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Motion sensory integration assist system for training motion and sensory
function of deep muscles
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We have developed a wearable assist system for efficiently training motor

and sensory functions by supporting the integration of movement and perception in deep muscles where
movement perception is difficult. The pelvic floor muscle group (PFM) was treated as the deep
muscle. We have developed an indirect motion teaching interface technology that utilizes PFM and
muscle synergy of the abdominal lateral muscles and a wearable motion perception interface that uses
force-tactile stimuli, and implemented them in a wearable system. We also designed a training
program according to the individual®s pelvic alignment. We conducted a subject experiment of PFM
training using the developed motion perception assist system and verified its effectiveness.



RIEFNDBEENERE - RBHEE N L —Z VDO DEBHMBHET A MR T L

M2 CtimERY)  Bose (RIZEBRY) FEHEE— (REKRY)

1. WIERFELYIOE &

FEEE R %% (Stress Urinary Incontinence :SUI) 13 &0 AU 72 Quality of Life (QOL) JEHETH
5. HAANKVEDIREEZAIE 1IH 30% T, ZD I b 80%Ic SUl DIERD A LN 5. EARAERE LT
CLL*2%ET 2, BEdOER o BRI, REZHEDRVIRIENAEL 2R ERETONS Y, BED
HiciE, BHIOR D HEEERETOZZ %2 L nER% <, KEREOZZHEIIN 5% L INTWD,
SUI @J5A & L Tl intkm, HEIC X 258K (Pelvic Floor Muscle: PEM) Dtk 2852326 17 5
na. PFM zigfb 32 C i3 SUL PRHICAR & STk Y, @bk e LT Kegel (hign K2 RE I N
T3 29, L L, PFM DOUHE (X585 8 L <, HPIAERZ FFoF I X 2158 CHlifh B HE L 72 5 49,
72, A0 UL PFMIEEIRICIAAZLFET 22 L 2liE L T3,

2. WO HIY

A CIE PFM @ X 5 1IGEBIAIE AW EE 2 EEHRIC B W GEB L M L i %2 BT 2 2 & T,
RIS EHBEEE & TREHAER L — =V /T 27200V 2T 77AT VAN AT LARFETL L
ZHIE LT, FICRD 2 ODHEICHLY fHAT.

(D) v F Y=t O BREH L —= v 7 D70 OEBHE T > 2 b & 2T LDRHF

(2) B NG L 72 Bi%e 74 % o 72 BRI O 72 o O ol R s

B, AMEIRILERE LY R e 2 0RE T2 EMEEELZBESOAR (BRIGHE 285 5) %
FCHEML 7.

3. WD
(1) ey — O CHBIEH L —= v 7 D0 OEBHMET v A b v 27 L OB%

FREH 7 b L —= v 7 AT LERED 7= D ICHRRER 2> b BRI~ F v —IcEH L 7=,
flivFry—2Ll, »2HNEZROEIFL T 2BICEBOBRBFEICEE T2 Thd 7. RET L
AT L, iy — %ML CEMT 2 A L CHEBENICERIER OFiGEI 25135 v X7 L D70,
HRIEH & B O ¥ —DFEEDHER L v TV — DM R @I T 2 720 DER % (T 7-.

HERICH Y 9 2 £8icT PFM L IEHEf & D F ¥ — R 2l 3 2 -0 0 FE 2T > 72. PFM
WEhE TN, BUEERE X, K (S IM M) ORI MICKEFHE Y XiET 5 2 L T
IGEE O FHI Z AT o 7o, — T RS E [ IR0 e AR — A ZHER T & 72\ 728, EE 20 mm,
£ X 100 mm DR AP (Life coare Biofeedback Vagina Probe PR-11A) #%#ENICEREL /2. £ D
fik, PFM & EREAG & DI~ F ¥ —BAfR 2 MRl L 7.

oy Y —BRICE IV AZBEN PFM L —= v 7Y AT L LEBHHMET VA b 2T L%
FL (K1), HEMCHERTREZR Y AT 4L 3 5 -0 GEH O fiGEEHlc i, BEsHcixk < Al
v ERAL, KffihET2 vy EHR»PODORNEZEN v VB2 5EED v 7 — 2% H
Wp e TCEKa R MEERERL .



MHEM PFM b L —= v 7 %479 BC i, il & & v 2 fE~ov MICHUD (0, AR i LY <
5. 2—H% I PFM Uiz &k L, v ¥ — ClUi 3 2 IEMM 0GB 2 il < 2 vy CchillL, £ =%
TFR & N2 MEREMEEN 2 I PFM 8 e L CRB#L, "4+ 74 —F v 2 b L—=v 7 %eT
5. Ry AT, B LM MAMNGEH 2EbA DI ERENE L AT LTHY, 2—F 7LV F
V=V AT LTHDL. LI, COMBEI Ly IFREYLHRICHLYTCoNE 728, ERICX 5T
HEOMIEEBZAE LT k2 2 L PHRETE 2.

A A5k A Fm : ~
=— N AEE: Sm i €=9
- ]

- BANLDRN:Pm )
I = B ey
. -
i e s

BREH

BES LY EAV MBI —=U YD R T4
K1 &y y2H0EBENPEM FL—= v 7070 OEHHET A b AT L4

(2) HAEA L 22fEkee T 272 B BRIKH LD 72 © O RilELSE

FL—=v 77 v 2 MEBOFHMICIE, LIELEHBEKETALREDT VA e a—< VAV DL
N2 25, FHH R RS O BRIZIKRCHEEEZ b LICLTE Y, BT 74 X v F L ERIBIROMEA
FERKMEIhTnARWL, 22T, RABHBERETAOEBRT 74 2 v F 2EBIBREZHEAEST 3 C
&, ANEEFEL 7= PFM EBIRIEFIEOMELTo 7259, HAEES I NEHEKET Vi Hv
T, B OLHICE T2 PEMEBIRBOGREAZ{TH) 2 & T, MAZER2EELRliL ML —= v /L8 %
HINT 22 L2 HELZ. WHREARZEHAL LT, HEMNCL VA2 11 EEOLRZERL, HHE 6
% (B34, k34 ofLHICE T2 PEMEEIEOGHEMR L FllfExtikT 22T, v 1a
L —a v ORI L 7.

ESE T A ICIZEREI #5857 P TH % OpenSim3.3 ZfHwC, L3 k1) 3 PFM iH#&
DR ZE{To 7. HiEEET VICE, BEOHITHENTAET L TH S Gait2392_Simbody #_X—RZ & L
T, PEM i&8h 2 fiftr 4 2 7201, BBBRE 8T 74 A v o GEE 21T, BT o0EEL, PFM
DBMEIT o 72, FIEEIROGIRFNIL, T TEEHOMANES Z K2 -FHEKE T VOB BN O
DDA =V VI RITH. RIS, FE—YavFFv 7F v T — X OWGES¥HEEZIT) & T, HBEH
FHRT2BfAERHRE TS, KRR, BOWEBESAE KRN T -2 2HEKETAVICE 25 C
& CIEENEFTRE 21T - 7.

4. WHEEDRR

(1) v Fy —IcEICEBRERH L —= v 7070 0EHIHET > 2+ v 27 LD

BHFE L 28 PFM L —= v 2 IC X 2 EBHRIE T v 2 b v 2T L 0AMERBGEET 5 72 0 1T fiH
RAZE 11 B ERRIC, PFM b L —= v ZVEAEEB 2T 72, KD 7Z01c, 74— F3y 715



&7 I, R AT R S A 4 7 4 — Koy 2, RIS 2 v 100\ 72 558
7 B D ST DAL B KB L 755 & BRI A 0 U & TS 3 IR T 4 — FoS v 2 0FF 4 S X — v
DA HIC T, PEM UUHAIE 17 - 72, BEBRE I IRV /1 90%, 50%> PFM Ui % #7r L,
FooR L 7= PEM IGH) & 0 33 % 3T L 7.

2 11 %5 DYGER L & ZEVE DRI 2 1T - 72653, 16 110 O e
L RIS B TR A B b N WRE R AL = (1 | o0 g

2). 74A—FRNw 2R LEREVATLICEET7 4 —F 80

Sy TS e, HEIED 50 %L T z—y 2 6 | e—
3 DB, HEEICECHA CIUECE T b enRc 5| [ —
Exmé.::f)ot901%%VXfA%$'JH%¢5:e@tc:% ;g ———

74— Fy 7 LRIREEDFIIE & Hit L <, #Bts o 10 I

B AR & %0 o 8t 2 TR L 72 0

2 GEBHIE T v R b FEEAER

(2) NS L 72 EsE T % o7z BRI D 72 0 O Rl ZHAE

ERET VRO 11 B3I E T 2 REFRIHY © PFM iG8hE MRS & L fRiRe o S2HIE 2 g3
58T, RETLRERZAEHOZ U MZFHG L 72, X 3 ICH5HEEE O 11 Bk 52 PFM iGE&E
DFHEME & FAME OB K Z RS, #RHE 6 4D 5 5 malel, male3, female2 ® 3 4 Tix, FHEMERE
FHE ORI IEDOMHBI H 5 & L2335, MHBEREIZZ £ 4 0.41, 0.35, 045 TH 2. 6 HH 3 4
DWERE T, HAEE L 2B EKE T AVIC X 52 PEM IEEBHEEIEIC X o TRIEZE D Z NICE WHEEREZ
BRBEETE LR TE, RFEOFHESRE I N, RFEICXY, 2R %E PFM FL—=v 7
7a 77 LD BT E 5.

—_ -— %
%3 (%) . >
> 12 . *2 > 1 s ml 5
1 2 n
i s %"3 g . & 20 P 02
& 10 =z B
i g 8 3 té
153} s i b 15
S 7 S 6 S
s 0 8 b . B 10 J y=03192x- 14429
e *9 jao4 M . 8 W R?=0.1253
8 4 e 11 & 7 . iﬁ‘ im ;
;% % ) 1°0 ® S  me
s L4 10
gr 2 y=0.1148x + 4.9688 P 1 y=-0.5531x + 15.683 ‘}'@m 9 -." 8
R?=0.1713 R?=0.0594 11
0 0 0
15 25 35 a5 55 65 15 16 17 18 19 20 Y 50 100 150 200
BREREHE O IE%MVC] BREHEHEOEBE%MVC] BRERTHE OREE%MVC]
7 20 20
B femalel _ o8 _ female3
g S 16 316
& 5 % %
8 B ;ﬁ 14 ]
&, e7 e10 & 1 & 12 .10 P
= k= 3
1S aea g, e .5 S 10 S 10 s 09?2
B 3 9  e11 ® o, B o
a a8 &
¥ I °6 9 W6
5 2 5 6 Tes *3 & o11
w 't 35 *4 ee 2 #" o4
& =0.0268x+2.1799 & 1--10 u &
i« Lkt : T 2 y=0214x-6.7591  dr 2 y =0.0559x + 9.8533
0 R?=0.008 o R¥=02 0 R?=0.001
54 56 58 60 62 64 66 68 40 50 60 70 80 15 17 19 21 23 25
BEREREHEORABEHMC] BREFED B OTAE%MVC] BAEREHE OEIH%MVC]

3 EAEA L 72fiEt&E 7 v & v 7z PEM &8 & o s RE & EllfE & 0B



Q) AWEBREOE LD L S5BOEYE
TEENE N R R E R TH 5 PFM s & HIE L O 2 BT 5 2 & T, RN EBKRE

REMEER P L — =V /T390 2T 77 AVT VAN AT LREFE L 7-. PEM L GRG0y +
Y — %GR L - EEREEIBORA v 2 7 = — AE B L OCNMERBIC X 2 v = 7 7 TVEEIFIE A v
27 2 —AEFEL, V2T TITNVATLCEE L, 2, MAOBBRT 74X PSP L—
= 7u s L e L R LZEFHHAE T AN AT LB G PEM L —= v o WERE
EBRe LML, ZOEMELREEL 2. AUIE I REMZE L oLFFE~ L FE L, SULEH D PFM b
L—= Vv 7 COEMEEZBRAEL TV FETH 5.

<ZEHk>

1) ZERE, MILANR, EREEn, NIRRT, WG4, RIKE - TEDOY R — i X 3B
SR LR O A = X miRE], FEBETYAEE 1(1), 21-39, (2014).

2) EMME @R EE Y. PHREE 77 2 7 4 A, 15, 9-12, (2007).

3) Kegel, Arnold H. : Progressive resistance exercise in the functional restoration of the perineal muscles,
American journal of obstetrics and gynecology, 56(2), 238-248, (1948).

4) Talasz, H., Himmer-Perschak, G., Marth, E., FischerColbrie, J., Hoefner, E. and Lech-leitner. M. :
Evaluation of pelvic floor muscle function in a random group of adult women in Austria, Int Urogynecol
J, 19, 131-135, (2008).

5) amikT, HHRE, PUERE, A, IREERE, RRHRK - BB o RS ER I

BISAT OB ASA A7 4 — P8y ZFERZTR L RER], A4 7 4 — Fo3y 705, 43(1), 19-
26, (2016).

6) Shimatani, K., Wakaiki, T., Tsuchiya, Y., Sugiyama, Y., Itabashi. Y., Sugihara, K., Mitani, R., Yamakawa,
S., Hatono, A. and Tanaka, T. : Association between contractions of pelvic floor muscles using X-ray
imaging and contractions of transversus abdominis muscles, ACPT2016.

7)) HIME, By Y — i o Y OEIG R AT R FE O RERGRAVERAE, H AR [Nl R A EE,
Vol.22, No.2, 53-63 (2015).

8) Wakaiki, T., Tanaka, T., Shimatani, K., Kurita, Y. and Iida, T. : Individualization of Musculoskeletal
Model for Analyzing Pelvic Floor Muscles Activity Based on Gait Motion Features, Journal of Robotics
and Mechatronics, 30(6), 991-1003, (2018).

9) #HAERE b B R R — A2 I, EAGEE L 2fiakge 7 2 v 2 B BRI L o
720 DEGELBEM, N4 A A=K 4 25,113-124 (2020).



4 4 0 1

Wakaiki Tomohiro Tanaka Takayuki Shimatani Koji Kurita Yuichi lida Tadayuki 30
Individualization of Musculoskeletal Model for Analyzing Pelvic Floor Muscles Activity Based on 2018
Gait Motion Features
Journal of Robotics and Mechatronics 991 1003
DOl
10.20965/jrm.2018.p0991
Hasegawa Hikaru Tanaka Takayuki Wakaiki Tomohiro Shimatani Koji Kurita Yuichi N/A
Biofeedback for Training Pelvic Floor Muscles with EMG Signals of Synergistic Muscles 2018
Advances in Physical Ergonomics & Human Factors 403 410
DOl
10.1007/978-3-319-94484-5_42
YOSHIDA Michihiro TANAKA Takayuki KANEKO Yuto TSUCHIYA Yoshio 55
Effect of Dynamic Tightening Force by Active Corset on Joint Stiffness and Lumbar Assisting 2019
Transactions of the Society of Instrument and Control Engineers 683 691
DOl
10.9746/sicetr.55.683
25
2020
113 124

DOl




26 11 9

EMG

36

2018

CareTech

2018

Tomohiro Wakaiki, Takayuki Tanaka, Koji Shimatani, Tadayuki lida, Yoshio Tsuchiya, Kazuya Sugihara and Yoshimi Sugiyama

Individualization of Musculoskeletal Model to Analyze Pelvic Floor Muscles Activity

Digital Human Modeling Symposium 2017

2017

Wakaiki Tomohiro, Tanaka Takayuki, Shimatani Kouji and Tsuchiya Yoshio

Pelvic deformation estimation based on analyzing gait

39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society

2017




35

2017

18

2017

Kosuke Tsuneyasu, Ayumu Ohno, Yoshiyuki Fukuda, Kazunori Ogawa, Toshio Tsuji and Yuichi Kurita

A soft exoskeleton suit to reduce muscle fatigue with pneumatic artificial muscles

Augmented Human 2018

2018

2017

2017




KRI

2017

2018

Yuichi Kurita

Soft exoskeleton to augment sports activity and support healthcare

Italy-Japan Workshop 2017

2017

Yuichi Kurita

Design of Human Machine Interface based on Understanding of Human®s Motor and Sensory Capacitys

28th 2017 International Symposium on Micro-NanoMechatronics and Human Science

2017




2017

2017

2017

ImPACT

2017




Wataru Sakoda, Yuichi Kurita

Coaching system of motion timing for a baseball batter using force stimulus

World Haptics 2019

2019

Kazuya Sugihara, Koji Shimatani, Naohisa Hirata, Takahiro Taniyama, Miki Hirata, Tomoko Shimono, Midori Takagi, Yukari
Syouda, Hiroko Takahashi, Masako Kido, Yasuji Tabe

Collaborative approach to medicine reduces anxiety in the wife of person with severe COPD

International Society of Physical and Rehabilitation Medicine World Congress

2019

Sugihara K, Shimatani K, lkaruga Y, Kanbara S, ltabashi Y, Okita K, Shima K, Tabe Y, Tanaka T

Influence of posture on respiratory metabolism in women with simulated pregnancy using the pregnancy external-diagnosis
prosthesis

World Confederation for Physical Therapy CONGRESS 2019

2019

Michihiro Yoshida, Takayuki Tanaka, Yoshio Tsuchiya, Yuto Kaneko

Modeling the Joint Stiffness Change by Pelvic Tightening Based on Alignment of Lumbar and Pelvis

Advances in Intelligent Systems and Computing

2020




26

2019

20

2019

20

2019

37

2019




20

27

2019

20

2019

2020

216




(Shimatani Koji)

(00433384) (25406)
(Kurita Yuichi)
(80403591) (15401)




