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Safety checklist for physical therapist in walking training using a powered exoskeleton -
task analysis procedure based on behavior analysis
Rieko Hojo, Hideki Oyama, Chiemi Kan, Hiroyasu Ikeda, Motoya Takagi
National institute of occupational safety and health, Japan
F—U—F @AM EHAER, TBLE, BEREL, ZReF=v 7 U XN, EELETEHS
M =
Keywords : Powered exoskeleton, Occupational safety, Physical therapist, Safety checklist,
Behavior-based safety

1. IZU®ic

WA, TEY ST Z 5B 8 (Powered exoskeleton) | D FEHAL M E - TW 5. B )+ &4 EHK
(LLF, #ABERRT) &1F, JREICE, P—bE2aRy PREEXEr AR Yy M &R
Thbh, TOREIZONVTIEL, ISO 13482 2B W T [Hh—tvReRy FRAEFEXErL ARy O
BEMK ] RRESA TS, EWNTIE, JIS B8445 T4AEFEXE o RNy bR E2ERFEH |
B8446-1/~=bE 2L —F Z AR VWHENLZEBEIFEXEN e Ry b (Fl:FHEHe Ry ML),
B8446-2 MEM NEEMEEKT VA PRy h (RU—RZA=VIZbdN, HETHL I AAE
UM #ELEMNTH D (H] : HAL) | K O B8446-3 SR Tl # N ®A o R v b (F - &2
ToA)| M EDTERKBICETEXEe Ry NCETLI2FHEZED TWVD. ER - Ml s L
TOFMMZEZBEICENZLDOIE, TAONRAEELZMT L (BT 2)] LWnWHEKRTANT =7
v A & (power assist) Mz W LEEE L GMFEND. EFE - NEHOB I EHAFK L EH
fERNED N TS,

HARIWZIZT TIZ 10 5 AL Eow x§ifE#5 (Spinal cord injury, LA T SCI & #7) BFEIEL,
FEREB L 100 T ANHT- 0K 40 NEHEE SN D[], £z, BHFERN 5,000 AOF LWEFHAEF
NDEHRESNTWDH[]. EHMEMEFOTEHEE T, Tnth 34 & 1/4 2505, AR
ODHEZIHMBEOEFZREICLD &, BRAEHBEIIKALIZERLEE SN D[2]. AEOERICE W
TiE, ZEETHEEIHBGCIIMRBECHAZFOREREEORBITLED 2. Fiz, X
M, BICEERRE CIX TREEZRET L ZERARETHDL. Toz, BEICITEE -
FTHEWTOERANLALRD . ZOFREEL T, ZER2MRBEOBBAREREBEIREINLDI OO,
WMIRTIE D 2D HMIECIET), BEICOHRYORIRAMxodZ LD,

A EAERICEB N TIE, SCl BEBEBOSITHEICE L >AREN /RSN TEBY, SCI BF
DM L7 BITE2 XETHEHICHEHINBED TS,

BEFE I, EERTOB A E4EKE L Tix, ReWalk, Indigo, Exso, WPAL 7¢ £ ® 4%t
BAENKTEESN, TNENRSCIEFICHEHAINTWD[3-7]. TO/RICLINIE, TRXTOET
VN SCIEFDOMSL LEBITICRKRESEHEBMLTWSZ EHEIN TS (K1), BITXEOFEE
EREVWBTFRECOVTOMENEEIND —FH T, IBEHREEEL TOBRITOBEORRE
S, W, EEMNIITALEOV R EHEINTVWDE., ZOLHIR VAT ETX LR KIS
L27DIlE, —EOMERSERFELZZ TN ELZRET LILENLD. KRELT, AD
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EEARLENIZEY, SEREESTROZENEF SN TOLIIRPEMAAS. Ll
B, UNAEYbHRALBEOR TN RBITXEONE L LT, RICHPRELPIHEYLT

Table 1. Reconstruction of walking by exosleletons

Neurological S Number of Number of

Exoskeleton * . Prognosis . Authour(s)
level patients patients
Independent walking 5
Walking monitoring 3 3]
Rewalk C8-T11 A-C 12 Yang et al.
Minimum contact assistance 3
Medium contact assistance 1
. . . {4]
Indego AorB 11 Walking monitoring 7 Hartigan et al.
[5]
Esko AorB 4 Walking monitoring 1 Kozlowski et al.
[6]
WPAL Th6-12 AorB 12 Independent walking 12 Hirano et al
WPAL C6-7 AorB 5 Independent walking 3 Fuse et al. 7l

*: American Spinal Injury Association Impairment Scale

WDD, TMEBIOTMEZEMEN+FITHRFTIATVD EIEF AR, SEHEHE o o8&
TR, A% ETETHERTHIENMBINDI D, WKW - BHmaERs ke s 7/
SNLHMBEFICHLTIE, ReRZXEOLLOORNKEZHELLILENLNH L. LrLAENL, EE
Wi, N#EEZOYR—FNEZRIRELELZETA RT3 8L, BEELETEALTH RN,

% Z CARMI TIE, ReWalk & FreeWalk # % — /%7 v N O FHK L LT, HEKE H W HRT
A zZ1T 5 SCLEFZ 757 T8 PRELMITOLET =y 7 v — MO EZBHET. IO
AT v 7ELT, ITENCE S LS (BBS) OFRIEICKE S XA T —7 Vv EMEHL T,
SCIL BFH LHFPRWIELDA 2T 7T 4 7 RITEZ 0 L. KfaTix, BUEERTDOZ X2
ST — T NVDOERDOFEREE X AT P O5%OFMMEERNTT 5.

2. RS
ARSI

SCI IZFFE LY BT —2 a2y —TOIUANANEYT—Taro—EELTOHRITI
WOk TZEe T AR L, EERZE2ITE NS (Behavior-based safety, BBS) O HGRICZHE S #
AT E T2, 2O L —=227 Tk, ReWalk (X 1) Z#{H L7=. ReWalk i, /U — F
by 7 EROBETERMET L0 =2T7 T TARIAEKRTHY, EETDH LT SCI BEDED,
AT, B, BEEO LY T ZFRBICT 5 (BUE, KE & B AR TILM B aE XA H A 7). ReWalk
E, KETEABEIRIANAEYT = a VHIZCFDADORAEZZ T &V DOINEK LR D.

FL—=v27Tix, NP OBRELTTOTHOEENR AL LD LN, TE8HE2 K7V — 71T
L7z (K 2). HBATAICH > TiE, 1 AOFRL—F—L, H#EMHE (~L3—A) BX
O#ENE (A /X—B) OFF 3 NAOBEPRIELNLELRDL. XL —2—0%FIL,
ReWalk D B fEDO#{E L #I 1 TdH 5. ReWalk # F CEZE XL, #EH (SCIEH, = —¥—)
DEENOBITXEEZITH) . XEOBREX, BITIMOEITICLIVEEIND . ~ L/ —B X
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ThEOILICRFEZHE, MreELET, UNEVIIMEFIBRZMOE LR L, BAR
CHRISET D, Z DX AT IS X, SLAEH L NEE O 7l 2 BT I ME 2 Rt 5.

ReWalk (Israel)

User Height 160 - 180 cm

User Weight 100 kg max.

User Requirement = SCI only; T4-T6 in clinic;
(FDA approval) T7-L5 home setting
Device Weight 25 kg

Supporting Part Pelvis (Sacrum), Upper and

Lower limbs

Joint Movement Hip, Knee, Ankle(passive)
Gait Trigger Body tilt

Cost $95,000 list price

Fig. 1 Commercial indication of ReWalk

3. Ak
H - DUser @Operator — (DHelper A = p— DHelper B =—
‘ @preparatlon ‘ Easy-to-walk clothes Call setup screen CEreiaI:et'tJat's
— eck batteries
@movement from @ User (2 Operator Check menus
wheelchair to chair Take off shoes Where are change — @ HelperA = ™ @HelperB ]
P”tF?a“t‘_i °"h‘_:ha" points of the setup
. oating hip factors ?
®Wearlng Turn around body actors
.. Sit on the chair
@TISIHg up Move legs
‘ ®start walking ‘ ® User @ Operator — @ Helper A — r— 3 Helper B =
— Sit on chair PPT paltts((SKnees)) Help to have canes
- ut pats (Sacrum
‘@SUmgﬂpmge%‘ Have canes Wo Check pats
. @ User perator
®Turn|ng Sit on chair - ® Hel_p_er A — = @ Helper B —
Make canes rise vertically Turn on rising button Check canes
®o0 Check comfortability
(%) User perator
Hear sound of start walking
@mov_ement Put canes to front
to cha"‘ Step a leg to front
® User (® Operator

Watch of movement direction
Put canes to front
Step a leg to front
Put canes to front
Step a leg to front

Behavior of user

Behavior of operator EEEEEE) Behavior of helper A EEEEEE) Behavior of helper B

BT DR R, ReWalk (TR T 2 BT O —EOTEEH L, K& < 11HA OTHENIZS
HARRTHD. ZORFEILILILRDIIAINNEED TWITIE, EEFROIHEDO I R
7 LIRBR RPN D ERbND. £, MBEO 3 AR TN E NI N E AR A K 72 5% E
EH S TWH7ES, HEMNRNMBIIRETCHD Z EXABBMESTNOHL Nz, 5%
%, BEZELEDLEZNENOLZETF =y 7 v — F2ERL, HxD U X 7FMORRL T 4
EORMEWMT 2Y A7 0T 257 AR N EFMETILERSD S .
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