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Development of an ankle foot orthosis to assist the forefoot rocker and a pilot study of the orthosis in Healthy Subjects
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Abstract :

To assist the forefoot rocker in the gait of patients with hemiplegia, we developed a heel
upper spring AFO (HUS—AFO) in which the foot part is equipped with an energy storage
system to support heel elevation during the single stance phase. In this pilot study, we
conducted a three-dimensional motion analysis in healthy volunteers wearing the HUS—
AFO and confirmed the occurrence of forefoot rocker.

Key words : Forefoot rocker, Ankle foot orthosis, Development research

SETFRPIELAE Vol Nod 2021 |




Journal of Assistive Technology in Physical Therapy p.15~20

OFEBIER

1.
= 5 [ LR 2 2H Al 55 (Medical Device Related
Pressure Ulcer : LT, MDRPU) iz, HEIZX 5

IR B E AR BIG A FHE LIIERITN T 5
M MNEERE RO TR

Ingenuity to ankle foot orthosis for prevent medical device related pressure ulcer: A Case Study

ANNFE L Frigss ?, P mc!

g B

[IECHIC] TR R & 2 R MR H A O 5841k, ARITHEE O i %> ADL @ H 37
EWITBHEEE BB [FERI] 60 MeACH M. GHUR MBI, /2 B, FIHIEEMIL. T Brs IV,
IERILFTE - ISR T o 720 [#RIB] 25 45 9% H 12 f dn e B A H IC B A58
HEL7e dRELTHBALZTR—F—%EH L. SEBRIIEHIC L 2MREEZHK L2, &
JNHZEBAEEER X, TRV MO FHFALE &~V PARIO 7 )b Mo 2 s TR
L7zo [ZBR] AL, BEREIC &) MRS TR AV MBI EN2Z L2 METET
WCHITHE 2 ER L 722 EHER EEZ SN, BREBERP T EAND LA TR
<y BRI ORE L MR LR L OMEZ M 2 LENF D 5. [#ER] RAHZER
PR IS TRV M2 TR 5 2 & T, AloFEEZR L L, HITOBE L BEREEIZD
BFHZEHTREE 25720

[F—7—R] EEMEESREEAN. 79 AF v 7B TREE, s

R WIRFEBERE S L A EREMEETH D XD Lo THELRRETH D,

ZETHOEHWERZRMT 2 7201230058
F -5 TC\w5b, MDRPU I, ftRk0OHET RbbHH
T #4155 (self load related pressure ulcer) &
XY ERMELIC L DEETEL D EE
WL T ROMMRIEG L ER S hTnb Y, —ik
JEPEIZ B 2 #5E D 9 MDRPU O 5 % #Hl4
1312.4% THY ., TONRIL. F7A(15.9%).

EFEHA Ny 2 27(1483%). RENTF 2—7 N5,

iFroic (88%). RWTTHEH68%) TH o727,
MDRPU D3 % 1Ed 5 2 &k, EEFEIE
XL EREOIRMII O 5 O EENEFEIC

EIRGESEHE T d 5 AL (LUF . PT) 5B 4%
95 MDRPU I THREZEEDZEIT LN L, THEER
3. WEFBEBEOSITHERICT L TIET Y A
LAV O ERBEERL TH S Y PT AN REH
FEHEC T RCE B oG HIC B b B HE R, (1313
H17953.4% Tdh o724 2O L5 PTHE
B B AR T A BB E W T LA

1 BEEEEINE) F—3 a3yt sy — Bgdf
2 ABREH: A1 R R fe Bt
HefaH $ 2021 4E 11 H 22 H PRIRER 2021 4E 12 H 2 A ZABAH :20224E3 H 31 H

” Journal of Assistive Technology in Physical Therapy Vol.1 No.1 2021

15



N " > -. - '/
X1 &1/%BEDMRIICL S FLAIR Ef&
HARR I 720 5,

—J5C, PR B P12 MDRPU 23584k L 72
WA ZIE. BATHE O F TR Activities of Daily
Living(LLF . ADL) HYZ . OERF & % 5729, &l
BT 2RO 5B, FTHRERIZL S
MDRPU i, BEEELHT L L. FEHIHE
CEREPRMERADOERLE L THESNTY
5%, L L. FTHZERIC X 2AMGHSE L7
BN & 2 BARNY 22 JE R GAT <2 D S TN 72568 58 7
E— SN AR EN TV,

A, il 2B X ) MDRPU 23384 L 72951
WZxt s 2 R AT & AR AR BER O TRIZOW
TS %,

2. fEH]

2-1 JEBIEA

60 A, AR & 2 /2 s, 45 1
#H O MRI %% B 112773, #Eio ADL 13
N HEMECHERPIIC Tk LT\ ie F—8—
Y VR EEEORR TH - 72

2-2 IEFAEEAFTE

IR & HALEHf O R E R LIRS, IH]
ZFfffild . Brunnstrom recovery stage (UL, Brs)
LB V-FH V- V.Stroke impairment assess-
ment set (LLT. SIAS) X 47 i CTH D . EKEEE
OMIEH IEfE 2 S, ER 1 8 THo72, Berg
balance scale(LL M, BBS)E 5 /A TH» Y. Func-
tional Independence Measure (2L T, FIM) (£}

16

=1 WHETHE & REFHED L
ME (B174&AB) &% (164%AH)

Brs
B \Y \Y
Fi5 \Y v
Th \% Y
SIAS
AEts 47 64
it 2 2
B 1 1
BBS 5 37
FIM
EED 33 83
BN 19 30
&5t 52 13
MMSE 29 30
SR REREE /L &L
A OBEHR HETF RS TEL
10 m &7
B 14.8 ¥
S 20 %
6 NEIHTT X b 220 m

Brs : Brunnstrom recovery stage, SIAS : Stroke impairment
assessment set, BBS : Berg balance scale, FIM : Fanctional
independence measure, MMSE : Mini Mental State Examination

JHH 33 &, FRAITHHE 19 5. AEF52 HTh o7,
Mini Mental State Examination (2L F.MMSE) i&
29 M. fo P Z2 R AR R B R e & OB IR
REREIIFRO % 05 72, H P OB EIRA IR T
ERENFLF ) Th o720

HAEEGIE, Brs B V-FV-TH V., SIAS
1364 HTHY . EEFEEOMIEHIZME 2 &, AL
B 15 THolz, BBS i 37 5i. MMSE I 30
M, FIM O EEBIEHE 83 &, RRAITHHE 30 &5, AF
113 A TH o7 HHOBERIE T 7L BT
FTIAFy 7EATHEREZMHHL THRENE
L BIRAF) Th o7z 2B, 10 m AT 14.8
. 20 4, 6 HIAATT A MiE220m TH o 72,

2-3 #B

FEGI DR 2 R 2 1R d o BHENNGRZ &R TH
16 7% H IS B BEmERT ) N ) 7 — 2 3 YRR
Wbt %0 £ 20 WH 2 OMHMMERDT I AF v
7RV A B L L CHEERM ST ) TOWAT
WEPARATIIE 2 BMG L 720 45 28 W H IZk T+ 75
ATy 7 TR BATET L7z, 5 36 9% H I fi b

SETFRPIELAE Vol Nod 2021 |




16 f5 2 28 i/ Bt F 1t A5 FRABLHE LEE 103 /%A 165 %5 A
EFip:EL R REILEE (2 & % MDRPU R4 £ BESERk BEERk

20 % H 367% A
famEa FiTHERN
BLHL SHITHIL
(PAFO)

X 2

96 %5 H 124 #%5H
TAR e
BEMEK BiL

BTG

MPBEABED 5B E TORRYI %R T,
PAFO: Plastic Ankle Foot Orthosis, MDRPU: Medical Device Related Pressure Ulcer

X3 MDRPU %40 HR
TERAV b EEAERE IR S % & O 7o A A A AT L
Fv, ZORECTHRITHY % £t L 7248, MDRPU 7%
L7,

PRAMHAL CHTRANTORTHENHA &
ol EBABHHIZTFRRAL N & NBEICHE 1L
72 i AZAGE 2.8 em M 0.5 cm @ MDRPU 37845 L
72 (R 8)o fifhEEADOR L, 2E L EZEIHE
BNz WL ICEAROY R—F —2EE LT
(B4). T EEOMRAFEIIOWTI Y7Ly
NOEHWTHAL, £17HE ORI % TG OE
(LR 57 &N BRI & 2R % AR A
E LI L 7zo 45 96 9% HIZ A A 25 B & $R i
L. 103 HWHICHFN T I AF v 7 TR
MEEW L 720 RANHZEEMERREORFIZ, ~v b
PAEREICHE 20 EOREHME B Z AT VLD

” Journal of Assistive Technology in Physical Therapy Vol.1

K4 BEUHUKREEREORIGHR
RHEFEPEEMN WL )T R -y —2FE L7,

12, TEREBON)V N 2@ B BEL D
LENICEH L AWM EICH YT 2 & (R 5-
a)k, THAXVIAMO7 )V M 2@E LD bE
C LCREDAMT 7B A B E A v &
ICTAHIE(REE5-b)D2HELRLZ. AN
FHSENAIIERCAGIIFEET. 124 7 H
WZBENAATHE.E 2 )L 165 HICHEREE L
o7z,

2-4 fRIEMECE
RIF7E 13 G B B A 2 B & O AR & 15 CHE it
L7 (K3EFE S  R3-109) 0 ARANDOFHIL, 1A

No.1 2021 17




b

5 AAREE/ERBFICTIRL Z3DE
5—a: PHREDV + & @T ¥ HHEEOIEEL ) SENTZEH L 2 WALEIHU) 13720
5-b 1 AL PAMIO 7 2 )b b ZEE LD bR L THREDA VT 72 RE I CBRERHLEL & PeAnak

i&lﬂ; 5 - [/f:o

EHOTERLFEEEICHEIZL D KHEZ 1572,
T2 AV UFESICHIoTERBL, BMADTE
WA ETE R WL ) F—FIZERILL 72

3. EX

3-1 MDRPU #4NEH

KR E L, MDRPU FEDOBEZERTH SH 2
EREESNTWD T, BERREE T, RERE
EPFRE TR SIWEPHEET LY A7 055
(¥, WEPmBEZIZBVWTY THERIZL 2
MDRPU 54 1CBIH L T 5 2 2 ASHRE Y ST
W5, BEREEL, BETERT I, EE0EE
TR BRI~ OEER, BT H % BT
B BEMELR LR T & EHAL S AT REN
b Y, ARG TIZ, IR AEG O RS L
BB ORI L D KEA80kg 25 63kg T
WAL T\, TORSE. BE % &0 /-8R
PEREL. FEEEFFICTRL M) REN
RI L2722 82T, EEEEIZLY) N
LR TEY., ZORETHITHE 25 L7
Z &2 MDRPU A DERKTH B LE 2 b/,
ZOZEMS, FEEAFEETLEIE, B

18

RO BEBALZT TR L WEIA S D
REZLRCRE T - IO O MR L. B
& DA T FHET 5 LEND B

F/o. BLELOMSEREIL. RAHZERELD
b MDRPU 7358 L 2§\ 2 i S hTw
%9, ZhiE, MEEEIARANDEKIZEHET
BRI EINL 0TI R, BREGEKEDORHES
PORMERFEE LR TWEEZ bND, KIS
BB fiianEE BA BB ICAIEG 584 LT
0. fiidn3ER & OBE AR LB I8 1L
OB S FRUNCEREZ/ER L, KAHERET
BATHE LR E2FETAHZ EDPVETIEI LRV E
#E25bo

3-2 MDRPU BAIEICE T 3%

MDRPU %[l 2 7200x5 &L LT, #E%
EHEHTABRICIE, R EATEEMN VLD
WY R—F — %A L TESET LI & LRFL
HThb, F7oo RAHEEERBEOMKIZ. X
WV N BRI E e E ORI E B E AT W
£ 912, PTREON)V N 2@ T o v RO
LD LRICER LW EICIY Fi75 2 &

SHETZEEELZAR%E Vol1 No.l mn1u




(M 5-a) &, FHNV MO 7 )V b & lE £
D HE L ThRiOMNIT 72 BRI CBRERMIE S & A F
BWEIIITHIE(HE5-b)D2 A TR,
INbid, SRIEEOER Y | - E A
EAHER LT 215720

PT 13, R EEO G AHRE L R D%
H. HIETHAAERCEREA. & 5121X MDRPU %
HEV A7 b EBLC. FANCEREICHRE -
HHER % L Ch bR 1 L ERI B 2 MR %
TAHLIENEETHSL, LT, BEEHRLIH
TR L CERDOZRERE NI D WTHA LR
BB T ILEETHL, 612, BIHE
DOERIC & DR KL, B TE 22 ED T
TDFEST BB H 5 2 & 0 BiRkEE

FIROPIFIZ L ) H A2 FEHTE 2 HIEND 5
kR EHPATLZEDPLETH D,

4. &0

fif Sl BAS F PP 2 TR N BERE R R B &
HRIAATLE »722 &AYEE T MDRPU 234
THAEBNCR LT RAREEAERETRY T
HaxTRT2ZETRBOREELZIFIEL. H1TH
S EOWEEIMEIL R HERIEIC OIS Z LA
TR & 7o 72,

5. Fl#FMEK
ARESCICB LT B9 X & Rl AR S B B 2 IH
X722,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

5IAXHE
AABEZEER): NA N TT 27 T4 A ERE SRS
FEEBIE OFRE & B - 6-22, FMAL, HE, 2016.
HEET, FERRT, SHE T, M EEH IR
BB 2 A B O A R R, TBAL, EAERE (B S), B
HONER, FE RS B SA4EE, 17 1 41-58, 2015.
BRBZ. MER A R4 v EEROPhb Y. &

#4455 31:149-151, 2015.
HARZR LMty s mibHE - 8k - £8

THEIC T 5055 & ERER A~ % B ~ . http//
www.japanpt.or.jp/upload/japanpt/obj/files/chosa/
sougu_h29_04.pdf(20214£11 H 1 H5H)

ANNF=, R, HH WO, B TREREICLSE
AR B ANE 2B 3 4 E A, Jpn J Rehabil Med,
58 : 828-836, 2021.

FH L EFICH & 4G9 72012, URL : https//www.
pref.saitama.lg.jp/rihasen/annai/byouin/documents/
sougu-panfu.pdf(20214F 11 H 27 H&HR)

i SF, EAEE  TREE - 7y M T B
FAHEBIZET T4 T4 v, HARFEREESEE,
31:161-165.2015.

Dyck, PJ, Davies JL, Wilson D, et al. : Risk factors for
severity of diabetic polyneuropathy: intensive longitudi-
nal assessment of the Rochester Diabetic Neuropathy
Study cohort. Diabetes Care, 22 : 1479-1486, 1999.
Klit H, Finnerup NB, Anderrsen G, et al. : Central
poststroke pain: A population-based study. Pain,
152 : 818-824, 2011.

N, VRS, PR, . AR o
T BB SUE IS BT A IR E b7 TVE
A & OBIFR. HARFRBEE Bt 1A

” Journal of Assistive Technology in Physical Therapy Vol.1 No.1 2021 19




20

Abstract :

Background: Medical device related pressure ulcer caused by ankle foot orthosis is a
factor that hinders the interruption of walking practice and the independence of Activities
of Daily Living.

Case: A 63-year-old man. Left hemiplegia due to right thalamic hemorrhage. Evaluation
at admission was lower limb IV for Brunnstrom recovery stage, superficial sensation and
deep sensation moderate bluntness. On the 45th day of illness, a wound occurred in the
area between the lower leg belt and the inner wall.

Discussion: It is important to check not only the protruding part of the bone and the
part where direct compression is applied, but also the change in body weight and the
condition of the skin and soft tissues before the disease. Also, it is necessary to evaluate
the compatibility with ankle foot orthosis.

Key words : Medical Device Related Pressure Ulcer, Plastic ankle foot orthosis, Lending

ankle foot orthosis
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Objectives : Problems in follow-up after the prescription of lower limb orthotics have been

pointed out, but they have not yet been resolved. This study qualitatively clarified the factors

causing these problems or hindering their solution from the perspective of physiotherapists.

Method : Semi-structured interviews were conducted with 9 physiotherapists working in

acute or recovery rehabilitation hospitals, home-visit rehabilitation facilities, long-term

healthcare facilities, or government agencies. The analysis used a continuous comparative

analysis of the grounded theory approach.

Results : Four major categories, 16 categories, and 58 subcategories that made up the

core category, “alienated users” were extracted.

Conclusion : A wide range of issues were extracted, including the lack of a systematic

education system from before and after graduation, lack of clarity regarding the

occupations mainly responsible for managing follow-up, and user side-issues such as

mental and physical functions and economic conditions.

Key words : Lower-limb orthosis, Follow-up system, Educational system
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Abstract :

[Purpose] The aim was to develop an improved walking device for sports and outdoor
activities for use by children with disabilities.

[Participants and Methods] A. Four physiotherapists, and one parent or guardian of each
of 13 children with cerebral palsy, completed a questionnaire on performance with
walkers. B. Five measures of performance by six children with cerebral palsy were
compared among walker type—an existing conventional posture control walker vs. a
newly developed walker.

[Results] Measures of directional change, turning ability, and pace were higher in the
newly developed than PCW model walker, with step elevation being significantly better.
[Conclusion] It was judged that the newly developed walker is an improvement on the
conventional walker for outdoors use and sports by children with CP.

Key words : Children, walker, gait, posture maintenance, questionnaire
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Abstract :

The purpose of this retrospective observational study was to demonstrate the influence of
years of Physical Therapist (PT) experience in charge on the time to prescribe the orthosis
for post stroke patients in rehabilitation setting. Sixty-one patients who were admitted at
a rehabilitation hospital were included in this study. The multi regression analysis was
performed to reveal the influences on prescription time by using age, motor and cognition
of Functional Independence Measure (FIM) at admission, severity of motor function in
affected lower limb and the years of PT experience in charge as the dependent variables.
Each of post stroke patients with dependent and independent of walking were divided
into two groups based on the PT experience of <5 and >5 years in charge and compared
the FIM total score at the time of admission, at the time of prescription of orthosis and at
the time of discharge. The prescription time was also compared. For patients who got
independent walking, the time to independent walking based on the prescription time
was additionally compared. The results of multi regression analysis revealed that motor
FIM score at admission and the year of PT experience in charge were significantly
influenced the orthosis prescription time from admission at rehabilitation hospital. In
patients who got independent of walking, patients whose PT in charge experienced >5
years were significantly prescribed earlier and significantly lower the FIM total score at
the time of prescription, although the FIM total score at admission and discharge were
not significantly different. Our results indicated the years of PT experience in charge of
stroke rehabilitation influence the time to prescribe the orthosis. This results may
indicate that educational system is necessary for inexperienced PT to decide to prescribe
orthosis without difficulties.

Key words : Stroke, Orthosis, Prescription, Physical Therapist, Experience
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Abstract :

Recent studies have highlighted the inadequacy of the follow-up system for the users of

ankle-foot orthotics in their daily lives. However, the current status of orthotic follow-up

and attitudes of orthotic users remain obscure. Therefore, the present study investigated

the 1) percentage of ankle-foot orthotic users requiring long-term care who receive at-

home care services, 2) current status of orthotic follow-up, and 3) attitudes of the

nonusers of rehabilitation services. The results revealed that the percentage of ankle-foot

orthotic users requiring long-term care who receive at-home care services was only 2.8% .

Therapists in the long-term care insurance field were actively involved in orthotic follow-

up for the at-home orthotic users. Among these users, 9% did not avail the rehabilitation

services. Although nonusers were aware of the need for orthotic devices, they believed

that regular orthotic maintenance was unnecessary. Therefore, this survey corroborates

the benefits of followup rehabilitation services such as home-visit and outpatient

rehabilitation, availed by the lower-limb orthotic users in their daily lives.

Key words : Follow up with orthotics, Ankle foot orthosis, Scientific research
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Abstract :

The purpose of this study was to clarify the content of guidance received during
hospitalization and the status of orthotic device management during daily life. We
surveyed 92 post-stroke survivors who were certified as needing nursing care about the
guidance they received at the medical institution where their orthoses were made and the
status of their lower limb orthoses. The most common condition of the lower limb orthoses
was foot pain when wearing the orthoses (29.7%), followed by Velcro wear (22.8%), and
scratches and redness of the feet (16.5%). The highest percentage of respondents (72.8%)
answered that they “did not receive any instruction” or “do not remember” about the
instruction they received at medical institutions during the service life of orthotics. About
30% of the subjects in this study may have ill-fitting orthoses, indicating the need to
devise methods and explanations at medical institutions regarding the service life of
orthoses.

Key words : Stroke, Orthosis, Patient management
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YM:%AMQ:%MV# (21)

” Journal of Assistive Technology in Physical Therapy Vol.1

= —m(\/29'2l2 + 1% —2¢01* + 20¢1° cos p— 26*1* cosg))2

mi* {26% (1- cosp)+¢* —20¢(1- cos )}
(22)

IRDEEE AN F—Tdh
EFFL.

Lo ROTZVDI
2o, Tyt T, %

T=Ty+T,

= %[Mlzéz +mi*{26° (1-cosp)+¢* —20¢(1-cosg)}]
(23)

LB,

32 RFLIvIIRIFX—DETE

WIZ, ROERTF V¥ VI A NVF—(U) %E
e b, SZTHRIRT Yy VAL F—IZ
m&%ﬂf%“?ah%1$w$_kﬂb%®
T, [U= mgh(m'a m XE)ER g xEHS h) T
EFSNDo Al BN L CHRATERI A
VTV E720, B L LB ICEE 2
Fili(g,) 7200 T < KFTI(g) THE R DAL
b, Thbb, M2BIZBWT, B M,
mIZBITBx, y FAIORET V¥ v VT3 F—
% Uy Uyyn Ups U, 2525, 22N

Uy,=Mg.h,=M-g sin y-Isino
24
=Myl sino siny (24)
UMy=nghy=M-g cosY [ coso
(25)
=My coso cosy
Umx= mg, h,=mgsiny - {l sino + Isinf3 }
. o (26)
= mgl{sma siny + sinf3 smy}
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Abstract :

The article describes about "Simplest Walking Model" proposed by Garcia and
colleagues expected for physical and occupational therapists interested in physics and
mathematics. The authors intend to explain in detail of the equation transformations and
other aspects of the mathematical model; therefore, it could help to understand outline of
the derivation deeply. If readers are motivated, please follow the derivation of the
equations by hand with a pen and papers. The article would establish the basic knowledge
of physics and mathematics to understand mathematical model of walking in the shortest
way and could have you to develop your interest further. The authors hope you refer to
technical books and other sources as appropriate, based on the mathematical terms and
solutions given in the explanations. If readers are a teacher or high school student who is
interested in college physics, we hope you will use this paper as a simple example of
analytical mechanics.

Key words : passive walking, inverted pendulum, analytical mechanics, Euler —

Lagrange equation
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Abstract :

This article describes the numerical computation of differential equations based on the
"simplest walking model," a mathematical model of walking proposed by Garcia and
colleagues. The process of transforming the differential equations derived from the model
into a form that can be computed numerically is presented in detail. The main readers
are assumed to be those who can run the program by themselves based on information
from websites, but are not familiar with the principles, and would like to improve the
program by themselves and acquire applied problem — solving skills in the future. The
specific program code is distributed as an appendix from the website shown at the end of
the text, so those who are interested are encouraged to run the program by themselves.
We hope that high school, university, and graduate students who are interested in
numerical computation, as well as their supervisors, will find this paper useful as an
introductory example of numerical computation.

Key words : numerical calculation, differential equation passive walking, equation of

walking motion
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