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Abstract; Rehabilitation engineering and biomechanics are naturally closely related, and biomechanics is the core
problem in many rehabilitation projects. In 2021, the latest progress in the field of biomechanics of rehabilitation
engineering is mainly reflected in three aspects: biomechanics of anthropomorphic design of rehabilitation
equipment and assistive devices, biomechanics of human environment interface, and biomechanics of human-
this review summarized the research

computer dynamic interaction. Based on the latest progress in 2021,

methods, main applications and existing problems of rehabilitation engineering biomechanics, and discussed the

future development direction.
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JE A% 8 I £ 22 5k FH 22 P W 6 ) A% Tt
EE R T IR I R o T S R i WA A s o P ES
Sasaki Z¢'"7HH T R B PEA TR 140 A 1Y R 1 ¥4
PEE S B I LA R BB 9 e 7 34 50 1
19455, BEAh, BT ] 2R R AR b (o 485 X e o
REGIKR TH LK, Jamshidi 2518 3 F 0] 27 3
A A A 1 T R T S B o ke ) R SR T
FE 31 g 1 WA e A9 T EDE M R AR, Dai S0 4R
W — A A R S A Rl LA Bk IR
SRS R TR el I i R G, (R, Rl
TIANJE VI e N A B T8 A= ) 3 2 () 23R R AL, B )
J7 R0 [ A R O 1 X AT SRR A AL A
ey i ay U] A I M B, Zhou 25V IF K& T — Fh B
(1) = 4 2k 7 A% IR N 3k 2 BROE 45 48 14 8 7
SRR T A R AR 12 A% A H D < e g Y AR R
BRZE 3. 2% , B U J A IR ZE R 5. 5% ~5.9%

B RS I B A R R AR R P Y
P, HJE 48 7 AR R 40 B S 0 A ) R
Ao BRI, AR LN 7 WA Lb Bz ik 2 T ) 4 fink

FEFIM 3~5 450 R e 3 AR 1 Ak S v A S
WIZAL A 12w b, A BTk P L T —Fh it
T H, AW BNEE ST T 5 W) = 44 R
TOAE R DL K Al i A 1 T S [ i T T 32 1 el A
T I TSR AR B FE AS ] i A 2 45 1 S5 R &
LR RE T 20 2R L ATG A 78 W 38 AL s g 422
il g, EL R R 4 ik ) AN R FH R A T Ak R
PRI PR LR 7, Steer S50 BE TR BRI 6
A BT AR AL BT, AR BRI 4598, Ah, 1%
AIF 5 3 AU 0 FH 7 2 00000 45 493 B, B PR R 4l 41
AR AR R M B R Sk A A AR

Y S ER RGBT AR & 5 T A
() 2 J AL AE I R R TR 4k 1) 107 FHATS A7 AE AR K
)& EAS ], E ] 2021 4F 55 —IH T HkEAL IR
JCHMT T B R A T B & 3R 12 AT i i 58 A
A TR R 2 B A BRI L] 45 Y
Pt RRHE P SC Rl B A R B B R
ff TR I E 2 BUSR 24 B U BFIE R, (1
A BRI 7 5 AE PPl N HIL A T A 280 AT 4K T I



EREMANE 378 $£5H 2025104
792 Journal of Medical Biomechanics, Vol. 37 No.5, Oct. 2022

HIHZ PR

(1) 7] BA 00 300 5 26 1 T 05 v 4 3R 4 4L 0 2
HEATPIRDL, CAPFFTIESEHA n a2 DR A
iz ghid fE sz JIE 0L, % B mRILIN 1 5 0% 1E
EENI I R AR 22 AR K b AR
7 AN VA ) 2 2 S R A A RS A O T, 4
SN ZWIR-A BROCER SRR, LR 4 R AL
fi S5 11 2L 2 A S 18 RS AR B

(2) AL I2A TR E 2, H AR
LU PR 22 SO, HL32 45 R IR R 1Y
S L T R A S, T B D 2 A B A
TIZEVEUAK I RE ™ A5 BAE 5 JRAF IS P 43
T R A S5 DR 2R A At L, 4 B — 1
AT T

(3) LG4 BROCTTIEAT /e A AT 53 I [8] 1
A HEA WS A R X LA R TR R R
SCEFAEO R —Fh I T HLES 2 2] 56 IR T4 & 1
BRI 32 M A S PR RE DR P 5 i, SR T
I Ak 5 1 A= ) 1 22 VR RE . fale , ASBIF 5 AT A
TR T —Fh AL 2 N IE S =2 B e S b sy
5 RS RER G S SR A T LA
PP RAE 22 B, 3 ek e 2 L P 28 44 A T 4% K
FIARE 45 il R AR PO 7 I B Uk 96 A AN [F]
AR AR itk T 1L 54 IROTAEBU AN RETS JE A4
ZESEPER AL, A BROCIE B 32 9 TR IR {1t
TREME
2.2 BRRIEFRENENNZF

TEIE R B AT AE I, R BRUE AR PR5E R 4
fi ) W — A7, G S BT AR W) ) s RS
WA

A b R R PSS B 1 B 2R ) s T AT
AT R EL O O, TR ARSI B | A S
SR BT R 1 B B IR R B A T AR Y
TG TE Iy Il 22— AR gy A ) e A BT Oy
5 RIT I IRER A MR B R BR- PR 1 ok 5 1 7 2
MRS R LB Y 22 57, 56 T AR R BTG 5 AR 4L
(A % SR, XA PR A R B 5 R R A
AR E SR T 48 S22, Peng 557 @07 2
BR-BPIE AR 22 WIMAR-AT FROCAR SR L, 7 A B IE
EESR LTS RO I BR N TR 2L LR W) T 243
WO Ji P A2 I R DG A e T R 25 R A 5 A

LU EAEH . Nouman %" JAE T IR & W7 I
S R BRI EE A B (E = 5 MPa) il il Y
AR AR R R ISR T RRE  FEAIREE 1 8RN )
TR X T B4R DR K 7 A R RN

AR, JE BR- PRI fl S B A= ) 00 2 A B AR
Sl 3 F BT 4 B R A O T AR AR )Tz N
Yang %57 #E 7 8 EL5 I BRAO R & A7 FROCAERY | 2%
TR IR, A AT i 55 S AT DA 5 R A R
TEBE A0 v W W {8 s 07, B 3 B 4 KURS . Fu
I R B, A AR 1 43 B R RE RS A R
AR T, AT FE AR FE B B R %A T, F
kg B s s R AUR . R IR AT R P B
TF& D7, Wang 264 5@ i A BRIC/ T & B, Bl &
PR 1 B P R VS 7 B 1 W A N A R K T
RIS, A S B B A
T EREL,
2.3 Ak BEEMATNEYHE

AR AR fish A 18T 189 A 490 00 24 A0 98 O AL
A TP AL, 5 PR AE T B e i 4 2 32
TR BRI A E AN, S5 KR
P MR 2 A1 U403 2 2 SO HE R 7 AR 32 fih
AW 15 VAN BURGE B, B P AR i
JEAEZAO B, R R AECS A BROC
GE Uk SRS T B3 B 8 S W A1 4 57 s A T Y
F15 A0 18 B0, S BTSSR R R G B4 N 8
Brown 257 SR A B G i 40 M AS [ 64k 10 4 4 2%
il ST AL R IR0 BE Y 25 e S5 R R IR, 5 AL g R i
FPHRFH L, PL AL A LA 48 RT LS B K A e 1
B IZMFE R A BRI AT e (B PR AR i 7
HAEEME, I MT IS RE5k
Y e 1, B o T PR B A2 e AR ) A i
D) 2% 1 DU 24 AP A e A A P03 1 [ 0 A
e 52 1 385 R 1 BT, SR AR s 42 32 i (R A1
A B IE SR AL T BEE I A
2.4 ANFISNEREMRBENEYHE

S-S AT Bz sl s A BE AT U 25 el
WHEhAE ST IR B @R AR R sh R B Y X )
REM RS 55 T OB 5 F 0 AU 1153

NAEREH BRI S48 422 fi 5 T RARLAE £ 28, W
WCFNRE S O T 2 7 AR AR TE AR A7, TR S A HIL S
15BN A%, AL R S AR B A P, W



FNE REIBEMHF 2021 EFRRHRE
NIU Wenxin. Research Advances in Biomechanics of Rehabilitation Engineering in 2021 793

A 53 0 o RS R R M EE LS TG L AT 2 IR 36
Bl A RO A S e R T A 9T, i WOR TS INAF &
UNCVIE S SN UE EAYE S (/g 152 i
T PE T T, Elstub 55070 98 25 1 il A 110 A8 ) 2%
L RERIF AT BTN e A IR Ui NP S 2 PN
it W RS D) e AN R T SR A A B R T ik
(S YNENER= S DS LRI SIN S FASTR S
1115, PN 2 A0 BT W S AT 0 5 G 1 1) A
XESF TS| A B4 B KRB e AT A58 403 458 1) At i A 15
127 S

3 ANMZEREHHZE

NR 5 B B T 76 A & A 12+ E AN, 78
B FPRA NS R AT s s 2 B, B AR
e s S H M AEY 2 EH LN &
B EAEHAE THRERSSME S AMEk
AAVER G, N HE 00 A ) T 2 i L
Xif L7400
3.1 ANZEMENHELEIEN

WF5E# — N, H AT 2R i i 4 . = e s gl i R
ge 765 2R 0 UL ACEE o3 B R O 150 2% B0 L X
ZRETEPAT A AZ AT 55 15 (1 A= W) ) 2 R B
i) , 38 3332 Bl 2 | 2 72 ML 300G 48 38 bR E o A
L E 74 AWLAS B AR 12 S RPN I 5
2021 4k = AR BAE LR 5

(1) 5PN 5 6 3. S8 85 B 1 F LR 0
BRI BE AR AR 22 5, OF HLBR G B 5 ) B )
SVE B A M EE PO IEIEAT A, Acosta 2
PRITERICY By J1 A0 8847 2 2 A8 v 4 JUL PR 98000 A
2, KIB TI T 60% 521 76 35 57 B B O HE Rz L
PTG PG, 80% 21 2 77 R it B 71 386 i J B s UL
[ 4 0, s R R, A B b, A
iz R L IR AT TR R T o B 4%

(2) 3 s 20 1AM (BB 2R B AR AT H O
FE BT 55, 3 2 I8 3 i 20 45 R b A AR
XoF N B A TS0 . Gaffney 2517 ¥R 5% ZE A [ 1
IR AT A -3 B B AT 55 I B AR ) g 2 A A
B A BB 5 B A vy Y B SR 1) B
FEN AT 8 V5 PN T A4 RN i B 2 18] Y 67 g A% 2 38
T, Ak, Emonds B 5T R B, BN SR A A &
388 38 T R T o B K A L DA R R AR R

XFFK

(3) AN R AR % . AR 32 Bl AT 55, (B B 28 3
L AR N AR 2% vp b T op e O X T RS
SO AR B 5 AU 38 T, Elrod 25 38 5 AR 5T
TS FRAR A 3 AF OG04 RE 12 W Uk 4 R A -
S A AR FH & B, I A e B R 5T o ) 38 AR
e B B A AR R e ] ke 22 o WA A v o 2 AT
A RAER W VL 1) A AE AP £ O] A AL
TR B B 3 10 AU R 38

(4) BB R BT B w2 s B
s FB ) SRR AT R R DU P
J45% ., Hadj-Moussa %% RELLEAR T 5% M {1 FB 27 3,
HHE AW 1N R, RIS R 2 R 5K
W, n3E Ao R A A R G Bl 0 A DR v
AP VERR , IR AME B LR B PR R B A A
AT HSMY T, BRI E BB T R i
I 2 T B AR ) 01 2 P AR G I I R R
B BE I BE AR RIS 5555

JETEA: W) J7 5 52 90 2 I 1) BT B v
i (HUE TN RE S WLAE IS AR TS e b G Ol . A
I Wk DR 2= I I A TRk A% T 7 2 A1 37 5
SCIL T ANEAK 2R A A W SEREPE AR B IE 2 R R
W %07 TR LA B i e
3.2 ANXERIEIEIGE

NARIB BB B 53 B 07 125 00 e A A5 H AR
NGB R Y E BB X VA ) A - S TG 57 S S N
(1) 4 J& SV ) A 7 MUAMSE AL RN AR L 3R e
AU HE A AAURE AR i b UL IR BT R R L
AR T RE RN AN B % (ILE 2) , b4t
Z 7L AR PR 45 R R B U ik 1T S
B, HERBE R R SE 5 E I K
A EL , AW A B 132 Sl 5 B AT ANME 46 50 T
R B py 2k A B, i R AR T ORE BIL AR Y
AT

ANHLHE & 88w T B A R 4 1Y T
Mosconi %51 # £ AHLHE & B8, BT MATLAB R
FHAE ) 2 7 558030 %0F B0 AT 0 L GRS b i
BEBH TR B9 A %L, Farhadiyadkuri 257 £ % A
VTN DB B 52 B 8l g 5 AR P AR B AN E 1 1]
BB — B T S IR A N B R
WL IR L A MEBE . McGeehan 451 I 42 57



EREMANE 378 $£5H 2025104
794 Journal of Medical Biomechanics, Vol. 37 No.5, Oct. 2022

MR BB H X 4T

ABLERTT X

ZARBE

ZEAERR
R H MR R

EX/ Wk 2R

o mems

( N T eprp——— )

B2 AWBEERRIRAESTRE

Fig.2 Flow chart of human-machine coupling model establishment and simulation

B AR B IE 10 3y g 27 40 25 B AL £ X 7 ESR
AL 0 A2 - e I ) 4 i g 2 5 0B, S BRABUBE 19
M i S AR 79500
3.3 AZEHRAEHIISHEE

ATz g2 sl A2 18 bR, HUD 5 e &
THFESR A 1 4l B R BE AN AL AZ B A 2% WA A Y
A o BN, B3 AR BT R R R o
AR HE A ARG RE 2 T G , 215 B2 e Dy DR 1
WP R AR ST AR RE T 43 LI
TFIARRE , B AL & AR S0 SRR BT A8 S0 3 F
I T A 2 A A BRI RE Y 15% ~30% ;I
R WIR I AE, T Z T 4R, USRS
XA AT R BOR . T 7E B TR A A HLZE H
J i, HLAK D) 5 e R B — 2 A, nT T
BT AP A AR SE A sk AR IR 1Y R 15
18 SRS N ARIILIA BE B IHAE A RDLA D AT AL
SEHREFERE S0

TR RE I fe i Y RE B T AR b 2 — , 24K H

e 485 I R T B I S R A e AN AR A R T R
FMifS, Shepertycky 25 BF5E & B, Jozh J1 M B
Ao A5 4kt B A A N A5 AT AR I RE S S R AR (2.5 =
0.8) %, Clautilde "7 5T % BL, 1 B AR R A6 4 1
PRAL T DL 2 AR B 2 8 H 3 b i A
A, ULAM, LA BE & T FEAE iz g ad B2 b AR i T #E
TE L A, — LB ot A A L R S A5 R AIG
T HFR LD Y Rl O Sk SR AT RN A1 Y Bl
ORI BT, WL BERE A BEE 1 i A B A AR
MWL RLIEA T3, 76T 5 LA RERE I 75 LA 4
R FE R LR 4G 124 S50, I K R - pR AL
KR WA P 274 5 e %, HAv, 8 g 2 sk
2 T LAAR BN A Az 4 1 7 vl 25 SR I 40 26 1 A e
Ak (HH I 5 5 = T RE M AR AR — R
JE PR TE F I ik 3 A A AN kg ARG i JEOBR S 1 L A1)
He g

ZE LTRSS AR A ST AE B A TR U N 2
A EEW N FHANE, H H RTS8 AR TR 50,



FNE REIBEMHF 2021 EFRRHRE
NIU Wenxin. Research Advances in Biomechanics of Rehabilitation Engineering in 2021 795

A, wT 25 ML A W4 g R RE B 22 1] B4 pR B0 &
& TR, 2T ARAE AL WA ) A 4R AE R 2 L
P RE T FERI AT TR

4 Bz

ISy ==|

ARICLFAR T 2021 AE LR BRE T4 1241
BOFT T e . Y AT RS TR M Y 3 n) 2
— S N v R A 1 A A L 5 AR A ek A
IS e R b LW SR ORI B, TR
AIRGENARA W) 12 WLBE 76 B A 15 4% Fn i HL i it
H RIS B T AR #EAR TR 1Y 1 7 45 Rk e,
B tm AL R R fE R E & 5 B0
AT, 7 4 T A B 08 A 40 0 7 VAl AR RO T s 4%
FH RS IC LA BT FIREAR AR — ki 4 & A 3
BAHEEEN,

gt RMaA LA EFE AR
AFHE ERAMF L REFRLE T FA 2 #®
AL FE it i

S Xk

[ 1] 43 ESEEThAED ¥ [J].
2021, 36 (5): 676-678.
NIU WX. Biomechanics in active health [ J]. J Med
Biomech, 2021, 36 (5): 676-678.

[ 2] ALI A, FONTANARI V, SCHMOELZ W, et al. Systematic
review of back-support exoskeletons and soft robotic suits
[J]. Front Bioeng Biotechnol, 2021, 9. 765257.

[3] CHENG KW, PENG Y, CHEN TL, et al. A three-
dimensional printed foot orthosis for flexible flatfoot: An

B= I AW 01 2,

exploratory biomechanical study on arch support

reinforcement and undercut [ J]. Materials, 2021, 14
(18): 5297.

[ 4] MCGEEHAN MA, ADAMCZYK PG, NICHOLS KM, et al.
A computational gait model with a below-knee amputation
and a semi-active variable-stiffness foot prosthesis [J]. J
Biomech Eng, 2021, 143 (12). 124502.

[ 5] WILLSON AM, RICHBURG CA, ANDERSON AJ, et al.
Evaluation of a quasi-passive biarticular prosthesis to
replicate gastrocnemius function in transtibial amputee gait
[J]. J Biomech, 2021, 129. 110749.

[ 6] STEER JW, WORSLEY PR, BROWNE M, et al. Key
considerations for finite element modelling of the residuum-
prosthetic socket interface [ J]. Prosthet Orthot Int, 2021,
45 (2): 138-146.

[ 7] GAFFNEY BMM, VANDENBERG NW, DAVIS-WILSON

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HC, et al. Biomechanical compensations during a stand-

to-sit maneuver using transfemoral osseointegrated
prostheses: A case series [J]. Clin Biomech, 2022, 98.
105715.

MCGEEHAN MA, ADAMCZYK PG, NICHOLS KM, et al.
A reduced-order computational model of a semi-active
variable-stiffness foot prosthesis [ J].
2021, 143(7) : 074503.

MOSCONI D, SIQUEIRA AAG. Simulation of impedance

control applied to lower limb exoskeletons; assessment of

J Biomech Eng,

its effectiveness in assisting disabled people during gait
[ C]// Proceedings of 43 Annual
International Conference of the I|EEE Engineering in
Medicine & Biology Society ( EMBC). Mexico. IEEE,
2021 ; 4694-4699.

XILOYANNIS M, ALICEA R, GEORGARAKIS AM, et al.
Soft robotic suits. State of the art, core technologies, and
IEEE Trans Robot, 2022, 38 (3):

swing phase

open challenges [ J].
1343-1362.

FRANKS PW, BRYAN GM, MARTIN RM,
Comparing optimized exoskeleton assistance of the hip,

et al

knee, and ankle in single and multi-joint configurations
[J]. Wearab Technol, 2021, 2. el6.

KAUFMAN KR, BERNHARDT K. Functional performance
differences between carbon fiber and fiberglass prosthetic
feet [J]. Prosthet Orthot Int, 2021, 45 (3) . 205-213.
QURAISHI HA, SHEPHERD MK, MCMANUS L, et al. A
passive mechanism for decoupling energy storage and
return in ankle-foot prostheses:. A case study in recycling
collision energy [ J]. Wearab Technol, 2021, 2. e9.

LIN J, DIVEKAR NV, THOMAS GC, et al. Optimally
biomimetic passivity-based control of a lower-limb
exoskeleton over the primary activities of daily life [ J].
IEEE Open J Control Syst, 2022, 1. 15-28.

ZHOU TC, XIONG CH, ZHANG JJ, et al. Regulating
metabolic energy among joints during human walking using
a multiarticular unpowered exoskeleton [ J]. IEEE Trans
Neural Syst Rehabil Eng, 2021, 29. 662-672.

ARMITAGE L, TURNER S, SREENIVASA M. Human-
device interface pressure measurement in prosthetic,
orthotic and exoskeleton applications. A systematic review
[J]. Med Eng Phys, 2021, 97 56-69.

SASAKI K, GUERRA G, LEI PHYU W, et al. Assessment
of socket pressure during walking in rapid fit prosthetic
sockets [ J]. Sensors, 2022, 22 (14) . 5224.

JAMSHIDI MA, ESMAILI S, AZHARI F. A case study on
the value of in-socket force measurements in gait
[ C 1/
Proceedings of 44™ Annual International Conference of the

monitoring of lower-limb prosthesis users



796

EREMANE 378 $£5H 2025104
Journal of Medical Biomechanics, Vol. 37 No.5, Oct. 2022

[20]

[21]

[22]

[23]

[25]

[26]

[27]

IEEE Engineering in Medicine & Biology Society (EMBC) .
Glasgow: IEEE, 2022 4237-4240.

DAl X, YANG Z, WANG Z, et al. A portable pressure and
force line trajectory measuring system for unicondylar knee
[ C1// Proceedings of 43"
International Conference of the

arthroplasty Annual
IEEE Engineering in
Medicine & Biology Society ( EMBC). IEEE,
2021, 1448-1451.

WANG K, CHEN Y, HUANG S, et al. Subcutaneous fat

thickness remarkably influences contact pressure and load

Mexico;

distribution of buttock in seated posture [ J]. J Healthc
Eng, 2021, 2021 4496416.

ZHOU GP, LIAO ZL, ZHAO R, et al. A force decoupling
method for simultaneously measuring vertical and shear
force [J]. IEEE Sensors J, 2022, 22 (17) : 16820-16827.
LUSTIG A, MARGI R, ORLOV A, et al The
mechanobiology theory of the development of medical
device-related pressure ulcers revealed through a cell-
scale computational modeling framework [ J]. Biomech
Model Mechanobiol, 2021, 20 (3) . 851-860.
WONG DWC, CHEN TLW, PENG YH,
Instrument for methodological quality assessment of single-

et al. An

subject finite element analysis used in computational
Orthopaedics [ J]. Med Novel Technol Dev, 2021, 11.
100067.

MAZUMDER O, PODUVAL M, GHOSE A, et al. Walking
pole gait to reduce joint loading post total knee athroplasty .
musculoskeletal modeling approach [ C]// Proceedings of
43" Annual IEEE
Engineering in Medicine & Biology Society ( EMBC).
Mexico: IEEE, 2021. 4605-4610.

A3CEE, A, SR, SE. B RERIU R i ST - IR
Wizl [J]. RIS (BEAERR) |, 2021, 42 (5) .
581-588.

BRSCHR, KRS, T, 4. FETHLE ) S IRTa &0
TIBBR B Z A ) 1 A R R VY [J]. BERAY
2, 2021, 36(S): 352.

CHEN Y, SHEN Y, WANG K, et al. Mechanical analysis
of deep tissue injury during sitting in patients with spinal
[J].
Biomech Model Mechanobiol, 2022, doi. 10. 1007/s10237-
022-01607-z.

B, kW] A CRAEY I (M. B BESSE R
SR, 2017 123-140.

AREY, AL, SRAEAE, G5, SEIRERAAER LU LA BRI
IHESHEITE [J]. BERAY %, 2022, 37 (1) 59-65.

LI YQ, HUANG SJ, ZHANG BH, et al. Force transmission
mode of foot ankle in children with Down’ s syndrome
during standing [J]. J Med Biomech, 2022, 37 (1) 59-

International Conference of the

cord injury via parametric finite element model

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

65.
PENG YH, NIU WX, WONG DWC, et al. Biomechanical
comparison among five mid/hindfoot arthrodeses

procedures in treating flatfoot using a musculoskeletal
[J1].
Methods Programs Biomed, 2021, 211 106408.
NOUMAN M, DISSANEEWATE T, CHONG DYR, et al.
Effects of custom-made insole materials on frictional stress

multibody driven finite element model Comput

and contact pressure in diabetic foot with neuropathy.
Results from a finite element analysis [ J|. Appl Sci, 2021,
11 (8): 3412.

YANG Z, CUlI C, WAN X,
combinations effects of running shoe on plantar pressure

et al. Design feature
during heel landing. A finite element analysis with Taguchi
optimization approach [ J].
2022, 10 959842.

FU F, LEVADNYI I, WANG J, Effect of the
construction of carbon fiber plate insert to midsole on

Materials, 2021, 14 (18):

Front Bioeng Biotechnol,

et al.

running performance [ J].
5156.

WANG M, LI S, TEO EC, et al. The influence of heel
height on strain variation of plantar fascia during high heel
shoes walking-combined musculoskeletal modeling and
finite element analysis [ J].
2021, 9. 791238.

KO ST, ASPLUND F, ZEYBEK B. A scoping review of
prosthetic

Front Bioeng Biotechnol,

pressure measurements in sockets  of

transfemoral amputees  during  ambulation. key
considerations for sensor design [ J]. Sensors, 2021, 21
(15) ; 5016.

BRE, Z0h, (TRPE, 55, BRI 2 IR - SR ok 3T
HSARITAT [J]. BEHAY J1%%, 2021, 36(6) : 923-
928.

QIAN Y, LI XW, HE BZ, et al
analysis on hip disarticulation prosthesis socket-residual
limb in stance phase [J]. J Med Biomech, 2021, 36 (6) :
923-928.

BROWN N, OWEN MK, GARLAND A, et al. Design of a

single

Static finite element

layer metamaterial for
transtibial amputees [ J]. J Biomech Eng, 2021, 143 (5):
051001.

ZAE, Wik, &, . BT IE RGEK IR
TR A ) S R [ D] ERAY A,
2021, 36(S): 373.

ELSTUB LJ, FINE SJ, ZELIK KE. Exoskeletons and

exosuits could benefit from mode-switching body interfaces

pressure offloading of

that loosen/tighten to improve thermal comfort [ J]. Int J
Environm Res Public Health, 2021, 18 (24) . 13115.
HADJ-MOUSSA F, NGAN CC, ANDRYSEK J.



FNE REIBEMHF 2021 EFRRHRE
NIU Wenxin. Research Advances in Biomechanics of Rehabilitation Engineering in 2021 797

[41]

[42]

[43]

[44]

[45]

Biomechanical factors affecting individuals with lower limb
amputations running using running-specific prostheses. A
systematic review [J]. Gait Posture, 2022, 92, 83-95.
EMONDS AL, MOMBAUR K. Asymmetry
dimensional sprinting with and without running-specific
prostheses [J]. Symmetry, 2021, 13 (4) . 580.
ACOSTA-SOJO Y, STIRLING L.
muscle activation patterns during early adaptation to a

in three-

Individuals differ in

powered ankle exoskeleton [J]. Appl Ergon, 2022, 98.
103593.

ELROD JM, SCHNALL BL,
Biomechanical

MAUNTEL TC, et al

characterization of the foot-ground
interaction among Service members with unilateral
transtibial limb loss performing unconstrained drop-
landings ; Effects of drop height and added mass [J]. J
Biomech, 2021, 127 110701.

ARENS P, SIVIY C, BAE J, et al. Real-time gait metric
estimation for everyday gait training with wearable devices
in people poststroke [ J]. Wearab Technol, 2021, 2. e2.

FARHADIYADKURI F, POPAL AM, PAIWAND SS, et al.

[46]

[47]

[48]

[49]

[50]

Interaction dynamics modeling and adaptive impedance
control of robotic exoskeleton for adolescent idiopathic
scoliosis [ J]. Comput Biol Med, 2022, 145. 105495.
SHEPERTYCKY M, BURTON S, DICKSON A, et al
Removing energy with an exoskeleton reduces the
metabolic cost of walking [ J]. 2021, 372
(6545) : 957-960.

CLAUTILDE N, MAXIME R, SOFIANE A. Impact of the
choice of upper limb prosthesis mechanism on kinematics
and dynamic quality [ J]. Med Eng Phy, 2021, 94. 16-25.
CHEN L, CHEN C, WANG Z, et al. A novel lightweight

wearable soft exosuit for reducing the metabolic rate and

Science,

muscle fatigue [ J]. Biosensors, 2021, 11 (7). 215.

YE X, CHEN C, SHI Y, et al. A time division multiplexing
inspired lightweight soft exoskeleton for hip and ankle joint
assistance [ J]. Micromachines, 2021, 12 (10): 1150.
ZHU Y, WESTON EB, MEHTA RK, et al. Neural and
biomechanical

associated  with  human-

Appl Ergon, 2021, 96.

tradeoffs
exoskeleton interactions [ J ].
103494.



