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In rehabilitation, muscle weakness in long—term bed resting is remarkable in the mono—articular
muscle, but in the conventional muscular strength training, a strong load is also applied to
the bi-articular muscle, and selective strengthening of the mono—articular muscle is often
difficult in many cases. Therefore, utilizing the output direction control characteristics of
the human body lower limbs, we developed a selective training device in the mono—articular
muscle of lower limbs that even one patient can use. After being evaluated at the actual clinical
site, it was used as training for hospitalized patients and confirmed the effectiveness as a

device.
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Recently, the number of households comprising only elderly people(60 years old or older) has
increased because of the falling birth rate and the aging population. According to a recent
Japanese Statistics Bureau report, the total population was estimated to be 126.59 million among
which 35.22 million people were elderly. Furthermore, the Ministry of Health, Labor, and Welfare
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predicted a shortage of approximately 380, 000 nursing care staff in Japan by 2025 [1], which is
the year in which the baby—-boomer generation is expected to become more than 75 years old. As
the number of users of nursing care services increases, 2.53 million nursing staff will become
necessary by 2025; however, it is expected that only 2.15 million staff will be present based
on the current rate of increase. According to the official release of the sufficiency rate
associated with the number of nursing care staff actually required to serve the number of people
who requires them, which increase with the aging population, there will be a shortage of care
workers of approximately 200,000 in 2020 and of approximately 380,000 in 2025. Therefore, we
have developed a video—surveillance system capable of detecting an elderly person falling in

the absence of care workers.
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Biodegradable polymers can be employed as controlled-release materials when processed with
supercritical carbon dioxide (scC0;), and L-lactide (L-LA) random copolymers are useful in such
applications. In the present work, poly(L-lactide—ran Jd-valerolactone) [poly (L-LA—ran-VL)]
copolymers, which do not melt during scCO; processing above 80°C, were synthesized. The thermal
properties, crystallinity and polymer chain structures of these materials were evaluated before
and after processing at temperatures from 60 to 120°C and 14 MPa. An efficient one—pot process
(termed azeotropic—combined one—pot polymerization or ACOP) produced poly(L-LA-ramVL) or
poly (L-LA) in good yields and high molecular weights, and poly(L-LA) with an # of 8.20X10* was
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obtained without the use of an inert gas. Poly(L-LA-ramVL) composed a 73/27 ratio of L-LA and
VL had a relatively high molecular weight despite its lower L-LA content, and its 7, and AZ#A,
were decreased only slightly compared to that of poly(L-LA). Both AA, and crystallinity were
found to increase with increases in the scCO, processing temperature, especially at 120°C.
Although the degree of crystallinity increased with increasing L-LA content, the A/ of the
83/17 specimen (which had the lowest M) was higher than that of the 91/9 sample. Before
processing, the 73/27 copolymer had the highest haze value while the 91/9 specimen had the
lowest, and there was a linear relationship between the haze and crystallinity of each copolymer
after processing at all temperatures. The infrared spectrum of the 73/27 copolymer prior to
scC0; processing exhibited a maximum absorbance at 1756 cm™, and this peak was shifted to higher
wavenumber with increases in the processing temperature. Thus, infrared spectroscopy could be

used to assess increases in crystallinity following scCO; processing.
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This work studied the incorporation of essential bark oil from 7hujopsis dolabrata var. hondae,
which is known to repel various insects, in poly(L-lactide—ram J-valerolactone) [poly (L-LA-
ramVL)] using supercritical carbon dioxide (scCO;). The poly(L-LA-ramVL) was synthesized by
first purifying the monomers by azeotropic distillation with benzene, followed by polymerization
with Sn(oct); using the same equipment, representing an efficient one—pot process. The
copolymerization of L-LA with VL using this technique at a feed ratio of 90/10 mol/mol gave
poly (L-LA-—7ran-VL) (91/9) with a molecular weight of 6.48X10* g/mol and a high yield of 74.9%.
Products with molecular weights over 5.0X10' g/mol were obtained at L-LA feed proportions of
70 to 90% Impregnation trials were conducted between 40 and 120°C at 14 MPa for 3 h. The oil
content of a 73/27 specimen was found to increase significantly during processing at 100 or
120°C. During enzymatic degradation with proteinase K, the 91/9 specimen showed the fastest
degradation rate. Although the 71/29 sample was slowly hydrolyzed in a phosphate buffer at pH
7.0, the release of oil vapor from this material was slightly higher than that from the 91/9
specimen, and the vapor release rate continuously increased throughout the hydrolysis process.

I FEEt
Changes in the morphology of poly(L-lactide-ran- o-valerolactone) following supercritical
carbon dioxide processing
Chikara Tsutsumi*1, Yumeko Ishikawa*l, Naoki Takahashi*l, Souta Manabe*1, Susumu Nakayama*l,
Yasuhiro Matsubara*2, Yuushou Nakayama*3, Takeshi Shiono%3
%1 Department of Applied Chemistry and Biotechnology, National Institute of Technology (KOSEN),

Niihama College, *2 Department of Environmental Materials Engineering, National Institute of

_99_



Technology, Niihama College, *3 Department of Applied Chemistry, Graduate School of Engineering,
Hiroshima University
Polymer Crystallization, Vol.2, Issue 4, p.1-12, (2019), 2019;2:e10070

(R XR4E)

iIE |:|+
Impregnation of poly(L-lactide-ran- J-valerolactone) with essential bark oil using
supercritical carbon dioxide
Chikara Tsutsumi*1, Souta Manabe*1l, Susumu Nakayama*1l, Yuushou Nakayama#*2, Takeshi Shiono*2
%] Department of Applied Chemistry and Biotechnology, National Institute of Technology (KOSEN),
Niihama College, #*2 Department of Applied Chemistry, Graduate School of Engineering, Hiroshima
University

Scientific Reports, Vol.9, Issue 1, p.1-14, (2019), Article number 16326
CEEZL X i)

il =
T1,0; ERE b = & KRR TG
R, AR, RKH ML, RNk, R Cs2, MERAEA2, FYTH A3
*1 BRI T 3mSR A s AL R
*2 BEE L RS EME T =T ) TS VHE X —, *3 FEE L e P AR R
BB T 3R S P hshd B, 45 56 &, ppl8-21, (2020.1)

T1205 233547 L 722 W 55 D IRFBF WAL 1K) 660°C Td 2 DITH LT, T1:.0 B3 HAFT DA ITITR BRI L
IREEAH) 300°CE THERIZ T Hivsd Z EnbhoTz, FHE 16 PIEND swthH—R 77 v 7 +T1L,0; I
B DI —R o DFTRTH 240 & 250°CIZBNT 20 FETRRBEL 7= 25 2 bnd, F72, 240 & 250°C
WU T Swthlh o B R NI X 7,

il =
ARYFTDRFEERARIFTDINAZDLENT I LDOEE
TAESL, HLEE2
¥l FRR TERSEEMAPR T D=7 ) o I T, VEBE ' X —, 2 FiER T EEEEP AR
#

R TSGR A i B, 5 56 &, pp31-34. (2020. 1)

BEOCERDZVVa=g L (Ir) ET7=0h () 2658 LK E IRX (4 a3fk) o
AT OREREAERESVEEL LT, TOFE, JTTROENI L DRFERORE RZETH HIRD
STzy LU S, AREASWICOWTL, (KBED Zr 12 TRIBRITHR L TR 10%FRE DA B
BTz,

® FE

BER_BIERRICKDIFEERREECESFRMNR ) TR TILOYELRLIZET 581K
teERbe, B RIS

- 100 -



* FEIE RS A AE MG LR
BRI LR PRG35 56 &, pp26-30, (2020. 1)

AMFFEETIE, BB SRR Y = 27 VTR b A & BR S DRI L U CRER I bk
F (scCOy) & WM EIOIIZEZAT > TN D, scCOy D3R U = AT VO KIF T 58 E T~ D
ToOIT, PIEDHEI RIS TR U 7=, BIRFIEOBSAIRFIE 2 IE L, scCO, 3R U ~—HEE I T T
WA OWTHRTERY . UFIOMZETIE, RV =FLoH 7 3r—k (PES) ERY 7FLoP7 vp—
K (PBS) DRV ~—AEEICRITTHELRE L CND, AFETIE, R ~—FHI T EIRER % & A PES
RPBS LV bELENREVRY TF LT ION— T L7 X L— | (PBAT) ZAW-EREIT-7-0DT, £+
DOFEFITHONTHIET 5,

(R 49 EJ

sl &x
EFEEETTIVICKDHE FL—Z2 0 ZIEHBORHE
A1, )2
*1 LV AEY F— g IR U B F—3 9 VB, %2 SRR T m S P S R
FIEARIANEY TF—ra VETS, EEFIRES, P1-2-2-1, (2019. 11)

BEERBAFRIZ BN T — W —DO B PERERIZ 7 4 — Ry 7 STV D LT EWER, & Z CEEREES &
HE - ISR Cd 2 T, BEERBIRE A — I — 3 B O A L 0 | BREREHFE 238 L CRAsHkaR D
HMEC T 52T v AT DA EERT 5 2 & C, MO RESE 5 = L 2 A58 D H
& LT D, fERIFTTIRIARER O TNEO M SRR ERAME H STy, G ofEf| S 218
KU, EFERHEEA N, T EL S, s A — D —~DOBRRMHEZ 1 C, RIS COMFEIER
IZE-STND, ZOBBEIRICT BT U A MG T 27 OITHEE LT-D), EFEEEET L THDH &
Tl FEEE USSR A LT,

sl &X
BETEFICH T HITRE & - AERERORMRE
EFRZHRL, SRR —*1, &H)IE 12
*] RV AEYF— g IR U B T —3 9 Bk, %2 SR T3 A P e T
FIMAARINED T — 3 VEFES, KEES, P1-1-7-3, (2019.11)

W R 381T 5 BT O S 72 AEOEFIZONT, GEROTFEICK LT, SRR REE TER- L
TERERREH T D Z LIk DIEEROBCERRE LTz, TOEE, 15 S 72V R ORI 23Ek
W2 5% ARBKMEGHEDH D THRIE) \ZBWCRI% Lo AEERIESRZ VD 2 & CHE 7RG
VANV A R =l By

sl &E
EFEEEMBARETIL~T AT 4 7T/ Ao—HiEBERIFHERE~
BT, SR —2
*1 R TR EEM R LR, 2 LY e T —r 3 R e T—v 3 VR

2 O EFHEARBAE SRR v U — 7 s, (2019.9)

FIRAN OB EHEERE & EFREANOFRPE &8s L, 2o, PEERBMHOW 125 T, Bio=—X
VZFES < RRZE DIFPE CO—E DR (FEBRIZ K 2R ORI 2157 b D% Bkt & L CEEISHEOST

-101 -



HINFETOREEHRE LZ, £72, IO ORNEAS R bIkGHIIC RO RSB R O— &R 2 #H 2 5
KOBRKDT VAT 4 TT 7 ) a o= NMBERENEE LTV AT A LEENEZA LT,

Bi# bt
BIREBYHIBRRAORES L UEN 5 ZAVV-RERMDRE
MR AT, B Rl R, AKGLE2, BERE TR, ]

s e TR P A IS LR, «2 (B K3
AA AL T ESC R 56 [, (2020. 1)

IAEDREFIRM O E VIZ XD | BRrx LS LS, BAROZHEER IR AER ShT
BY., R, EERBREIICES . ESTCEEMICERETE, REIIEEN m O &V D Rz - I
FLRENEH ST D, ABFETIE, ZIRRPEDIEAR, [LEFELR & ORE > & o e R LI R 2 R
&, oBE RIEL, ORE 7 L—r3— 70 MRICERESE D EROBE 2T Lz,

Bi5E (st
EEBLHIVX/ aAFECAWSA TT 1 hILpH o H—DEH
HN T, AR 2, B, BkiLE3, a3
*1 FTEIE T3EE SRS LR, %2 Rk TSR M FADIC LSRR, 3 () K&

H AL b2 2020 4EEERZY, (2020. 3)

AT, ALFHER LT Y ~— OB G A T 5 & 36T, fbHER L72R Y ~—~ RN
FL L THAxOBMILAETAHFF AT NTF 7 2= BT ¢ ) UFBER (CTPPH,) % A A fEATEIC
FVEBEBALIZR YR IMEER L, 39— MLECBO TR — 7L Ml « A X7
H T ROEE 7 E R FHIT AT DA T T 4 Bk o E T A~DISRIC OV THRE L -0 T#ET 5,

I FE
BEER —BIERFBRADPICH T IR ABEESA~NOERLLEYOER EYEEILIZET 50K
PR, TR, ), ESRRU, ALk, FRLthiER2, HEEPRE2
*1 FTEE TS H P A IS R, *2 IR KRR T e R s A T LI
% 68 [l fFafimes. (2019.9)

BRIRICR S LUVRIIER B A I 5 72 D12, BEESR (bR (scC0:) & V=R U HLlig7e © OBRERE
WM U~ —NA~O RIRH RO A L S ORI BT D098 21T - CT& 7=, AV IEIE
AR Y = — DO T HRLEAEWEOIZERRITIR SN TN, LA & e~ 7ueF 7 F (CL)
T hTAF LU A—ARR—F (TEMC) 72 E L DIELEREZAND Z LIV BRECENET5LEY
BERSEDHIENTE, LR, QUEBREO FEFIZE L0 EESET, 7 L 2EZmBW
TREN SN ERAMICHEH TE 2 b 0IIELNh -T2, T2 T, MHEEL EREIETH 7 4L Lk
RS2 2 L B E SRETERSEL N TE L EbNs - uF 7 v (L) % L-
LA LHELEIHEDE/v—E LTHY, 72X ALEAR (PLLAYL) 2608 LEiRER AT 72, T2,
scCO IR N IZF1T 2 ILHEEEROYMEZA A XRD 0~—RFHT L 0 7l L 72,

12 FEt
BRSO HIEH SN I-BEE-FERI R TATILOERE R
AR R, \Ese], FEEd], EABERER«1, WPzl MBS, tE33e, I3,
(LIP3, L3
*1 SRS KFRABE LR AT DI, *2 F R T3 S B A A s AR
*3 MNTATBOE N PRI AAFZEmT

-102 -



55 68 [l Fatamas. (2019.9)

FEBARY ZATF L THHRIZF LT L7 X L— b~ (PED) I3~ EY - B 28 L, IR <
FAEN TSN, PET 250 MR ST 5, PET OESPICHENET 27 /L 28 A L5
W E AR Y AT UL, BEBRT AT VOB, BEBARHE & IRIRE= A T VR4
DIRVEE DR ORI IR UCHEH STV 5, A EDRBUZ T iy MERIRRC > D
CHENPUETH LN, FOL I RO aR) =27 L TlEm 4, @S 2z 2 2 LIIREETH -
7o BEWIER Y =27 1o, RY (-3 (PLLA: 7, = ca. 170°0)0R Y 7' =t—/LfEg (PCGA: T, =
ca. 230°C) [ ZHHRAIEN T, ZFF D03, PETIC L-3lig% 7 > & MM A LT SLE AR (PET-PLLA) TiX, PET
EEDPEOG AT PET B3RO T, 2773 DIk LT, PET BFEMENS DL L 2R ST TH D 2 L2
WS TnD, PETIZZ Y a— /g8 A L7 EBEAAR  (PET-PGA) TiE, 7 L7 X /UBEAZ 64 mol%
DHDOD166°C D I Z2/m L TN D, Fexld, HEBEA D =27 MRl e B v 2 R3AINE L < Fil2x
AT Z EICXR Y, EVRES EERE A EA NI L 9 DD TIERWVNE B X T2, AT, A —nk
TMEOE RaX IR SN AT ) v —F AR L, BT L7 Za AL (T0) e DT
R UL & OFERFEIC LV FRESRANE 2R Y =27 VB GK LTZ, BbhizaR ) =27 /LD
RSOy i 2 FAT L 72,

Bl "E
FIEEEYHIBEODIEER LUV TN L AV -REBMOW&EST
RN, Aok HRl, R, Aokalibse, EEEER2, I Ek]
*1 FEE TSP A R, 2 () K&

H AR bR U E S 56 [MlEEs, (2020, 1)

O T RiTHE)

il =E
EBEBLHIUX/ aRECAWSA TT 1 hILpH £ o —DEH
W1, HACRER2, FaiffRl, ZRokoiE3, EiE A3
* SRR T3 A B P A A S R, *2 B T3 s P A s L, +3 (BR) K%
H A2 by 2020 4FEE RSy, (2020. 3)
(L TRiTHE)

-103 -



