H - 7.
Yang 52 I3 B AR E T VDT v MEHA, S
L - B3R 2 B L, BAE 3 025105
B okik%E 1EMTDEREE MFIC3EER
I o 728, EENEGE, A MIGEN BN OLEEA
ALNTz s Lz, MINaRAl & Kk Had b7
NS 2O0DFEBROHEM & U CEBIE 0 A58
FToN%, Liaobid, LEMEREETIVOT v M
Kikx4Tbt, 1 H30GKKET-728LD D, 105
F 721322050 KKk 2 AT o 72 BE TSR AE DS AR S N7z & it
BLTWAD® | SEEYTRIE O8O DR O R
B L2 OoN 5. R SR TIE, M
FEFEN T ORI & 12 lhZE 2 EHERN 2 FEAED A S
NBESNTBEYY, Y2 mIEDER B\ CED)
2 & 2 R T OWMMAHNLHE RO E &R S 5
CENTEBLLEZLNS.

- BREEBAE & D8

fiRgHE U Y) F— g YO E BRME
Bli%1T - BETOkKELfTbNTwb. Changd”
E 27 UMl & SRS 2 O L7206
FRANFRAERRE X ) AR A AMEE S N7z L Wi L 72,
Lv 52 1ZiPSH i i e p 32 sl i B8 il 2 92 0t L 72 4
RIS U OB IR a2 2206 L 72A%, R At
DHTEIVHAEL TV EHRE L7 Ludb"idya
7 R L BRI DR L, R AR R &
FEEOBFAEG LN WS L. IS OB TiigE
EFLwrl, vau Ml ERBAML-EBRTIIAER
M & W45 Z Bl E O AEAMERE S, iPSHI
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He FH SR R S s e & BB A L 72 9200 T B AR R Rl
FEOMREEARENAONLZVE VI HRE 2o
7o Yoy sHiRBRE, MEREBHRE 2T
AR AL S 72 B BEREHI AE L X 2 R
R LU2EERTIE, a2y il ay s
Mfifa~ b S - HERBMEZ M L 72T LD
IR FAERALN, UNE)TFT—2a YA AZ LRV
SRy 27 VHIRBHO T EA R RESE S &
WARERE o TWAED, T2, BEERIICLS
iPSHING H S 3 istie o > 27 Y Hillg~ o 55k
BRI CTOEBRTHR SN TV S5, FFEORWSG
AL I3 Y) 2 B OB S RIBE L ETH B,
ZD720, BHBICAEARNTEMRZ > 27 VMg~
GALE 57200 X0 @Y 2 RIBERE 522 LT
WS REBHLEEZ NS,

F 72, A EHRMFREH L g L 72134 TRE
DO £ Z1310mm 2> 5 15mm D HPHIZ R 5 LT 7z, Sinis
51320mm D KABE FIVNZ Y 27 Yz BHL L 72356
IR AEDA LIS, 40mD KIFE 7V CTlEHEA
BALNLEP o EMELTWAEDY . 20, &
BRIV KBOKRXGZEFTVIZBWTHKZ T 505
NhHbEEZLND.

6. F&H

WEHRE CIXRATR i %, SEEhHEE R S R R
FRETREHNLHBE G 25V EVIEH DD
DO, EH L HMERER T OHMZA &I X 2RO
FAEMEES N, MluiE ) Y F7—2 3 »IZ&
LA RESER SN LA L, HRMEBHE O
AT L ZORBEIATHTHL. T2, il
DOEICIE, BARICAKNTY 27 YHlla~ LS
HHTENHEE LTEITONS. MRBHIEEZED
KRG ET VISR T LI NEY) 7= 3 Y OHN
AFHFEHEIT L > TRZ DRI OVWTE—E
WA\, ED70, WEHHEIZBWTY, HEE
WCBWTH, BHMBIZE > TX W RERREREY O
7ODOINE) TF—Ya Y EHEEREL TV 72D0
W AN VETHLEEZD.
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Cell therapy and rehabilitation for articular cartilage regeneration

Akihiro Nakahata', Tomoki Aoyama", Akira Ito"

Abstract
Articular cartilage injury affects many people in the world. However, the articular cartilage tissue

is difficult to restore because it has not blood vessels and neurons. Recently, cell therapy has been

shown to affect cartilage regeneration. Autologous chondrocyte implantation (ACI) is one of the

most common therapies and also performed in Japan under the medical insurance coverage. It is

reported that ACI for cartilage defects relieves pain, improves function, and restores the cartilage.

Mesenchymal stem cell (MSC) therapy is also performed worldwide. MSC therapy also relieves

pain, improves function, restores the cartilage like ACI. However, both ACI and MSC therapy are

limited to cartilage restoration and functional recovery. Mechanical stress is an important key

factor that facilitates cartilage regeneration, so rehabilitation involving mechanical stress could

have synergistic effects. However, evidence on the rehabilitation program after cell therapy is still

insufficient. Further verification will be necessary in the future.

Key words: Articular cartilage, Regeneration, Cell therapy, Rehabilitation, Mechanical stress
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% — Deep Zone

The morphology of articular cartilage and chondrocyte

Chondrocytes in the superficial zone are small and flattened, imma-

ture condition like MSCs. There is also proteoglycan-4

(lubricin)

involved in cartilage regeneration. In contrast, chondrocytes in deep
zone are large and spherical, mature condition.
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B (IR MR AY 20 W 2 & A SRR 015151
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ZinEiE LT, WEHREIICEEILE L CEHN
O M 3R #EM A (Mesenchymal Stem Cells; MSCs)
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HEKEEEBIWT 2EA 7 TIAT A EREDRE
M E N, BERE FERRORY v —Fehoie.
LD LENLE—EDOERERTEOD, FY) >
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DERBIGIZ B W THIEE, Mgz w7z A RS
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(Autologous Chondrocyte Implantation; ACI) 1% ¢
J254F & 0 RBRINER S 7z, F 72, MSCsHHid HH
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WKL EREEZWBOTWDEA, &5 7% 5058050
HTHH).

- E{tipara =

%L OHEBIZBVTHIRREZILOE G 29R 3 Tw5
25, OAIZOWT HHIHTIZ AR L ZDBBARIZ S h
TWaY, FE4 F CRIEIKE OMERERF 07201213,
Ve B EREHIIBIC BT b F ORI L EART KT
BHDHLEDEZNRLTH 7275, il Tl g
ORFE AL L9 BB L7z e L3 B e vwE
HEZNMTE TEMBHREL XVTH B2, OA
EFNI T AQEGKE NI D DML ON, #1t
L 72 M % 5k 7 36 5 0 BE B % 512 & 0 SRR I B
¥ 52 & TOABEATZIHI L 722 & 28 S h'”,
LV BHEE LTEHShTws

<MpEEEEOUNEYTF—3 >
REHILZA D= ANV L AD XD iz 2
BT EICEDRA BN ERT. AH=ZANVAMLR
(BT ~ Wk T o R, MR (7
OFA ) A rReas—=rr) A - GR, KE B
fEA LA EICHEEL RIZTEY. £ D) nEY
F—3a AR A =ZANVA L AR5 25

Postoperative Rehabilitation Phases

Stages of Transplant Tissue Maturation

Phase1: 0-2weeks postsurgery

Phase2: 2-3 weeks postsurgery

Phase3: 4-6 weeks postsurgery

Phase5: 3-6 months postsurgery
Phase6: 6-9 months postsurgery

Phase7: 9 months~ postsurgery

Implantation and proliferation (0-6 weeks)

Phase4: 7-12 weeks postsurgery .
} Transition (6-12 weeks)

} Remodeling (12-26 weeks)

} Maturation (26 weeks onward)

Fig. 2. Postoperative Rehabilitation Phases and Stages of Transplant

Tissue Maturation

18



H AR Al TR A R

7c®, BARE TR T HICH o TikEMaz &
NDOI UGB EERT A LIIEFICEETH
5. PAENERE RGO 2 MR R ICE Y 2 ) e
V75— 3 yafr) 2 LT, WREFAE T HENICRE
BELIENTESL. SHNTFICKREFHELHNE L
ZIUNEY T =33 vIiZonTihRs,

-ACIHEDYNEYF—2 3>

ACHED ) NE Y F—3 3 YA A2, BikE o
FEEREDY A7 DHE) D EEICR D)L TH S
A5, B IFERR ML T2 F I8 CILE BRI O PR & ik
BRHEOMER EITH LT, AA=ZHIVA ML RAZE
BERREVBHLEENTVES.

ACIE O R BRI KR E S4B I oD
(Fig. 2)%%, 1B (0-6HR) oM<k
Rtk A3 ik Mie sl L, 45 2 B (6-12
M) OBATHICIZkG ML S & 1285 - kL
553 BB (12-26381) o) €7 ¥ 7Tl ik M
farsfifen it chsrag—rosurt sy h v
ZRERRAIZPEE U ORI AR 2 D, 45 4 BB (6
M H~ 34EM) ORI TR 13 L TikE
M & AN ISR S IE R 2 IREE F TG L T & X
NTWwa, YNEYF—Tar7arss stk
HOWAEBENER SN THREL SN,

ACIA R (W) ClIBMIkG 0L - gD
EEICRAID, BECLZLLVWEIEYI R A=A
WAL AZBRERREFICE 25 2 & 12X ) BAElk
TR G, PO SE 2 B X 2 LEP D 5
FERICEREEY 2 A=A VAN L AE 52562 1%
BH TRV, B0z X 5B
FRE DM E R TV, BRI U2 &
EOPEDUIN e 5. BB T B 2 212 &
% BEIR R B I BRI R R AR BRI A P L X & 5
2, FEMHEZIT) LN TE L OBMBBRY X
DAT) S EDHEIRE NG, 7272, WAREERIZK B 2
AZHNVA LR TIRIRE T E G R E A~
Wb DI Wiz, BRI ~EY) 2 i % 5
Z % 2 &\ & 0 MR AN IR R A R E AR 2 13 B
CLHHEETH D, ACHTIE LA D OFEMIY 72 i H L,
BRI L CGRAM L 2 ) AE 1T %) A7 &4
) TeOMEEICR D D MRV, FER KD A EREY]
RO D L) BERIERCR RS L, R
Btk o - BEOBEEIZLENALNL o722 L8
Wt 2N TWBEXY . Edwards 513 KBRS B IZACI
AT o 7o BB B RITRAE LD HRED20%LL T D
DFRMAITEHGBL, BA%6HETOLEME (Ful

19

#21% 15 (2018)

Weight Bearing; FWB) % HELIZ L7-#E & Bhitk 8 A
TOFWBZ HEIZL7:H L2 To 7248, W
FHIBH S OMRIF RI22&1T R L, RYICFWBL 72
BEOHHPHEM X D QOL (Quality of Life) A I 7 25
FEL72E BTV BS,

BHiHE X2 6 ~128E2H 72 5 BT T3 ER
<7 B A XBREE D BN S T LRI T D B A,
F BRI IE A R ¥ VBT IZI5 W2 72 8 A
Z ML ATORMKE OEEGFEIIZEESLETH
5.

BB X 212~26812H 750 EFY 7T
IHIRE TR EA, BE DR 2o TETWAH?,
EoBbas—4rrerusrt s hyOamRictEd
R R O] - PR & OB &2 e300, EEH)
BREARAICHER L CllME 525 2 Lok oh
5.

Bt X2 6 2 H RO TIZY 7Y ¥ 7
W& MBI 2 \EBRE 2 FIFCnE, AR—VH
e EOT 774 T4 ZIHD TV, 27210, B
BED127 ALUNO AR —V 5IFAS 2 4 0 R R
EELTHIENMESNTED?, MO RHITIE
EMHMET I EDNEZONL0, A BT 254
EF 4 LAVOBEINCIZEESLETHL. 5D
IEAFNII RO K E SRES, Bk LIilL > TR
HBHDT, HAx NEbEETar T ARLEIILRD
7259,

C 2 F TG OBAREZEE L) NE)IZDON
TR T & 7278, BHiE OB MRIGHE & FERERER
AR—VT I F 4T 4 EOMICHEIZ RN 9D
BHEINTEY, L ANChoi L —=v 27
RLADLIIFE, 7ALF v 7 L —= v Z%ELTW
(T LIZEETHD.

- MSCsEIEiIREHENDUNE Y F—> 3>

BUE TIZOAR R R IB 09 5 MSCs B 8 P T 5
ZATo TV B EEDER SN B DS, Fx 58H$ 5 R
D MSCsEHINTENBO I NEY) F—3 3 VIZET 5
FRRHREIZR 5N 5. MSCsIZ@RER X = A IV A b
LA%G5 25052 8120 REMBA~D 5Lk
BEHOEEPMEHEEN L 720, BHGOAEE LT
MSCSIZFEHRBEE R DA ZHNVA ML A%E 2
L IIHERSRZ D ST URESD S, BFREX
BEER L72T v MICMSCsBISNTES % H L 7214,
ML R3OV & S0 L 2 SEERTIERR R o Rk
FHEZRD 2 EPRE STV DY, Y 2% EH)
ORI, R C3EXZANETH LD, —F



H AR Al TR A R

DNESWFFTE 5.

F 72MSCsIZ 3 % B E MG Oz F13% ks
NTBY, HKEFHEAND SR RLMSCs D 75 0h]
EAHE SR T0ETY, FREREEFT VI Y 2
W7 EBR TG TEoBEMEE SN L LT
Wb, BERIEERZIL LN AETH Y, K
THREMAICEBITRETH 5.

MSCsBHEIZ & 2 Bk O BRBIE I AW TH
L7280, WHERINEYF—YaryTarsnzEsg
T5ZERNEETH L. SHOMIEHEE IR,

4. %558

Bk R ok 3 A MR B L LT, ACIE
MSCsBIFiNEST 23R  ERE S N T W5, FRICACHX
INFTELOMEN RSN, HARIZBWTH20134E
P ORRBE T THIfTINTWAS., ZL T, ZnHHM
FaRBHHZIZIZ)NEY) F— 3 M Thbh, REE
DIKEABH SN TWE. L L, Bligkoy vy
T—Ya YIRBGEEH T D IThRTBEH T, wo,
EDOEABRINE)F—Ya rEBTIENRETH
LIS D TR WEDSS ., S, IEHEE I3
% PR RIS IR O 72 O AT R H AT O ) oo A 72
59, UNEYF—Tary7a ba— VORI L
WINEY)T—2a VRBPLETHDLLERSD.

X ®R

1) Yoshimura N, Muraki S, Oka H, Mabuchi A, En-
Yo Y, Yoshida M, Saika A, Yoshida H, Suzuki T,
Yamamoto S, Ishibashi H, Kawaguchi H, Nakamura
K, Akune T: Prevalence of knee osteoarthritis,
lumbar spondylosis, and osteoporosis in Japanese
men and women: The research on osteoarthritis/
osteoporosis against disability study. ] Bone Miner
Metab 27: 620-628, 2009

Nixon AJ, Sparks HD, Begum L, McDonough S,
Scimeca MS, Moran N, Matthews GL: Matrix-
Induced autologous chondrocyte implantation

2)

(MACI) using a cell-seeded collagen membrane
improves cartilage healing in the equine model. ]
Bone Jt Surg - Am Vol 99: 1987-1998, 2017
3) Bartlett W: Autologous chondrocyte implantation
versus matrix-induced autologous chondrocyte
implantation for osteochondral defects of the knee:

A PROSPECTIVE, RANDOMISED STUDY. ]

20

#21% 15 (2018)

Bone Jt Surg - Br Vol 87-B: 640-645, 2005
Cvetanovich GL, Riboh JC, Tilton AK, Cole B]:
Autologous Chondrocyte Implantation Improves

4)

Knee-Specific Functional Outcomes and Health-
Related Quality of Life in Adolescent Patients. Am
J Sports Med 45: 70-76, 2017

Niemeyer P, Porichis S, Steinwachs M, Erggelet C,
Kreuz PC, Schmal H, Uhl M, Ghanem N, Stidkamp
NP, Salzmann G: Long-term outcomes after first-

5)

generation autologous chondrocyte implantation
for cartilage defects of the knee. Am J Sports Med
42: 150-157, 2014

Erdle B, Herrmann S, Porichis S, Uhl M, Ghanem N,
Schmal H, Suedkamp N, Niemeyer P, Salzmann GM:
Sporting Activity Is Reduced 11 Years after First-

6)

Generation Autologous Chondrocyte Implantation
in the Knee Joint. Am J Sports Med 45: 2762-2773,
2017

Niethammer TR, Miiller PE, Safi E, Ficklscherer
A, RoBbach BP, Jansson V, Pietschmann MF:
Early resumption of physical activities leads to

7)

inferior clinical outcomes after matrix- based
in the
knee. Knee Surgery, Sport Traumatol Arthrosc
22: 1345-1352, 2014

Minas T, Gomoll AH, Solhpour S, Rosenberger
R, Probst C, Bryant T: Autologous chondrocyte

autologous chondrocyte implantation

8)

implantation for joint preservation in patients with
early osteoarthritis. In: Clinical Orthopaedics and
Related Research 468: 147-157, 2010

Nawaz SZ, Bentley G, Briggs TWR, Carrington
RW]J, Skinner JA, Gallagher KR, Dhinsa BS:
Autologous chondrocyte implantation in the knee:

9)

Mid-term to long-term results. ] Bone Jt Surg - Am
Vol 96: 824-830, 2014

Filardo G, Vannini F, Marcacci M, Andriolo L,
Ferruzzi A, Giannini S, Kon E: Matrix-assisted

10)

autologous chondrocyte transplantation for cartilage
regeneration in osteoarthritic knees: Results and
failures at midterm follow-up. Am J Sports Med
41: 95-100, 2013

McGonagle D, Baboolal TG, Jones E: Native joint-
resident mesenchymal stem cells for cartilage

11)

repair in osteoarthritis. Nat Rev Rheumatol 13:
719-730, 2017
12) Lamo-Espinosa JM, Mora G, Blanco JF, Granero-



13)

14)

15)

16)

17)

18)

19)

20)

H AR Al TR A R

Molté F, Nuiiez-Cordoba JM, Sanchez-Echenique
C, Bondia JM, Aquerreta JD, Andreu EJ, Ornilla
E, Villaron EM, Valenti-Azcarate A, Sanchez-
Guijo F, Canizo MC, Valenti-Nin JR, Prosper F:
Intra-articular injection of two different doses of
autologous bone marrow mesenchymal stem cells
versus hyaluronic acid in the treatment of knee
osteoarthritis: Multicenter randomized controlled
clinical trial (phase I/II). J Transl Med 14: 1-5, 2016
Jo C, Lee Y, SHIN W: Intra-Articular Injection
of Mesenchymal Stem Cells for the Treatment
of Osteoarthritis of the Knee: A Proof-of-Concept
Clinical Trial. Stem Cells 32: 1254-1266, 2014
Jayaram P, Ikepeama U, Rothenberg JB, Malanga
GA: Bone Marrow Derived and Adipose Derived
Mesenchymal Stem Cell Therapy in Primary Knee
Osteoarthritis: A Narrative Review. PM R, 2018
Xing D, Kwong J, Yang Z, Hou Y, Zhang W, Ma B,
Lin J: Intra-articular injection of mesenchymal stem
cells in treating knee osteoarthritis: a systematic
review of animal studies. Osteoarthr Cartil 26: 445-
461, 2018

Martin JA, Brown TD, Heiner AD, Buckwalter
JA: Chondrocyte senescence, joint loading and
osteoarthritis. Clin Orthop Relat Res: 96-103, 2004
Jeon OH, Kim C, Laberge RM, Demaria M, Rathod
S, Vasserot AP, Chung JW, Kim DH, Poon Y, David
N, Baker DJ, Van Deursen JM, Campisi J, Elisseeff
JH: Local clearance of senescent cells attenuates
the development of post-traumatic osteoarthritis
and creates a pro-regenerative environment. Nat
Med 23: 775-781, 2017

Hamamura K, Zhang P, Zhao L, Shim JW, Chen A,
Dodge TR, Wan Q, Shih H, Na S, Lin CC, Sun H Bin,
Yokota H: Knee loading reduces MMP13 activity
in the mouse cartilage. BMC Musculoskelet Disord
14: 312, 2013

Tijima H, Ito A, Nagai M, Tajino J, Yamaguchi S,
Kiyan W, Nakahata A, Zhang J, Wang T, Aoyama
T, Nishitani K, Kuroki H: Physiological exercise
loading suppresses post-traumatic osteoarthritis
progression via an increase in bone morphogenetic
proteins expression in an experimental rat knee
model. Osteoarthr Cartil 25: 964-975, 2017
Rojas-Ortega M, Cruz R, Vega-Lopez MA,
Cabrera-Gonzalez M, Hernandez-Hernandez JM,

21

#21% 15 (2018)

21)

22)

23)

24)

25)

26)

27)

28)

Lavalle-Montalvo C, Kouri JB: Exercise modulates
the expression of IL-14 and IL-10 in the articular
cartilage of normal and osteoarthritis-induced rats.
Pathol Res Pract 211: 435-443, 2015

Cifuentes D], Rocha LG, Silva LA, Brito AC, Rueff-
Barroso CR, Porto LC, Pinho RA: Decrease in
oxidative stress and histological changes induced
by physical exercise calibrated in rats with
osteoarthritis induced by monosodium iodoacetate.
Osteoarthr Cartil 18: 1088-1095, 2010

Reinold MM, Wilk KE, Macrina LC, Dugas ]R,
Cain EL: Current Concepts in the Rehabilitation
Following Articular Cartilage Repair Procedures
in the Knee. ] Orthop Sport Phys Ther 36: 774-794,
2006

Edwards PK, Ackland T, Ebert JR: Clinical
Rehabilitation Guidelines for Matrix-Induced
Autologous Chondrocyte Implantation on the
Tibiofemoral Joint. J Orthop Sport Phys Ther 44:
102-119, 2014

Ebert JR, Robertson WB, Lloyd DG, Zheng MH,
Wood DJ, Ackland T: Traditional vs accelerated
approaches to post-operative rehabilitation
following matrix-induced autologous chondrocyte
implantation (MACI): comparison of clinical,
biomechanical and radiographic outcomes.
Osteoarthr Cartil 16: 1131-1140, 2008

Edwards PK, Ackland TR, Ebert JR: Accelerated
weightbearing rehabilitation after matrix-induced
autologous chondrocyte implantation in the
tibiofemoral joint: Early clinical and radiological
outcomes. Am ] Sports Med 41:2314-2324, 2013
Wondrasch B, Risberg MA, Zak L, Marlovits S,
Aldrian S: Effect of accelerated weightbearing
after matrix-associated autologous chondrocyte
implantation on the femoral condyle: A prospective,
randomized controlled study presenting MRI-based
and clinical outcomes after 5 years. Am J Sports
Med 43: 146-153, 2015

Kraeutler M]J, Belk JW, Carver TJ, McCarty EC:
Is Delayed Weightbearing After Matrix-Associated
Autologous Chondrocyte Implantation in the Knee
Associated With Better Outcomes? A Systematic
Review of Randomized Controlled Trials. Orthop J
Sports Med 6: 1-10, 2018

Salzmann GM, Erdle B, Porichis S, Uhl M, Ghanem



29)

30)

31)

32)

33)

34)

H AR Al TR A R

N, Schmal H, Kubosch D, Stidkamp NP, Niemeyer
P: Long-term T2 and qualitative MRI morphology
after first-generation knee autologous chondrocyte
implantation: Cartilage ultrastructure is not
correlated to clinical or qualitative MRI outcome.
Am ] Sports Med 42: 1832-1840, 2014

Park S-H, Sim WY, Park SW, Yang SS, Choi BH,
Park SR, Park K, Min B-H: An Electromagnetic
Compressive Force by Cell Exciter Stimulates
Chondrogenic Differentiation of Bone
Marrow?Derived Mesenchymal Stem Cells. Tissue
Eng 12: 3107-3117, 2006

Yamaguchi S, Aoyama T, Ito A, Nagai M, Iijima H,
Tajino J, Zhang X, Kiyan W, Kuroki H: The effect
of exercise on the early stages of mesenchymal
stromal cell-induced cartilage repair in a rat
osteochondral defect model. PLoS One 11: e0151580,
2016

Ebisawa K, Hata K, Okada K, Kimata K, Ueda M, Torii
S, Watanabe H: Ultrasound Enhances Transforming
Growth Factor pf-Mediated Chondrocyte
Differentiation of Human Mesenchymal Stem Cells.
Tissue Eng 10: 921-929, 2004

Choi JW, Choi BH, Park SH, Pai KS, Li TZ,
Min BH, Park SR: Mechanical stimulation by
ultrasound enhances chondrogenic differentiation
of mesenchymal stem cells in a fibrin-hyaluronic
acid hydrogel. Artif Organs 37: 648-655, 2013

Lee HJ, Choi BH, Min B-H, Park SR: Low-Intensity
Ultrasound Inhibits Apoptosis and Enhances
Viability of Human Mesenchymal Stem Cells
in Three-Dimensional Alginate Culture During
Chondrogenic Differentiation. Tissue Eng 13:
1049-1057, 2007

Yamaguchi S, Aoyama T, Ito A, Nagai M, Iijima H,
Tajino J, Zhang X, Wataru K, Kuroki H: Effect of Low-
Intensity Pulsed Ultrasound after Mesenchymal
Stromal Cell Injection to Treat Osteochondral
Defects: An In Vivo Study. Ultrasound Med Biol
42: 2903-2913, 2016

22

#21% 15 (2018)



HAEREH AR RS A28 177 (2018)

HOMSE  BEEEELUNEUTF—2 3]
R BB T 2B E YN Y F—2 3 v

T gV, U HwY, wiE 0 EY

Cell transplantation and rehabilitation for central
nervous system diseases

Takafumi Shimogawa", Sadaharu Torikoshi", Jun Takahashi”

Abstract
Damage to the central nervous system leads to motor dysfunction and a loss of coordination, often
resulting in long-lasting nursing care. Current therapeutic options include surgery, drug adminis-
tration and rehabilitation as a physical therapy for central nervous system diseases, but their
effects are limited, and an alternative option, such as a cell-based therapy, is desired. Previous
studies suggest that cell transplantation can improve the motor dysfunction that follows central
nervous system diseases such as stroke, traumatic brain injury and Parkinson’s disease. The cell
survival and neuronal formation, however, are not sufficient for substantial behavioral recovery,
suggesting that an additional treatment is needed. It has been shown that rehabilitation for brain
damage reduces the impairment of motor function and promotes compensatory functional recov-
ery. The therapeutic effect of a combined therapy of cell transplantation and rehabilitation is an
expected novel therapeutic strategy for central nervous system diseases because rehabilitation
has positive effects on graftted cells. Here, we review studies about cell transplantation, rehabilita-

tion and their combination in animal models of stroke, traumatic brain injury and Parkinson’s

disease.

Key words: Cell transplantation, Rehabilitation, Stroke, Traumatic brain injury, Parkinson’s

disease
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RASB Z bz, 19994 121E N — 3= FRFIT TR
W7 5 HkAiE s A T DA, VR 28 R
B ORERN RIS T DNz WO RER
TOHFR RIS TR Ano72"7. Dk b LB
FER MR AR DA, BAETIE, ORAGRAENO
Se WA & H IS L 7= AR I B 352 R Ml fa R Al
@GR OB O ME "2 HiY & L 72R#HIR
) O B AL BRI AR, BRI o e S 2 R
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F RO B Lz, REIRIG e B3R 5%
Fafe ™, e b 2R o B R A, e
MR o i) B TR R, e b epsfe s Ve e i
MR o M RFII R, SoRRBRB L OHRER
fibNTBY, FEREEIMEINTVE. KII
BWTY, WS Z TOMEMERIEE 20 2 5
IR ORERD FE SN Tn 5.

BB 2 o0h 9 A MR IR, BRI
HTEH & AR MAS BRGS0 S B ® . &
512, BHHINE LT, BRI RO AL, Ak
W R AL AE, KNz B AR R B R IS S h
225 [ 3 2 g e R AR R oD b RS T A AR Ak
BB AR IR R R, SRR 2 EIRICE
WTW A, IR L E, BAIILATS 72 5 iR
T (BDNF, NGF, IGF-1, 2V 7 Hli sk fh#ese
#2[H1 : GDNF, 1% MR Ml & 1 VEGFE)

X BRRETHY, HSETEEEMET S
7 AR, MR, SO BUS BURE %

AL, AR I o RN R L O M A 7 &
JEBMBREE O M Z LT, —J5 T, KB s
He, oo Bt R R R A T R 12, S SRFEE TN 2 T,
BRI E EICAEE L, S5V F 7 AR AR
B OFELZE L THEOHRRICKAE SIS Z L
IR LB CTH 2P T Kz B AR o
ST REG RIS K 0, b M 70 I i o> A 5
2479 2 & T, EEREREGES O NS LHE I N T
W5, 20134 (ZShinoyama b 1%, ~ 7 R WM A
(embryonic stem cells : ESHIN) Hi k- o> K iv Bz 2 A
FEHIG A 57 A4 I8 = w7 AR IILE 70V 00 K Joh B2 B LS A Al
L, WAL~V CTRA T BRI MR S 1,
Fhife 3 I EBIERE D Y E L2 2 L 2 L%,
20134E 2 Tornero 5 1, ¥ M A TR (in-
duced pluripotent stem cells : iPSHIN) Hi 3k o K
Bz B ARG & BBk T v A ZEE 7L O KB LS
BHIL, MREMARL OV F TRALR HH R AR F (i 23
Boh, Bk 8 MIHEEIFERESSGE L2 & 28k
L7722, Zho#EicBl s EgkowEd, wE
BRI OFMBEITROMNTH A 2 s, B
LBRELD LRENEDVRKELMEHL T L DL
25N TWwaY. 20174 CPéron b &, 7 AJEKE
K Rz B AR 2 BBk~ v AR £ 7OV O K%
BACBALL, FAEBEL ~OV F CRALFT H S ARsH i
MR O N, BAEZI12EIEBEEI NG L2 &
G LY. S, KR R o> b R T A
NG & D Jeb 7z B B B O TG 58 % F i
LAV E T ) T & THEBIRRESGE 2 137200 ToO ¥k
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HTH Y, BRI X 2 0k g o g E B
BB ICH ST A EEZRBLTWAS.

3. KBEICHTIUNEYT— 3 HEMEREE
AR

MBBHIEEE, UV ANEY T—3 a VIREOK 4Dk
R ZE S HICEO LR E LT, BREIIHT 5
MR E D NEY) F— 3 Yot HEESGE SR
TWh., LaLads, ZOHEIZIEFEICARL, M
SRR E Ve ) 7= a3 YO ELEE LT
44, BEIRGHREAE VY T—2 3 Y OB
WL LTI 3G SN TwB (Table). #1©
TOPFHBEEOMEIX, 20074 1CHicksH I & 5D
T, WERT v MEBZEE TOVIER 1 BB~ T X
Rl 2 A S R ISR L, 1B D
Enriched environmentf% 2, ff FH 58 HE CHE AL I8
B RE AT L 2P, BRI LT, U
Y 7 — g Y& ARSI E, BT
DA, PR RSB A DR 2 E 5 L T
5. ZOMOHEICTBVTDH, PEABEHICBVTE
P EBE R IIE L TR Y, EEFRmEmERTE & L
T, NIRRT A O fEHE, BAIMITE O 5 1bigE,

Table 1.
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MAEFH AN, MERENFREBOMRE 78—
T ZAOWH, T T AWNBEOBALSBET LT
52) 3) 4) 5) 6) 7) 8)' IR E YN Y 5F—3 3 ?/0)1#
FIGRHIE B RE S IS A R T H 2 e RIZ S
TWEA, SHOBEE LT, HENIEY) 2 BAH
fa IR Chbdisifie, RI3ERuEste, R B oAb
M), R EORR (R, il e
MNa A, RN, BHRICHE D GIEINH 0B E,
INEY T2 a Yo®R (5 A, 74307,
W) oBEzIT, X ORRNGEENERET L
Bhdb.

4. BBBICHIIMEBEEYNEV T30
SHDER

MR ISR LT, MilaBRiE Ve F—2a v o
BE B LB B AR A A T B 2 W Bk S I AE &
Na. AHEIRENTWLBAMIE, B EE3
RTIEIBEA TH DA, TOHT S KIMNEE AL
BRI R R A 1L, HIRS RIS X % SR8
ZC, BRI X 2 f M o TS 2 0 U CEE)
B2 OND 2 E00, K2 3KEEICT S
MR & LC, KM ZARSHI L o I R i e 72

Combined cell transplantation and rehabilitation for brain damage

Model Cell Feriod from Rehabilitation Motor
Author Publication, year . Grafted cell transplantation Rehabilitation onset to cell : ) Recovery mechanism
Animal . period function
method transplantation
Mouse Cellular differentiation,
. Neurocience, Infarction, Local cell Enriched Cellular migration,
Hicks et al. Neural stem . . 1 week 1 week |Recovery
2007 Adult rat cell transplantation | environment Endogenous
neurogenesis
. Traumatic Human
Lee et al. Childs Nerv Syst., brain injury, | Neural stem Local “’u ‘Wheel running| 1 week 8 week  [Recovery Endogenou's
2013 transplantation neurogenesis
Adult rat cell
Cell transplantation.,| Infarction, Human Local cell Enriched
Seo et al. P v * [ Mesenchymal . . 5 week 8 week  [Recovery|Cellular differentiation
2013 Adult mouse transplantation | environment
stem cell
Int J Mol Sci Infarction Human Local cell Enriched
Cho et al. 2016 Adult mouse Mesenchymal transplantation | environment 5 week 8 week  [Recovery Angiogenesis
stem cell
. Traumatic Mouse . . L
Neurosci lett., L. Transvenous cell| Treadmill Cellular differentiation,
Imura et al. brain injury, | Neural stem . .. 1 week 7 week  [Recovery .
2013 transplantation training Neurotrophic factor
Adult mouse cell
BMC Neurosci Infarction. Rat Transvenous cell|l Treadmill
Zhang et al. 2015 Adult rat Mesenchymal ransplantation training lday 2 week  |Recovery Anti apoptosis
stem cell
Physical Therapy Infarction Rat Transvenous celll Treadmill
Sasaki et al. 2016 Adult rat MZiZIrE:};Zﬁ‘lal transplantation training 6 hours 8 week  [Recovery| Synaptic plasticity
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HD D % HH % S SITHEH T 5 10D B 7z 20 G
ELTHIfFCE 5.

IN—FUVURKRICHTDUI\EYFT— 3 VAR
BAEaE

1. =%V ROREEES, ELHER,
%, —RAiaE
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PRI T A =3 Y= a—ua 9%
LTS L, ZOMZE R EN5 0T BERICB W
TR=RIUPHBTHLI LI THIERI SN
23 TN =K, WS RELE, v
F U b B e SR OB B E SR EICR T
L, TOHRTIN=F 2 VIFIET VI NA <7 —IKIC
DOWT2HFHICZWKRETH Y, RBEFIZ4-19A
/100000 A - 4, 9% % 13100-300 A /100000 A\ & %
ENTBYP, BRI PE V20304 12 13 R B A 3
T2 TFRENRTVEY,

VAR SVINE R 2 AN LD Y R BN I
FTHESL L TWn/zd, BRIRZHNIE O RERISHED
W ThbITwb. 20154F 1258 S -7z sk
# International Parkinson and Movement Disorder
Societ (MDS) Tid, FI»N—F 2V =XALLTi#
BRIBESAONDL T ENUHTHY, T L T
IERHRER 2Rl o &6 S —T T 7213 W AR b
HLDEEHRENTVEY,

IN=F 2V VRIS B GHIIL-DOPAZ HL & L
T3 R b — I TH 545, deep brain stimu-
lation (DBS) R#EBILEL L E LY NEY T —
arbERMnEHEEL LTEEI TS,
Bk4 525, 19804 -2 SRR 2 L
AN RRER O BRI ER IR TB Y, —EDR)
RPBDOOLNTWE, Larl, IhHOBFEIETVTR
HX—F VY UIHREBBISGES DO TIE R L, ERO
B, QOLOLHEZHIBT O OTHY, INLHIHHE
DMAGDORIZE o THREZFHSIESL Z L PHET
H5.

2 E

2. N=F2VLRICHT IEHREICONT, B

KBREEKBARDOER DS
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IN—=F 2 VIR A BRI O MR ERE L7z
B EERL NV OIS 2700 Hushb
N=F YV VRETVEE L TL, #&EETH L
1 -methyl- 4 -phenyl-1 2 3 ,6 -tetrahydropyridine
(MPTP) % MHEN#ESG L TR Iz AL
6 -hydroxydopamine (6-OHDA) % W& 5 L T
R ENT2T v M= TH B, h Sz
BENRF=1NIV bT Y AKR=%— (DAT) %4rL
THIBRANIZIY AEFNI bay FYEESFESRF
=RV a—uYPRRT S, TOKE, MEAKT
TWIND F—=33 YA LIEREZ 23 5. 1T8)EF
filfi & U -CUE S5 S 1] i 188 5y <o S o B PR B Sl %
T HE % corridor testZz EDTbhTWAY, ZhbHE
TIVEIWIATb S EEREE LTiE, PLy FIV
ML o= v 7dERe, B R A Rl a2l
H & & % constraint-induced movement therapy, &
BICHAAL IV IRER DTSN DY,

INFTOHEZE T L O/Petzinger5D L ¥ 2 —
WEUE, EERRESETVEIWICRITTREL LT
neuroprotection & neuro-restoration & \» 9 2 > O{EH
25",

Neuroprotectiontd F I EBIFEFEIC L D FE I N5,
BDNF®GDNF 7 & ®neurotrophic factors?s{EM L,
MREETHEREINLIMM Y A=V E2BFRL =233
—a—uroEER <, MREEREEZE 26N T
W3, 50, EEEEISH IR 2 I AT
PRCZE DM F L %2 DATH KT S & 2 EH 2 S
ENTHBY, neuroprotection® fE H A E & L T
neurotrophic factor® b5 PIAIZ, HEEHEELIZ L 5
DATCTIC & o THIKBN~N O MREEIL Y sA A H KA
WA LMY A — TSN T B REMEDH 5 &
ENTVD, W&, EEFRIEIC L 2 MlafkE
YERIDMB) < 72121, #hfEmdx 5%, ML
BHZ, R HE R A 2 B LRGP L ETH 5.
I E COHEDL  \THIEH G- #4245 B LLN 05
LGS LETH ), ZoOWmE, THEED F—
NIV Za—aroOih, MERCBTL -3
=2 — 0 YEREROEN, EROWEIEONS L
INTW5,

Neuroprotection!Z % L T, neuro-restoration!d i
BREDS, X—F 2V VIROMERER 5] S8 3R
BRELEIETAEHEEZONS. BT IVEIH
9 5 B E DG | 2k Z 9 neuro-chemical 2 22 LI 1
UTFDL) RdonFEFonsd. MEEKIIBITS F—
28X VN, DATIRT, €o#iR, ¥+ 7 AR
BCTORF— I VBED FANHOND. F72, fifk
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BG4, WE TIEMEAERICE T 5Medium spiny
neuronl!Z T 5 F—3I D2 ZHEMKIZKET T
A, EEPEEICXL ) TORTWH SIS, Zofb
BRI X DRERICBI 2 7V I VBZERD
FHEMR, vy I VBIESTEMERERICB TS 7
DR 10)T: Rl G TN (v N THCY (W Rk - S Y
TV, N—=F 2V VIEONRRE T3 A B AR H] 12
B A BRI AMEAC 2 ) S ELEDIRE L 725 T,
BERE R EOERERET L2 LIk 5. EEPREIC
X %neuro-chemical 2 Z k1% Z o F AL % ] 1% F 5
ZRIESEDLIHIICHSEILTHY, ZOEHD
neuro-restoration& 2 LN TV 5,

CNETONR—F 2V UHREFVE 2 L 75E
By O M 0 5, i B 9 1 ldneuroprotection X
neuro-restoration& W o 72EH ZFFE L, F—/s%3
Za—urERH#EL, HEEMRENIERRE 2 2IET 5
CEDVUEREF A AMD LN,

—77, FEERIZBFH5—=F 2V VIRICHT % EH)
W, HBOZETF VAL ZOHEMENED S
TBY, BRBESGTHEBWIZH) AL Tw
AW Tomlinson 513390 F ¥ ¥ A LHLERER 205
1827BI DB BwH % xf G & U 7= BB L ORI R I DT
WMEL TS, EEFEZTo2RETIE, IThRWVWEE
I U O T3S <, 2 5RO 6 TR
FEOHITHHENE {, Timed Up & Go7 A b THEH)
NGV ADWE, NTFT VAT A TORE,
Unified Parkinson's Disease Rating scale (UPDRS)
DYFELR EVHE SN TVWLY. T, REOWET
1dBloem 5 25 E B P:1C & 5 EEIRHE & AR EE DL
FERLTWDY, Frazzitta b 13 EEIHEEIC X 5 I
BDNF® b5 & a1 oW THE L Tw 5.
RUIPDEREILANZ A FEE) % 28H 179 7 Vv —7,
I0OAZITbhbWI V=725 L, 1M BDNFiEEE,
UPDRS% #Ffii L 72, #4%, HEBFHEH 27727V
— 7 TH B\ BDNF# £ A5 1A LUPDRS b &3
BFRDIZEMEL TS, ZoREIX, BWERICE
\¥ A neuroprotectionA®HEH 12 b RIS N TV 5 1]
REEZ R L72bDTH Y, EEIREBYIERZEC
HELWETH DY,

CDEHIN=F UV I B EEEDIC I3
KDTETFYADRDY, [N=F 2V VIHSHEATA N
4 2201817 12 b, [HEMped: R Tl e & 4
Bk 479 2 & CEEEROGES O, AT
HbH] EERWMEINTWE, T/ FEEHAELT [ED
WRIIBERANDFRE L5 TUTHWHFETH D, MA
FHiEoERIL, BEFPELLTE S, #Hotkide
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P, BEERNIETFR=a yPhbsbo, RIETE2
BRICH LD E, BEBMADOIRND 5\ 3 i#EE D
A2 ZOLERBEOMBEIRE CHBL TS &L
TWh. 2X=F 2 VIR B ERR T 0@k
ZT BT Y AP SNIZBB T BEDO—2>TH Y, &
FHERTZORNRPLEREICHRE L TRBWICITPNILS
RELDOTH 5.

3. X=X VLRI T B MR REtEAE

IN—=F ) VIRICRT B ARG IZL-DOPA % Hul
ELEYIRETH L. =3I VORIBWETH 5
LDOPAIZ F—3I v za—a Y IZRYATRTF—
NI VBB INZORMREHRIET 5. FRITTHED D]
BV TIIRIRD D ) HEHEIRZ E S & 55, B
R & %o 72356, RhARFEEEIRE ] 00 455 <2 1L rh g BE
ZALIZ X O FEIRDEE)§ 5 wearing-off, ZESRAEIRDITE
b3 Zon-offHl%, ¥V AFAIVT R EDOEFLUE
JEDSSHBT 5. WEIETL F— X3 v =a—m v
WALl 5 &, LDOPAZRY AT F—,83 =2
—OrZFDLONHET LI LI2% Y L-DOPADORH
KT B L2k B (Lewitt, 2008). T &b, 73
—F UV VRIS B EYERIIIR AN H Y, Fh
R EHEO—D L L THIBRIEES R SN TE
72, FMBRHEEIF— I voa—arZ20bn%k
BHLAELZRF=2IV2H9bDTHY, 19804
RS~ AR T v e EEEFE W7o BRESEER)S
BIE S N7z, 198TAEICHID TA Y = —F T/ —=F
Y VRRBE IR L CIRIE G R R T b 2
ZDH, BROF—T I NVORBEHESN, B
LGNTHRIFGZEETH o7, ZOREEZZT, 22
DIV FMMEEHERT T AR RILERES T b
290 Larl, TS 22005 ¥ ALEEGERET
IRREEEER TR T T £ RBE & IR L CH & E B E
RUEBEPEHON G072, THIZOVWTIEMTO L)
GEBNRLENTWET. LDOPAND ST L
TEEAPEEINTEY, 32520 L) ZRERIZ
BRHICHEIZWEEZONE. 72, BRI HIE
A LR 2 R 51213 d B AL DR AS B &
FRIN, BHEZEOZBBIZHIHE A1 4F &8 < KA
NIRRT TH - 72 BEZ O RIEIHIFNIZOWT,
ZOMHAOERE GOWBUIIZFH I N TR dh oz
CEHMETHY, LD IEULEORENHID
PVETHLEEZEZLNTWA. T/, BHMROAES
bEELERTH Y, BHMIBEDD 7 b o 7RI T
IEREEDPE LN TR oz, IO DELEL
F 2T, 0104ECH -2 RICHMBRBHRAEBTH 5
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Regenerative rehabilitation for skeletal muscle

Nana Takenaka-Ninagawa'?, Megumi Goto", Hidetoshi Sakurai

Abstract
Duchenne muscular dystrophy (DMD) is one of the most severe forms of muscle disorders. Muscle
in DMD patients is extremely fragile and can be damaged even during normal daily activity. The
disease is caused by mutations in the DMD gene that result in the loss of dystrophin protein
expression. There is little in the way of treatment for the disease and no cure. Some investigators
have been developing cell therapies for DMD by generating muscle stem cells from human induced
pluripotent stem (iPS) cells and other progenitor/stem cells. Although reports have shown the
effects of cell transplantation therapy in DMD, optimal methods that maximize the efficacy of the
transplantation are still needed. Exercise is expected to enhance the effect of cell therapy for
DMD, acting as a form of “regenerative rehabilitation”. We evaluated the efficacy of transplanting
human myogenic progenitor cells that can express dystrophin into the skeletal muscle of DMD
model mice by histological and functional analysis. We found that optimized muscle contraction
training programs enhance the effect of the cell transplantation therapy. Regenerative rehabilitation

could be a basis for effective cell therapy towards DMD patients.

Key words: Skeletal muscle, Duchenne muscular dystrophy, Cell transplantation, Rehabilitation
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Fig. 1. Mechanism of skeletal muscle regeneration

Normally, satellite cells are in a quiescent state. However, when stimulated by skeletal muscle injury or the like, the
satellite cells are activated, partly differentiated while proliferating, and become progenitor cells called myoblasts. The
myoblasts become multinuclear myotubes by fusing with other myoblasts differentiated through a similar mechanism.
Then these myotubes form new muscle fibers or fuse with existing fibers and skeletal muscle are regenerated.
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cells, FrAEMNE) ML BMIGFEET LS. I
5% 774 MIKIERAOSEHRAGEICOFFEL,
BME1 ARD 72D BE~BH D5 L ShTwb. ik
HMEGHINL 22 X 2 HOHES B CBERE ) 2 /-4
Wi, BRI U A, iR TH
%754 MRS E BB - BEO A XL
b,
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WE, BT T4 ML REICH S, LaL,
BRBGPHEET L LB EZ TS E, Y TF4 b
MIEASTE AL S, B L 22255 20— #2355k L
1% 3418 (myoblast) & IE N 2 BTERMINLIC 22 5. =
DFFMIBIEZ D%, AT 2RTHMELTE L
M DFHEMIE & fE LT, £ O8% (myotube) & 72
5. ZLTINSOBEIRRL, # L s
WA, b LR, T BAEE L TV 5 Fifit o445
IS, WEHMIAASEA T 2 2 & T ST O FENT
bhaV (1),

22 Talr XBFHFTAMOT 4 —IIHT IBE
EE DR EE S

FayxryAWH YA Pa 7 4 — (Duchenne
Mascular Dystrophy : DMD) Z/NEFIEDH ¥ A +
074 —OhTidRd BEHANEL ., DMDEET O
ERIZL-oTHIERRZI SN2 8BEERET, BEO
3500 N12 1 ADHEIETHAET 5. DMD L O i # ik
T, W ZIEHIZHESY A a7 4 ~ (Dystrophin)
NI PRBLTWAE ORI, HEESL
NVOARTIZHIZ BT, WIS & FA
EHRDBELTVDIREICH L. Bk L72X )1, B
BICHERE TS LT T4 Ml L, HEL
T RRHEIC LA 3 5 2 & THiMMEDOBEITThILA.
L#2L, DMDEEHEDWEL, T OHEGEOFEI W
TOWBEINBEVO T, F72, BEINZELTD
ZOMMHED FERICY A b a7 4 Y OFEBED T WIEES
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Fig. 2. Strategy of cell transplantation therapy for DMD

RO5DTH57:0, FFJJWCHEHELTCLEY. 20
7%, DMDEE TIRIFEH 2 &L 28 DN T4
SRR EE, TR T AR, 100 THITARRE, 2010 T
NN EERE 2D, £ IZA0REIZE S 2> TL
9. BN THELLLTROLNTVLDIEAT
04 NICXDPMRIEVEHOATHEH, hdH T
THMHEREICT &, IO, BAL»D)
BIZLX OVDMDEEDHIZIVA MR T4 ¥ VX7 %
WETLIVLENRDHLEEZONTWS., BED, iR
H D%  OWFFEE DIRIE I 22 IR O RE AT,
s M 2 IS L7-ie &2 D TW A5, KR2ICH
RGBT DO > T,

22T, ZOEE - BEYA 7 VHIEITIERICAEL
TWAIREEODMDHIZ, YA a7 4 YREBDIER
T FRE AR BRI (7 A4 MR D L < IEARSER)
ERHMLTEYATE, A MICHESELZ LT,
VANT T4 Dy 37 5EB AV, DMDEZ D
O RRAE LI A e a2 el 3 5 & v ) BRI L2 D
7o B R REIG IR ST 72 e B wE A 1o & LCiEH
ERTws (HM2). AR L7zX ), Bownzmig
MEZISTEL L7259 5 2 & T, #r/z Tk
PEE SN D L) Fi A Foa ik idfk i, M
BEERICE BIEHE R 7 V37 OV HIRNES T
HDHI, BIZTERIZE o TRIET B4 i E
WS BMBEERBELE LTHENZEAI L EZOND.
Z L CHEBIC, MBRBRIERICBT % k4 27828,
INFTRLBTTIEHMESNTE/Z. 22T, K
B CLRERRIEFE AT 3 TLAT b 722 55 3 B il i 0
&, ThhoOFRENNFESN L LR 5%
BN R B R ARG 2D W TR T 5.
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19894E 12DMDIZ X3 % #) & T O Ra B Al 6 # i 58
LT, DMDEFILI Y ZADHANDOIAERI< v 2
DOF T I 4 MIBHARA SN, ZORE, £F
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729, L EOEBEFIE O H % %), DMDIG# O R
KRBT AV HEHF Y TEBBEINLY. Zho ol
PRERERTlX, DMDEE O i o (2 e 5 7 il e 4 it =2
HEDH 75 4 MRSTEICTBM SNz Zokk
B, B SN 2 M B E O MR A L
BRSO A a7 4 V7 VT EPHIREINS
CEDRERREI N 2L, ZOMBBRE IR K
BHTH D70, BRICHT 2IEHSDT >~ b
—VAMLEHTH O, REIHIF AR TV B 2
BODVBHMOERIIKE S EE G2 5 2 E2HERHS
N7z, E5IT, 2OL EOBIFEIC L HIHEEE,
ML 2 EA L7230 ARG L TWiz7z0, BED
R ME IS T TIZRES o7z, BED
TEIHEREZ T IC I S 5720121, RIS E 7%
L OILEHICATEE L O fMiex HiEd 5
A, b L IRIMERGI2 X o> TREOMNIEZ 4512
FNN) —FBRERHDLELZON, TOVTRIZ
LChH, BHNZKEDOY T4 Milluz i TE 2
CTWEELRW. UL, BRERVHEMKD LIRS
N7 74 Mz AFRI TR LI S5 &,
ZOMWEMIZEALL, ¥hEREI R LRE MK T LCTL
9. WE HEEroBRNE N T T4 Mgz,
R L L CoOME 2 MR L 72 F AR CHIR 72
DOWMEDLHED LN TWED, BLHEFIC T hET
THRTHMMIRELCTH Y, BT TIEER, Ak
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IR T 297 54 MHRRIC X 2 BAETERIZRS
BRI IZIEE - T e,

2-3-2. ZEEMEMHER £ AV =B iRE R B iR EAE
RO F GG DRI 7297 7 4 Mg,
RN & U COME & MERE L7 F F A ARYECHi S &
B ENHETH S LV HENS, FIETHEE I
3 A BAAMIEIE S L CEitksmfiiassiifi s itn
5. Zethimiilind, BMiles L ComE MR L7
FEFHOHEAB KT Z LT, I JTERICHMET %
TLENMETHD. Z0720, LHEEBMBOIRET
FTohRFTCEEMPLTCAMYy 2L, LEICGLET
SALEEEZBRG L CYH T 94 MIREERT L L
T, 7Ly v aIREOY T I 4 MLz 55 80
L CHIEEICRAEICHE 9 5 2 EATHETH 5.
ZetkEpiifaohcd, v MEEEML (Embryonic
Stem Cells : ESHIIE) % JH 7B EE1L, RS
A2 HIBL CHAAET TRAICHEED SN TE 7.
Lo L, WFMREA L FARICESHINE 2 v 7- B hE
bERWIIIMBHEOBMETH 5720, LD
arba—VAUHTH AL, 72, ESHMILOB IS
XN AT 208 H 5720, FOMHICII G
P 2 MEA b D, FZTHEHEZHEDTWDL D,
20074E (2 Takahashi, Yamanaka & - CTHfvZ. Sz b
ANTZ et (Induced Pluripotent Stem Cells :
iPSHiifE) TH 5. IPSHINEIZE HOEMIE,» H1ES Z
ENTEL72ORIEEMOOEDZ L, L2HESH
ot HEOHCHBED LML EFE LTV AT
D, MBBHBRANOISHAME STV S,

L7 L, DMDEE X ) e S L 7ziPSHliglE, =i
O DMD#BAETFIZERDHY, YA T T4 7 3
7 % AT DERINVKRIML TWBH 720, BRHEERIZIS
W3 57D EDMDEZ T2 BET 2 LEN D 5.
DMD#EIZFIIERZEEZTFTHY, »2ATLYESE
RIBEIFHEHE L WE SRTWwWiz2s, b b AL Rod;
iz HWT, BEHEOPSHIN D EET 254
BY 52 LiCKazuki S DR L 720, 2 0B 2 Hwv
TEWGEET 2RSS 8 ATtk 530
FTANIEAL, Zoifiiaz L CTDMDET IV~
7 ADEIRIZIEAT 5 &, EENREHEGE L2 b —
RN G 2 Y, BiWEBRTIE T TITHERO S
HENTWDL™ . K 51220124E121%, MIE O £ v
AP D 1 D TH B2 A 2% 4 7 I CRISPRD
Cas9 Z 7247 AT B # s nz. & —
7y ORFNAHN % gDNAZ T A »§ 5721 T
TARBYIM A FETEX D L w) L, Fr 04
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BV THEHWDNAYBHGEEZ RO & v ) Fie 5,
BAEBRLELHOWONTWE T ) AREHETH 5.
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a7 4 28 R EAPMIENRETH S Z LAt &
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72 M RS R R R 28 (B RIS ST TRk & 7
WFErFESLN TV,
ZO—FT, iPSHINLZ H V7= BHIEEICITES
HbH. FTNIEELE W) RIEHOWRENETH . JE
BAb % Bl < 72 0 \ZHUAE TR LB 0 72 Vi gl 7
iPSHIfe 7 o — v #5252 ik, ZeteEs
DLITENREZLNT WS, Lzd o TEEBICHERE
HEEE Lga, BEHROIPSHINEICERFSE
L, €Ok, LETHILFEDEVEY) Z2iPSHil
ra—riEEPL, ZI00E5IERELD) A 71
DWW CENFEER TR - BES T 5 & v ) BB %
SUCLENH LD, LrL, HENLMEELT h
SOBMELETZ ) TTHDICIZEZOE D KD
DIARX NP RICR S &S, BATREZIRE T T
Moz #efif3 2 DB 2 M b BRI (CB4E~—4)
EoTLED. LT, ITNOOMER I
XLHLAY 4 7OwA L - RiIPSHILRAL & v 5 F
BB SN TB Y, FEKFAPSHINLAZERT ©
& TEHEHLAS EHAA N — ko R HiPSH
oA by 7T A% RS /. HLA
A TDESTKRE FF—ICHRT 2HEZ B L /2
BUZIEM USRS B2 SN b 2 & I3l olg il
HETTTIORENTVS., HRATI LD SN LM
FEOEWHLAY £ 72 KETH > TWAS FF—056
iPSHINL 2 L CBIFIE, EA750kTHA A D80%
EAN—TEXLLVHIHEREINTVS, T/, F
WEEZFMELTBL I ENTEL D, REMDOE
WiIPSHIE 7 0 — 2 23 CICRFIRIT S 2 N TE
. TNIETFTRL, =A%) X b RIFIZE
ANz, BRISHZEE L7:5E, FEFICHE
BCTH D NHP I TEX 5. FEBRIC, BN CHRHE
FEBL B 1T HE A TV 2 s BEAS PEIE L2 09 4 A B Al
T, EEHIPSHIEA by 223 snTBy, 72,
AAEFER ORI ZEASFHI S TV B 8—F VY Vi
W2 ARIBRITY, A b v 7 MR AR
ELTHEASINEZ DTS TWES.
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DMD-E 7 )V B % F > 72 % e P e i SR o
BHFZE D58 CTld, 20124F 1R CHEE 2 i 28
e & N7z =7 AES/iPSHIRL C & 4 55 mi B R % 7%
L2k % e MES/IPSHIIR I L, 5N T
Pax 7 # B X85 Z & T, % L { & FES/iPS
R A & 45 4% 75wl BRI R 2345 & 72 2 & % Darabi b
ARG L72Y. SOFBEIC L D155 755 i B
fa % Sa AR ERMDMDETF IV AIZEHT 5 &, b
MERBMEO e b - VA N7 14 Y ORBHEE
WS, BHOFEICBHMMEASS 35 LRSI
7. EHICBM SN L, NI
Pax 7 Btk %754 Ml LTEZLTEBY, B
WS 1ERBL-BIC e - VAT T 1 U
PEDHRMEDFTRD SN2 Eh S, BEMBIY T 5
4 Ml E UCRBIBAKRNICET Y, HomE - &
BIZHFES LB REIRKE I N 72721,
Darabi 5D FiETIE, BETFERIHO-DIZL Y F o4
WARY F—=PHWLENLTWS 2D, BRIGHZHE
L7223, &0 REMEOEVEEFREBTEE W
LB D.

f\yTTedescoH A%, v MPSHINE A © BhR)E B 12
HFAET B A Y U+ 75 A b (mesangioblast) Kk Ol
faz A bifE L, MRBMICL > THOWAIZHEII L
e HE LY, ¢ MPSHIBHE R AT VT T 2
MR, BT COBRBMN R ERTHIEEEIXZ L
W—}T, DMDEF NV A~NBHT 2 L RE~TY
ADOMHEL AL, HEAEICESTL. B
BRSPS L LTSN TV S HRANO RS 72
FT% L, BREGTHEBHNICAEET ST LEAUR
ENTBY, EHOFEHIHT LB H % HE L
78, NIRRT B 2 EAVRIE SN,
ATHY A M7 4 —BHEHKOPSHIEA, S b 5L
FEIEII LTV DA, BE S THEANTOY 754
MR~ HRE ST ewn

Goudenege 5 1%, v MES/iPSHIIEIZ ML~ —
H—THAHMyoDE W) EERF%2T T/ 74 VAN
75— TEZmHEFERIELZ LIZL-T, 40~
60 % F5 E D &)y 2 T /B 44 9 i BRI % G535 C & 7 & iy
L7290 Z offfgeid, iPSHINE sk o 5 45 75 i 5K
fai, Wik CTORRIC X0 WML & FREE Om R
RNEALTWAZ EAVRENA. MAT, HIY AL
07 4 — BEHEHROIPSHINE . 5 O 5 LiFEIZ b )
LTwa., LalL, BENTOYT I A Milg~D5
fbigZoonhThniwv, £/, BETRRECHWET
FIIANWVARY =137 ) MTHART NV EN
ANy NMEH DA, FoEEEEE L, BRSH
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EHE LA
H5b.

Z0O X9 %W, Chal b2%EIE Tl EHE Hnin
OSALFEEEIC L 5T, & MPSHINL A SPax 7 By
Vg MR BRI % 358 2 Z LB LY. L
L&A, ZOHETHSNZAiERAIIEL O EAENTo
HAAERIIMK L, Pax7 2l S ¢5 2 L THS
N-HIERAIL DR A REICIEE 5 L v ) 2 L 2Kim S
CEoTHEESR TS,

X5, FAOMERETY, #BiaTombFEIIEH
W, ALEMERERTEZMZ % 2 & THRAEBRR 2R
L 7B AL EE 2 s L, o LasE1008 DLk
WA RE ) 2 R o e T B s Bl s 2 &
R L7 GRXXRER). o5 %5 K,
DMDET NI 7 ANOBAIZ BV TI00ARLL oo T X
a7 g CERMER AT A E AL TED,
Bk OIPSH ML & ) B WiiEENRTHL LS E
5.

L2 LEDS, WFhofETd, EFILIYTAD
FRRAATIC & 0 W FAE IR S5 L Twab 2 &
PHOLNIZENTVE—HT, HHRHFEA I RE=
7 Z DR TOEEIFEREICOWTIE, TEAEBRS
NTwizvy, DMDEE I T AHRISHEE 2 5 &,
RAHIRHRIC & 2 BB RS X MR B IR T & T—
Thhb. F0O, EFIVEY ML 7ML
T, IEMEZEEEERERT M X B AR L XLV ToRE
I 22 SEAT DS BEARTT R CTH 5.

D X7 & — O OGS HBUET

3. DMDICHS Bl EamE U/\EUF— 3
N ADH R

3-1. exerciselZ & 2 DMDAERNR

N E T, DMDIZK T %exerciseld, A Dw
WAEL, MERELEBLZE ST L TDMDO
BEMATIELEREIE V2o, [HA 2 E
Bl ETDHHPIENTHoTz. FD2D, FIRDOY
NEY)F—=Ta YEHIBEICBWTHDMDEZIZH LT
MR Zrexercise SRR SN 5B 2 & 137 <, PAHETAME
OFZBEBE LA L Yy F UV FENEREINE S
ENIRITH o7z, FORMBIIEWEBETDH L
THBYH, DMDIZATT SexerciseldiHhE & #E4T X & %
EDRTT A T HEBEIH- T, Fhig,
DMDHFZEIZ WV ST & 72 F 7V BN O 45112k K
TH5LDTHAHEEZOLNA. 22O TLYDMDET
VEE L T—HIICERICHVWS N TE omdx~
v 2%, & b ODMDAE & ik L CTRIEAER <,
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FRELRY 2 T LD SEERERE D BRI D= R L HARTK
ERELRV. ZFORD, INHDORT ADJFEERY
BALEE, LX)t FODMDEHEORHRIEICTE DT 57
DOTEELTHWSLRTE D7, O &
WY, MLy FIWEFY Lo 2 EREThOm
Tl 0 Zrexercise TdHh » 72. FNW 2, HJKEODMDHF
BT, JHREZ AL X8 5 720 DexerciseSH 12 LA
R TtonTho7d, #iRke LTDMDET VY
7 AT SexerciselZ B L 72 et I3 IER ISR - 72
bDOTHo7z. LILAHS, 201048ICAB L, H
FEEERe, AR % WY IS L Zzexercise D EAAF IS
X o TDMDODOJRREASLH S NG5 &) KRS, B
PR BRH 25 PRSP O LS OME SN S &)
WZZhoT&7 51, FhoofpFodiziy, ¥~
NI DI NVEZNWALR, RGBT ICEET 5~
077 —J oMt RENTRYA ML O5insE
WAEHL, 5FAEWFER 28850 bexercisell £ 5
DMDBEA I Z AL IZOVTHRRTWEHDHH D,
DMDIZH$ Sexercise®dH ) HFNREIN>0H 5.
LALERS, WEZZOHRERIIV L VD, R
Zrexercisefefh (BfgE - AWM - M ABE %) %
Mid5EEHIT, ZORBEAN AL EWHLNET
5720035 AWMENLETHA.

3-2-1. DMDEFIL7 ™Y X D EHEBesTE

iR L7z k9, $Ticit R oifses ¢, DMD
ETNY T AT MBSO S, 0
EFRFEDGEH S N-o0H 5%, Thon% i, #M
AT A v a7 4 v % 87 OFSBLRIE & iR
LORTHY, FEEIZ, MBI TI A a7
42 F T B ZEH, DMDETFIVI 7 A D
HEAL DR IR T OO H B Z & W L 7-
7eix, chEITKiFEAsdh o/ 72, DMD
15 & WS 2 A O E ORHEIZ Y A b a7 4
YEBEZNEIESIUE, BRI SRS, M
591 & v o 7-DMDYE A OJREZ Wik LS5 O h L w
I, MG CHIEITRXZHEEMEOAHOFE T
Hotz. BEOWIETIE, stillwellSASDMDEF IV
TALWERTT ZADF ATy A HWI2EEIZ X
D, 10~30% DM TI A b7 4 YAFEBLTW»
LR TIZ, DMDORENHZ HNDL I &zt L
2% F7 Nop—RHIY A a7 4 — (BMD)
RXHPIIRELLHIE E Vo2 YA MO 7 4 v R
(Dystrophinopathy) HB#& % xf5 & L 72K T,
BREZBTOIA T T 4 YRIRZRDI%LL EIZH7-5
BOVAMA 74 VEFHLTWALEETIE, HEA
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Fig. 3. Method of measuring muscle contraction force

WHEIE ORATRREER A RES) S RN - C
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HIERA L T 575, DMD#H O i K45 R ) % &L
HBT BHOIE, BRI Y 2 DB OR50% I
VI HLEOVA MO T 4 VEHAPLELZEHEL TV
2% IS OMEEZ, MBI X 2DMD#
e HIgT R L DL V—FTdH, DMDEF L~
7 A TOMERERELY BT XL, YAMa74 Y6
P o H ARl % SRHEROR0% L L e e L, Ml
BAFERRICIY ATV,
ZD7HIZIZFE T, DMDY 7 ADHHE TR, %
PEITE, Wasstk % IEMEIC RN S % kR RENL T B AR
Motz 2T, FTxrDOWMEETIE, KEFTO~ Y
ZDOTFHREAE (BEIER) (SR I B A% Iz <
FRER 2 W S8, Z OB S 7z BT RE )
EXTADRKICHEINT L= OTHRE Y
—ZMALTCIVZEE LTHRINT 2T AT 4%,
DMD-E 7~ 7 2 OF & B a7 ik & L CTHRA
L7 (W3). Ttohbld, TDY AF ATIEFEIZHD
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HRERMIGES > B CTE LI %, HAEAl<wy 2
FHOZ2EBICE VAR LTV, Fxid, Z0FF
s 2AF L 2MHTEIEICLY, BREEBRDONSH
T 5 WENER OIHE % IERECHE S 5 2 L ST hE &
Tolz. E6IT, MRBHIGERE % ODMDET VY
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AR KR EREHVEL LT L bh o7z
RIGH % % Z 72356, BT 2 MBUIEB TR L
RVETROTLEEDY, T2, BB EELT:
EEBGEIEONL Z ENET L. 22T, B
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EHF R U CHERMDG ML —= 2 72 AT
52 L ERMT F—EROL BB TR L 72/
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M H—BofMiax B L7298 TiE, PL—=
Y RAN LB CTHERICBMAE R LSS S
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W B LEhol GCRFER). BHHI O b
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The effect of peripheral nerve electrical stimulation on the
corticospinal excitability

Kei Saito"

Abstract
Increasing excitability of the pathway between the primary motor cortex and the skeletal muscles
might play an important role in promote functional motor recovery after central nervous system
(CNS) damage. Peripheral nerve electrical stimulation (PES) effectively increases the excitability
of this pathway in patients with CNS damage. Furthermore, PES combined with voluntary con-
traction or motor imagery is more effective than each intervention alone. However, the modula-
tory effect of PES on corticospinal excitability varies with the type of voluntary contraction
performed. In healthy people, shortening contraction with PES increases corticospinal excitability,
whereas isometric contraction with PES has no effect on excitability. On the other hand, PES
parameter is a crucial factor for determining the extent of modulation of corticospinal excitability
after PES. The application of train PES is a new method and is more effective than conventional
PES in increasing excitability. In summary, both PES combined with voluntary contraction or
motor imagery and train PES may promote functional motor recovery after CNS damage more
than conventional PES does. However, further verification of the optimal parameter is necessary.

Key words: Electrical stimulation, Voluntary contraction, Motor imagery,
Corticospinal excitability
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- :voluntary movement
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Figure 2. Types of voluntary contraction combined with
peripheral nerve electrical stimulation

a) Shortening contraction: The subjects flexed the meta-
carpophalangeal (MP) joint of the index finger while the
finger received an external torque; b) Isometric contrac-
tion: The subjects maintained the MP joint at 90° while
the index finger received an external torque. From Saito
et alb¥ .
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Figure 3. The combined effect of peripheral nerve elec-
trical stimulation (PES) and voluntary contraction

PES above the sensory threshold [ES (ST)] increases
corticospinal excitability during a shortening contraction.
However, PES has no effect on excitability during an
isometric contraction. These results indicate that the
modulatory effect of PES on corticospinal excitability
differs depending on the type of voluntary contraction
being performed. From Saito et al.63 .
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Figure 4. The method used for combined peripheral
nerve electrical stimulation and motor imagery

The subjects imagined a movement of touching the right
thumb to the little finger while watching a video clip
showing the same hand movement. From Saito et al.® .
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Figure 5. The combined effect of peripheral nerve elec-
trical stimulation (PES) and motor imagery (Ml) on corti-
cospinal excitability

a) Typical motor-evoked potential waveform recorded in
the thenar muscle and abductor digiti minimi muscle; b)
The combination of PES and MI (MI + ES) is most effec-
tive in increasing corticospinal excitability among the
three interventions [combined PES and MI, MI alone
(MI), and PES alone (ES)]. From Saito et al.49 .
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Figure 6. A train (two pulses) of peripheral nerve electrical stimulation (PES)
In this study, train PES with a train of two single pulses at various inter-pulse intervals (2, 3, 4, 5, 6, 7, 10, 15, 20, and
30 ms) was delivered to the right median nerve at the wrist. Methods adopted from Saito et al.¢? .
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Figure 7. A train (two pulses) of peripheral nerve electrical stimulation (PES) modulates corticospinal excitability

A typical motor-evoked potential waveform recorded in the abductor pollicis brevis muscle (APB) after (A) the delivery
of a train of PES (ppES), and (B) conventional PES. A ppES with a train of two single pulses at 5 and 20 ms delivered
to the median nerve increases corticospinal excitability of APB; however, it does not modulate the excitability of the
abductor digiti minimi muscle. Conventional PESs (PES at 10 and 20 Hz) have no effect on corticospinal excitability.
From Saito et al.8® .
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Figure 8. The effect of a train (two pulses) of peripheral
nerve electrical stimulation (PES) on short-latency affer-
ent inhibition (SAIl)

ppES of 20 min, which includes a train of two single
pulses at 5-ms inter-pulse interval (ppES-5ms) applied to
the median nerve, reduces SAI recorded in the abductor
pollicis brevis muscle for 40 min after stimulation. In
contrast, ppES with a train of two single pulses at 15-ms
inter-pulse interval (ppES-15ms) and conventional PES
(PES at 10 and 20 Hz) have no effect on SAIL Results
adopted from Saito et al.® .
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Figure 9. The effect of a train (one to ten pulses) of peripheral nerve electrical stimulation (PES) on corticospinal

excitability

In this study, a train of PES (train PES), with one to ten pulses at 5-ms inter-pulse interval, was applied to the right

median nerve.
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Figure 10. The modulatory effect of total electrical pulse on corticospinal excitability after a train of peripheral electri-

cal stimulation (train PES)

In this study, the number of electrical pulses included in a train was set between four and eight. When the number of
electrical pulses was four, the inter-train interval (ITI) was set at 50 ms. In contrast, when the number of electrical
pulses was eight, the ITI was set at 100 ms. Therefore, the total number of electrical pulses applied for 5 s was set at

400.
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establishing evidence-based physical therapy

Hisato Sugata’

Abstract
Motor imagery and imitation have been widely used in physical therapy. However, all of their
neural mechanisms have been not always clarified. Understanding of their neural substrates leads
to not only enhancement of the scientific evidence of physical therapy but also development in
new neurorehabilitation. In this review, I would like to introduce achievements of our MEG study
focused on motor imagery and imitation. Motor imagery: The relationship between M1 activity
representing motor information in real and imagined movements have yet to be fully elucidated.
We investigated the similarities and differences in M1 activity during real and imagined move-
ments using MEG. Imitation: Imitation is a complex process that includes higher-order cognitive
and motor function. This process requires an observation-execution matching system that trans-
forms an observed action into an identical movement. Although recent studies have demon-
strated the relationship between the neural substrate of imitation and the mirror neuron system,
few studies have focused on the mechanisms of imitation from the aspect of neural oscillation. We
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examined oscillatory neural activities associated with imitation.

Key words: Motor imagery, Neural decoding, Imitation, Neural oscillation,

Magnetoencephalography
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Figure 1. Experimental paradigm.

(A) Subjects performed the motion and imagined tasks in
the same sequence. The trial consisted of four phases;
the rest phase, instruction phase, preparation phase, and
execution phase. (B) Forty virtual channels were located
on the left M1 at intervals of 25 mm. The black dotted
line indicates the location of the central sulcus. A, ante-
rior; L, lateral; M, medial; P, posterior. (C) Schematic il-
lustration of support vector machine (SVM).



H AR Al TR A R

Eholz (K2AEH). X512, E#f A-TEE
SEE)C BT B NS o 22 B 04 & R I e B
&, PO BG4 B B NG TR 22 [ 06 S A
BICHBET A G072 (R2B). 2k, ¢
72 5 BB B E N R OB FEASHE) 4 2 — T & 5
EHCTEORM AR O L EZRLTWS. X512,
JHE) A X — T - FEEBRF O NN RO R 125 B) 0 BY 3

#21% 15 (2018)

P (BFRAEE) 120w T B2 iT-72. ZORE
TEE A A — D - EIEBBALE D 200msHi A 5 1 B B 3 fix
TEMOEFEDA ZIHE LiGD, ZIUIsFIC—kE
O FOHEBICBW TR LN (K2C). 20
I 3k oD R [ 1) B S L X BV B AR R I v o 2 AT R L
72785, ZOHBOFOFIREL THE LB HBL
7.

Figure 2. Spatial and temporal profiles of decoding accuracies during imagined and real movements.
(A) Significant decoding accuracies were observed around hand and arm areas during both real and imagined move-
ments (arrows, binomial test, p < 0.05). (B) Significant spatial correlations were observed around response onset
(Pearson’s test, * p < 0.05). (C) Temporal correlation began to increase significantly from —200 around the hand and
arm areas. These significant correlations disappeared around response onset and reappeared from 400 ms. (Spearman’s

rank correlation test, p < 0.05, FDR-corrected).
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Figure 3. Sequence of images used in the tasks and the schema of the tasks.
A blue (indicating movement tasks) or a red dot (indicating non-movement tasks) was presented for the first 500 ms.

Then, two types of visual stimuli were presented for 500 ms

as follows: an animated hand and a static hand.

Participants performed the finger movement in the movement task and did nothing in the non-movement task in re-

sponse to the presentation of go stimuli.
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Figure 4. Oscillatory neural activities during the imitation condition.

(A) Significant ERDs were observed at the left sensorimotor area and middle frontal gyrus (MFG) during the presenta-
tion of Main stimuli. (B) ERDs during imitation were significantly stronger than those during the other three conditions
at the left precentral gyrus and MFG (*p < 0.05, ANOVA and Tukey’s method).
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Effect of muscle contraction strength on gating effect —An MEG study—
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Abstract
Afferent somatosensory information is modulated before the afferent input arrives at the primary
somatosensory cortex during voluntary movement. We investigated the changes in gating effect
by muscular contraction strength and innervated and non-innervated muscles in human using
306-channel magnetoencephalography. SEFs were recorded following the right median nerve
stimulation in a resting condition and during isometric muscular contractions from 10% electro-
myographic activity (EMG), 20% EMG, and 30% EMG of the right extensor indicis muscle and
abductor pollicis brevis muscle. Our results showed that the equivalent current dipole (ECD)
strength for P35m decreased with increasing strength of muscular contraction of the right abduc-
tor pollicis brevis muscle. However, changes were observed only at 30% EMG contraction level
of the right extensor indicis muscle, which was not innervated by the median nerve. There were
no significant changes in the peak latencies and ECD locations of each component in all conditions.
The ECD strength did not differ significantly for N20m and P60m regardless of the strength of
muscular contraction and innervation. Therefore, we suggest that the gating of SEF waveforms

following peripheral nerve stimulation was affected by the strength of muscular contraction and

innervation of the contracting muscle.

Key words: Gating effect, Somatosensory evoked magnetic fields,
Strength of muscular contraction, Peripheral nerve stimulation
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Fig. 1 Appearance during contraction of the right ex-
tensor indicis muscle.

Fixation of plastic band to the proximal phalange of the
right index finger .

Fig. 2 Appearance during contraction of the right ab-
ductor pollicis brevis muscle.

Fixation of plastic band to the proximal phalanx of the
thumb.
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B L Tl 2ol & bl U C Rl B B i R bl 2 g B b 12
BT A2 L3 —FHLABIESRTWVD D,
N20mE 5B L Cld— 0 WA H LT v,

Fig. 3 The grand averaged waveforms after stimulation
of the right median nerve during contraction of the right
extensor indicis muscle.

The responses consisted of three deflections peaking at
N20m, P35m, and P60m, respectively, after stimulus on-
set. Dotted line: rest. Dashed line: 10% EMG condition.
Gray line: 20% EMG condition. Black line: 30% EMG
condition.

Fig. 4 The grand averaged waveforms after stimulation
of the right median nerve during contraction of the ab-
ductor pollicis brevis muscle.

The responses consisted of three deflections peaking at
N20m, P35m, and P60m after stimulus onset. Dotted line:
rest condition. Dashed line: 10% EMG condition. Gray
line: 20% EMG condition. Black line: 30% EMG condition.
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Rehabilitation research of pain

Michihiro Osumi'?, Masahiko Sumitani’, Yuko Otake®, Shu Morioka?

Abstract

Goal-directed movements involve representative sensorimotor control, planning, and execution,

both sequentially and cyclically. An optimal motor control is necessary to minimize jerk, torque

change, variance, interaction torques. Disturbance of optimal motor control may cause or exacer-

bate pathological pain in patients with complex regional pain syndrome (CRPS). The present review

article demonstrated abnormal kinematic feature in CRPS indicating sensorimotor disturbance and

pain-related fear. Then, we also demonstrated rehabilitation strategy for them based on analyzing

kinematic data. While, phantom limb pain is exacerbated through altered movement representa-

tions of their phantom limb, for example, ‘my phantom limb is frozen in one or more peculiar

positions’. Previously study hypothesized that visual feedback using a mirror restored the volun-

tary movement representation of such a ‘paralysed’ phantom limb and simultaneously improved

phantom limb pain. This observation generated a working hypothesis ‘distorted movement repre-

sentation of a phantom limb induces pathological pain as the alarm sign of the limb abnormality’.

In the present review article, we demonstrated process of verifying the working hypothesis by

using the bimanual circle-line coordination task and rehabilitation with virtual reality system. We

suggest the importance of evaluating the movement representations in a quantitative way, and

that structured movement representations of the phantom limb are necessary for alleviating

phantom limb pain.

Key words: Complex regional pain syndrome, Phantom limb pain, Motor control,

Sensorimotor integration
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A. Feedforward control

Desired
state

Motor
command

Feedforward
controller

Actuator
(muscle)

B. Feedback control

Desired
state
l Motor
+®aﬂ Feedback command Actuator
_ controller (muscle) ]
Filtering - Receptpr
Sensory (muscle spindle)
feedback
Fig. 1 Feedforward control and feedback control.

(A) Feedforward controller output motor command based
on desired state. The error is not monitored during
movement execution.

(B) Error signal is detected after comparison between
desired state and sensory feedback. The error signal
achieves to generate motor command.
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Fig. 2 Kinematic variables of the reach movement.

(A) The trajectory of the wrist with the corresponding velocity profile is shown. The total
movement time is divided into an acceleration and deceleration phase.

(B) Superimposed traces from successive reach movement are shown. Reach movement
paths are less constant in the patient. The peak velocity is decreased in comparison to the

control.
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Intact Affected [pre alleviation] Affected [post alleviation]
Intact side medial Intact side Affected side medial Affected side
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Fig. 3 Examples of goal-directed movement trajectories in the intact upper limb and in the affected limb
before and after pain alleviation during the initial movement phase.
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Fig. 4 The relationship between the result of bimanual circle-line coordination task and phantom limb pain.
(A) The experiment image of bimanual circle-line coordination task. The patients sat comfortably in a chair and
put their intact index finger on a tablet PC that was on a tablein front of the patients. Patients intend to draw
circles with their phantom limb while drawing vertical lines with intact hand in the bimanual condition.

(B) Relationship between PLP and movement representation of phantom limb. A significant negative correlation
was observed between pain intensity and OI (r = —0.66,p < 0.05).

(C and D) Examples of trajectories in the bimanual circle-lines coupling task. In a patient, the OI value
comparable between unimanual and bimanual conditions. This resultindicated low bimanual coupling effect (C).
In contrast, a patient demonstrated more circular transfiguration (i.e., high OI value) under the bimanual
condition, comparedwith trajectories under the unimanual condition, indicating a high coupling effect (D).
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Fig. 5 (A) Demonstration of our virtual reality environment through a head-mounted display.
Participants moved the virtual phantom limb, which is a mirror-reversed image of the intact limb by moving their
intact limb, and then tried to reach and touch a target object. When touching the object, auditory feedback was pro-

vided to the participants.

(B) Correlation between the ovalization index and phantom limb pain including pre- and post-virtual reality rehabilita-
tion training. Black lines indicate pre-VR rehabilitation and grey lines indicate post-VR rehabilitation.
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Effects of thermal therapy on skeletal muscle atrophy in
leukemia model rat

Haruna Kawachi”, Jiro Nakano?, Shintaro Inoue”, Matsuzaki Toshiro?,

Junya Sakamoto?, Minoru Okita®

Abstract
The purpose of this study was to clarify the safety and the effects of thermal therapy on skeletal
muscle atrophy with leukemia by using model rats. Thirty Wistar rats (4 weeks old; male) were
used. The rats were divided randomly into three groups; Control (n = 10), leukemia (L, n=10), and
leukemia plus thermal therapy groups (L+T, n = 10). Leukemia was induced by injection of
7,12-dimethylbenz{alanthracene in the L and L+T groups, injection was carried out 4 times with
10 days interval. Infrared therapy device was used for thermal therapy on hindlimbs in the L+T
groups. Thermal therapy was begun after end of the injection and was performed for 4 weeks
(40min/day, once per 2 days). Weight, erythrocyte sedimentation rate (ESR), hematocrit, and
number of white blood cell (WBC), plasma concentrations of tumor necrosis factor alpha (TNFa),
plasma concentrations of LDL receptor related with 11 binding repeats (LR11), muscle RING fiber
protein 1 (MuRF1), heat shock protein 72 (HSP72) and muscle fiber diameter were measured. As
the result, although HSP72 level was increased in the L+T group compared with the L group,
MuRF1 level and muscle fiber diameter were not changed after thermal therapy. The change of
progress of leukemia by thermal therapy was not observed from the results of weight, ESR, he-
matocrit, WBC, TNFq, LR11. In conclusion, thermal therapy on skeletal muscle might not prevent
and recover the muscle atrophy with leukemia, though thermal therapy on skeletal muscle do not

affect a progress of leukemia.

Key words: Leukemia, Thermal therapy, Skeletal muscle, Cachexia, Heat shock protein 72
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A: Far infrared treatment device (EL-30, OG-Giken) was used as the thermal therapy. The far
infrared light was irradiated to limited area of hindlimb.

B: Temperature change caused by infrared irradiation were shown. Rectal, intramuscular, and skin
temperature of Wister male rats (n = 5) were measured as the pilot experiment.
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Fig. 3 Changes of weight and hematological parameters
A: Weight, B: Erythrocyte sedimentation rate (ESR), C: Number of white blood cell (WBC), D: Hematocrit.
L: Leukemia, L+T: Leukemia plus thermal therapy. Data are means + SE. * p<0.05.
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Fig. 4 Concentrations of TNFa and LR11 in plasma

A: Concentrations of TNFa in plasma, B: Concentrations
of LDL receptor related with 11 binding repeats (LR11)
in plasma. L: Leukemia, L+T: Leukemia plus thermal
therapy. Values are means = SE. * : p<0.05.
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gastrocnemius muscle

A: Muscle RING fiber protein 1 (MuRF1) in the gastroc-
nemius muscle. B: Heat shock protein 72 (HSP72) in the
gastrocnemius muscle. L: Leukemia, L+T: Leukemia plus
thermal therapy. Values are means = SE. * : p<0.05.
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Fig. 6 Results of histrogical staining

Cross-sections of gastrocnemius muscle were stained for
hematoxylin and eosin (A-C). Some section were stained
for myosin ATPase activity after acid (pH4.3) pre-incuba-
tions (D-F) . A and D: Control, B and E: Leukemia (L) , C
and F: Leulemia plus thermal therapy (L+T). Scale=50um.
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L: Leukemia, L+T: Leukemia plus thermal therapy.
Values are means = SE. * : p<0.05.
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Relationship between the shear elastic modulus and passive force in

posteroinferior shoulder capsules -A cadaveric study-

Naoya lida", Keigo Taniguchi”’, Kota Watanabe”, Hiroki Miyamoto", Tatsuya Taniguchi’,

Mineko Fujimiya®, Masaki Katayose”

Abstract

Although shear wave elastography (SWE) has been used to indirectly measure passive force in
muscle tissues, it is unknown whether SWE can be utilized to evaluate passive force in capsule
tissues. This study investigated the relationship between the shear elastic modulus and passive
force in posteroinferior shoulder capsules using SWE. Six posteroinferior shoulder capsules were
dissected from six fresh-frozen cadavers; then, humeral head-capsule-glenoid specimens were
created from each capsule. The humeral head and glenoid were each immobilized with clamps of
a custom-built device. Passive force (0-400 g in 25 g increments) was applied to each capsule via
a pulley system, and elasticity was measured simultaneously using SWE. Our data revealed that
the relationship between the shear elastic modulus and passive capsule force was highly linear
for all six tested capsules (p < 0.01). The mean (* standard deviation) coefficient of determination
was 0.933 (£0.030; range 0.883 and 0.963). Our study demonstrated that SWE is a valid and useful
method for indirectly and noninvasively evaluating the passive force of the posteroinferior shoul-
der capsule.

Key words: Shear wave elastography, Capsule, Stiffness, Mechanical stress,
Throwing shoulder injury
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Fig. 1.
der.
The posterior capsule was divided into the Sup-PC, the
Mid-PC, and Inf-PC parts. The glenoid was cut according
to the incisions between the Sup-PC and Mid-PC and
between the Mid-PC and Inf-PC to create bone-capsule-
bone specimens with a width of approximately 10 mm.
Sup-PC: superior posterior capsule. Mid-PC: middle poste-
rior capsule. Inf-PC: inferior posterior capsule.

Posterior capsules specimens of the right shoul-
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Fig. 2. Experimental setup.

The humeral head and the glenoid were fixed. Passive
force for the capsules was applied to the glenoid through
a pulley system.
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Fig. 3. Location of the ROI.

The ROI, which had a width of 3 mm and a height of 0.5
mm, was set at 5> mm lateral to the edge of the labrum.
ROLI: region of interest.
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Table 1. Regression coefficient (R? for shear elastic
modulus.
Specimen ID R? p value
1 0.926 <001
2 0921 <001
3 0.963 <001
4 0.960 <001
5 0.945 <001
6 0.883 <001
Mean 0.933

Table 2. The ICC (1,3) for three times of measurement
at each load.
ICC: intraclass correlation coefficient.

Load (g) ICC (1,3) Load (g) ICC (1,3)
0 0.989 225 0.996
25 0.997 250 0.996
50 0.999 275 0.996
75 0.998 300 0.992
100 0.995 325 0.999
125 0.984 350 0.997
150 0.990 375 0.992
175 0.992 400 0.994
200 0.997 Mean 0.994

ZEEE ) & SRR O I IE O M B AR & R0
72, &6 AR EFENX OB ARTRYZ0933 = 0.030
(0.883 - 0963) TH -7 46 EARDYLEREL & Kl
Bl % FhZFTable 1 £Figd4, 51,9, F72, i
B AR IR 2100g 0 Z By R TEIE L 72 55 Wk
% (875 = 375 kPa) &, &HEMTOFWKT I
100gD Z By 5k JJ CHEH L 7235 W o pE =8 (989 =
370 kPa) ICHEE I b o7 (p=0324).

FTRTOZHEIOHEEHINCBWTICC (1,3) &
L, T 5 L0994 TH o7 (Table 2).
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Fig. 4. A typical example of a SWE image.
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Red indicates tissue is stiff and blue indicates tissue is soft. SWE: shear wave elastog-

raphy.

Fig. 5. A typical elasticity-load plot.
It indicates the data of specimen ID 3 (91 years, female).
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—modified Clinical Test of Sensory Interaction and Balance &
Galvanic Body Sway TestZ H\»CT—
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The relationship between modified clinical test of sensory interaction
and balance and galvanic body sway test

Tsubasa Mitsutake"?, Shinichiro Oka®, Maiko Sakamoto”, Yoshimitsu Morita”,

Mitsunori Okita”, Etsuo Horikawa?

Abstract
The vestibular sensory plays an important role in coordinated movement of postural stability;

however, there have been few studies evaluating the vestibular function related to standing

postural stability. The purposes of this study were to clarify the relationship between the modified

Clinical Test of Sensory Interaction and Balance (mCTSIB) and the Galvanic Body Sway Test

(GBST), and to quantitatively evaluate whether aging would have synergic effects on mCTSIB
and GBST among healthy subjects. Forty-four healthy subjects underwent the mCTSIB and the
GBST to examine the vestibular information related to standing postural control function. There

were no significant differences between the mCTSIB and the GBST. Aging showed no significant

correlated with the mCTSIB; however, aging was significantly correlated with the sway velocity
in GBST (p = —0413, p = 0.005). The GBST was used to assess the vestibulo-spinal reflex (VSR).
This study suggested that aging might diminish the VSR function by the middle-age.

Key words: Vestibular sensory, Standing postural control, Aging, mCTSIB, GBST
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Clinical Test Sensory Interaction and Balance (LLF,
mCTSIB) & Galvanic Body Sway Test (BLF, GBST)
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FzEH9 % 2 & T, VAL OLRBGIHRGEICE D A
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GBSTIZHi B8 B 2 A L CRIE RS X % L8]
PR RE 2 EEE R IZEE 9 A 2%, mCTSIBIZHE A
DL OEREHIRT 2 2 & TRIERIC X 2 L3
T HEET S, 1Eo T, MAFliIZRZLL X=X
LEHFALTWAELOD, ZOMBREIHSLIZENT
W, BERIMEEE 2 EOR SR REE LEE L
WmCTSIBIE FL B 25 55 I B R T B 5FAMli 251 58 T &
. WEFAME OMEREZHL NIZT BT LT,
mCTSIBIZB T 5 RiEHFR S OB %2 HiEIZTE 5
WREEDS D 5.

AWFseo B, /AN 2% v TmCTSIB
EGBSTO S RE iR OB EZHONCTH L LD
2, FHE S PRI BIT S INEDSZ IS O LB
HREREIC R T B ERAET 52 & THAH. AWIZED
RH e LTid, miEMEEZRMTEELOND
mCTSIBDZz & 23\ IR TR AL RE D F R B2 1H &
GBSTO B & oMICHOMEA»RD SN, F
7S & W EFAR L 350 B BB EEAE & o B AH BB AR
WREBDENL ZENHMENS.
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1. ¥&

HRR AR, IEAVE I B O BEAE A 0 W
#5334 (BM:18%4, th3s4s), EM445 = 128 (20
~63m%) DEBRICSI Lz BRAMEREE, PR L 72K
BTES PR TOVALDB30 L EREETE 2w
%, WIEERESHBEC O TR XK, SORE
WEFEEINLH, PR TORERIEE AL REET
E W, BRI KRR, TR & & oar
PLORFFREII B R ST DS B & L7z, AW
RIEEANV Y VFESICHEOE, YHRHHEERICT
HKBEFTHEML 72 KEEHF520170%5). SR EIC
FEBRICHET AT B & TEE L OEE E2 v T
T, FMEHICEAZBIRICEREZRIB L.

2. BAEhEETAl

B REh 2 13 NR AR 2 4 (TSNDI121, size; 37
mm X 46 mm X 12 mm, weight; 22 g, ATR-Promo-
tions) Z MW THEHIL 72, & ¥ i FKE) 2 5
57205 7 SHMER SR FICRRE L2, TR IS
SRS B VAR RS R RIS 5 7201208
—YvFnary¥a—% (SVEI4A38C]B webcam,
VAIO) CTEyE %25 L7z, VARFRo B & 54 7 54
HEB S AR E L2t v R, Ty
7 b+ (SyncRecord(T), ATR-Promotions) % T
&4, 200 HzoH > 7)) ¥ FREEBTRisk L 72,
mCTSIB& GBST & b (2[R Ak D Re &k 7 3 TRHM L 72,
FRHANEIENTY 7 b ECEHEICEE Lot v olE
H108 50 m/sLA T OZEE) TIVALIRIFASTTHE T H 5
Z & R DS ICHERE L CRIgA L7z, SRR
JEDNLEDE N7 IEEHZ R L, R E2 17
7ot%, FREEERMIL 72,

3. modified Clinical Test Sensory Interaction and
Balance (mCTSIB)

MEHEFADDFEMTIUENRFEEITo 72, &1
R CTHIR. AL (Eyes open/firm surface, LLTFEO
firm), &fF2 @ R TR AL (Eyes closed/firm
surface, PLFEC firm), 43 @ IRMIZE®E L7272
v¥ay (74—25F5—, size; 450 mm x 450 mm
x 35 mm, 5lEEE2]1 Kgf/cm? % 0.06 g/cm?
Anima) L CBIHRY.AL (Eyes open/foam pad, BLF
EO foam), &ff4 @ REICHELAZZ v a v kT
B A. (Eyes closed/foam pad, LLTFEC foam) %
To72 (M1A~D). R\ M ALZ RFEL,



H AR Al TR A R

iy b % T L 7R T4t & b IS60RD I oo AL AR
FEiro7z.

4. Galvanic Body Sway Test (GBST)

it G N O il T P e A0 8 S 2 0 ) B 1
(DC-STIMULATOR Plus, neuroConn) % i/ L 7z
(K1E). wiER#o5mE, mozpkeie L5
X 7em®D I N—EAERE L, FEEELY12 mAL
L7z, FEAELE A PR — AR B X OV bs—A e
MG 1 I OFHI L, I AR 24T - 72,
GBSTIZ, x5 25iRE PG R O B AREY R S EHT V) 7
b ECTEEICES L2 v S OWIEAS0 m/sELTF D
EBETHD I L witlE BRI L T, BIRT
B CLOR B DAL & 4T o 7214, 308D [ o i e il 3k
AT o7z, FHNERCE ONLE 2B W 72 A3 RN &
kL, REZIS 7%, HEHllL7:. ZhCToHi
VEF R VAR CE o 2 ORI LTI,
Bzl L7z,

) (B)
GVS

sensor sensor

N
EC firm EO foam EC foam GBST

EO firm

Fig. 1. The modified clinical test sensory interaction and
balance (mCTSIB) performed a postural stability test
focus on sensory strategy using a head sensor.

There were four different conditions; (A) eyes open on a
firm surface (EO firm), (B) eyes closed on a firm surface
(EO firm), (C) eyes open on foam pad (EO foam), (D) eyes
closed on foam pad (EC foam). (E) the galvanic body sway
test (GBST) performed a postural stability test focus on
vestibulo-spinal reflex using a head sensor. Vestibular-
evoked whole-body movement was measured postural
stability during galvanic vestibular stimulation (GVS).
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5. F—XEM

mCTSIB, GBST2 5% 6 /- MR E kvl (F
FHHm), i (A1) (Z10Hzoa —/ 827 1 )b
¥ YT RAT, BRI OB EEE ORI Droot
mean square’ 5 L TRz @it L T HREZIE
& L7, mCTSIBTIZE 4 D DL BT 5 B KE)E
EOMIZ, X U FIEROBREIE % FEIC L 7 L3l i
Behe % 5f i3 5 729 OEO firm & EC foam® £ k&
(LLF, EC foam/EO firm) %% L7z, GBSTTIk
FH L 727 — % 20, PANRZEEE AR O B AR E) 7 O
9NE & i JE P Bt Ry S0F ] 0 B AR Bh R o0 -4 il % HL
L7z, BRI O G ARENIE D & ZEERIE O B AR E) 17
ZERL7EZ ML, AT o 72RO % SEE
L7

6. IRETERAR

AWFZETIE, GBSTHEMHEEZ 729 %24
% (BE164, KH28%), ZNTL7-. F¥HEREX
425 = 1315 (20~63i%) Tdh - 7.

Shapiro-Wilk# %€ # HIWCIE#EZ M Lz LT/
YRF X MY v I RERATo 72, mCTSIB, GBST&
FEOBBRICOWT, 9, mCTSIBEGBST#%
Spearman® A AHBH 2 H W CHEGE L 72, RIS, 4G
EmCTSIB, GBST® #538H H % Spearman ® NI A7 41 4
HWTHGEEL 72, & 512, mCTSIBO % §14 &
GBSTIZ, #EAL (20~295%, 30~395%, 40~495%,
50~595%, 60~635%) (Z7% L CT—IohtE o i &
AW THERB O E 1T - 72,

BT MME IZI1XSPSS (statistics 23, IBM) % ffi
L7 b, HREAKEZIS %L L7

=R S

mCTSIBIZ B \» T, EO firmi314.78 +£3.96 cm/s,
EC firmi315.31 £5.38 cm/s, EO foami%17.98 + 4.62
cm/s, EC foami32318+492 cm/sT& - 72. GBST
134.13+149 cm/sTd - 72. mCTSIB & GBST ? 4%

Table 1. Correlations between measured the mCTSIB, and age and the GBST

mCTSIB
EO firm EC firm EO foam EC foam EC foam/EO firm
age 0.291 -0.148 0.273 0.181 -0.117
GBST 0.010 0.128 0.006 -0.038 -0.017

mCTSIB, the modified Clinical Test Sensory Interaction and Balance; GBST, the Galvanic Body Sway Test; EO
firm, eyes open on a firm surface; EC firm, eyes closed on a firm surface; EO foam, eyes open on foam pad; EC
foam, eyes closed on foam pad

97



H AR Al TR A R

IZoWT, IXTOEHH CHELRHBBRIEZRD bR
otz (1), —F, F#ICH LT, mCTSIBiE
H RO SN o 7255, GBSTIZ & E D
B EHBBEREED72 (p = —0413, p = 0.005)
(M 2). H£ERBOEKIZOWTIE, $XTHOHEAIS
BOWTHEEAPRD LN o7 (F2).

£ £

ARWFZEIE, HIRE R 2 Y T BBk RE O RF

(cm/s)
8

o
O
o]

Body sway velocity
= o
(@]
O,
(@] Oo
o O
(o]
So)
(e}
@)
O O

w

o “o

N

p = —0.413,p = 0.005 |

0 10 20 30 40 50 60 70
age (years)

Fig. 2. Scatter plot depicting the relationship between
aging and the body sway velocity in the galvanic body
sway test (GBST).

The body sway velocity indicates the difference in value
between the galvanic vestibular stimulation and the
static standing.
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i Td A2mCTSIBE GBSTO MR Z AT L L &
W2, THOOWEMEISEA LT T LA L 7.
mCTSIB & GBSTD R IZOWT, KAFFETIZT T
DHHAIIBWTHEZRMHBEBERIRD SN d o7z,
o T, RWFFEORTERRE % & 5 W aHl T 5 iz &
RENEAE IR D H B & L2 — BRI B E S h
72. mCTSIBDEC foam*EC foam/EO firm 3 JE&H ik
B D W T b HE AL O LRBRFFRE I 2 Sl T & 5.
—77, GBSTIEHE I\ Fi B B8 S5 % 5FA 3 2 5 ik
Thb. AFEORETE, mCTSIBIZ BT 5 RN
& L CORIMEREN O LELRFFIET) L GBSTA 5145
% il R SO B VB 1 2 BA AR AT H e v
ZEERBLTVS.

F 72, IS & ATE RS b B LB O BRI
DWW, mCTSIBTIIA R RMHBBRIZEED bk )
o7z 51T, FEMRITHH L 7-mCTSIBO £ 54T
bEBEAZEOON Do 72 KiT%ETiE EO
firm, EC firm, EO foamZ4fFiZB W THEHR L Hik
AT REBIRICHEEVTBO SN0 - 7225, EC
foam5efh TlEE#E O B RBIRP L FE & A E
WCKEDPo 2 EEZRELTWEY. —F, olfr
WFFE TR S VIR ETo S REHER I X - Th
T2 EIRENTWAEY., AW2ETHEADHD
Do BRNE LT, FEROAFIZIZSDEN
U ENEZONSL. 512, AFRTIZE 7%
MHEMRZSEE B2 o 2@ L, S S S AREE %5
WL T2 L, BATHIZE ClRELEEEET 2 v

Table 2. The comparisons in body sway velocity for the mCTSIB and the GBST in each age group

Age group F P

20-29 (n=8) 30-39 (n=14) 40-49 (n=4) 50-59 (n=14) 60-63 (n=4) Value value

mCTSIB EO firm 1274 = 250 1423 + 448 1466 + 432 1575 + 382 1748 = 386 1309 0283
(cm/s) (908-1653)  (897-2248)  (11.26-20.38) (10.79-2333)  (12.36-2052)

EC firm 1725 = 598 1449 = 514 1788 = 933 1416 = 375 1579 = 644 0716 0586
(949-29.17)  (927-2942)  (882-2667)  (874—2116)  (9.99-24.99)

EO foam 1390 = 217 1931 += 499 1927 + 419 1814 + 451 1960 + 482 2302 0076
(1177-1774)  (1232-2796) (1401-2356)  (1349-2847) (1455-26.11)

EC foam 2160 + 641 2310 + 533 2474 = 257 2384 = 457 2271 + 439 0358 0.837
(1203-31.76) (1524-3188) (21.16-2725) (16.79-31.14) (17.38-27.12)

GBST 457 * 130 461 * 151 473 £ 211 344 + 1.35 338 + 077 1844 0.140
(cm/s) (2.86 —6.95) (261 -754) (2.62-7.25) (2.16-5.82) (2.25-4.03)

Values are given as mean = SD (min-max)

mCTSIB, the modified Clinical Test Sensory Interaction and Balance; GBST, the Galvanic Body Sway Test; EO firm,
eyes open on a firm surface; EC firm, eyes closed on a firm surface; EO foam, eyes open on foam pad; EC foam, eyes

closed on foam pad
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TRERLOZH ZFHILTWBY. HREaE s
B0, REEiE S E T ABVIRY FTETIV
fLEshTwab, LaL, SEERIZEEF G & R —3K
T2 LIRS T, SHIR & AL Tl B AR IS E
BA U B HEMWED B D, RFFEORRITHE L 200
b LNz,

G EGBSTIZ A B EEOAOHBBEKR L R
L, DGR Al E S 0 B AR B R ASIR A3 5 s
ARRRD BNz, BIEAREETIN O M EUL 305 2 5 605K
T TR A AT 2 A H 5. IEc X % A
JEREREIC T I, O FWRRERE LT &I 30
BEMEASDH 019, dREIC X U BRI & 3T Lo m
fnfl L7z 2 & D3 RS & B L CHIERRE DK T
ARENTWSY . R IR ERRE D N2 LI1X
RBOLNTVDEZ L5, FIEREREEZ TR <
BT b T L B S 2 0 3 2 I D S M AT
T52ET, REHESOSAIAL 2 RN D 5.
—7J5, M X 2 GAEREIEELICE LT, fHEXEH
WA IIZE T, RTERIRERE R, TR
GBI & > C—W 2 B REHR 25 Sk, £
D%, NS OWHIEEIIMA L, Mo FERBAIZ L -
TR S U 3R ICREHERET 2 720 0 B ikE)
FEAVE U B i E I AU RS 0 T BE O 5 1 B 5
JSEIERIC L > TR T 5 2 E2VRENRTWEY, #
D7z, RFFEICBVTEHI L2 R B OERE, /N
R > B 2 TR L 2235 o0 B AR Bh 4 & o Y
WCHEEOADOHBBRIRD Oz EZ b5,
Dbk Z &5, mCTSIBTIRIER AR b 2 s8]
RO FEL 2 S PEM TOMKMEILZIRZ B 2 &
AL \WAS, GBST T B kiE ISR S 37 HEM 2 o
W F TORERAEIE T IC X 5 LE8H kR 2 3HIi T
XLMEEMAD 5. RIFEORE, Wi oniER <
b, T CICHIE R O LRGSR T 5 2
LIRS NI

RIFFEORRR L LT, RG22 T 58
HIEREGE 2 /NEUIER L I X > TRAEL TS D
D, HHEXZ L% 7 E 8 A B BT 2 5 OFHI
ZiToTwiaw, 413, mCTSIBRGBSTH IZ THE
“HHRAEEHmomm xR T 52 LT,
mCTSIBROEC foam4efi: C /e B i Bh 2 75 T L3
TR BE L 72D, T 72, GBSTEREOV. HE ) L
BT TFRTOFEHNED L) IELTWED0E
LNICTHULEND L.
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5

ARIF7EIL, 20~60iEfCDFEED S HEY T TR
Za% e L, mCTISB&GBSTO &M% AT 5
&l B, Fln kARG & o BIRYE A BGE L 7.
mCTSIB & GBST & O BRAFED SN o 727290,
mCTSIBTIERIETHNH OEEE AL LIITER
o7z, GBSTO AN L A B RMHBEERE R LS
LD, EEETIE R CHEMETTOMEICES T
A VE B 6 S % & e BB BE MR 375 2 & AVR
®E .

AHF7e1%, JSPSEHFE: 17K130550 B ik % % 1 F C 3%
fEL72. $RTOFZFE, BRTRE P %5
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