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A study on effect of virtual actuator in optimization calculation for muscle force estimation
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The reserve actuators used in the Residual Reduction Algorithm of the musculoskeletal software OpenSim generate
forces instead of muscles. In this study, we verified range of reserve actuator settings that can appropriately estimate
muscle forces. A healthy adult man walked during the experiment. The results of the estimated lower limb muscle forces
during walking indicated that the biarticular muscles, including rectus femoris and biceps femoris LH, and the
monoarticular muscles which have many muscle attachment points, including gluteus maximus and psoas muscles, were
not affected by the reserve actuators. While the monoarticular muscles, including soleus muscle, gastrocnemius muscle,
tibialis anterior muscle, and biceps femoris SH, which have few muscle attachment points were easily affected by the

reserve actuators.
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DIED, AL T F— RREDEETAB LTV % OpenSim®@23 A < & TV 5. OpenSim % F\ =i B
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BRI 5 X 9IT A—2FHEEATOLEN DD . WEBEMITIIA T — U v TH%ROET NV EHFERET—
3 XX SF v OERT—F EHNT, BEESAESREOEYE T — 2 2R T A TR THL. Ar—) 7L
EEVET O OO TRRZ R, BT — A2 MBXOWI - IiEHEEORHAEIT) ZENAREL 72D, L
L, WHEEFRRITIC L o TH D AVCERY T — 2L, IR IS N TR &b EV. D7),
Residual Reduction Algorithm (RRA) % HEffid 2 Z LIZ LV ET B L ONER ST — X 25 ET 5 TREZ R,
577 - BIEHEEOFEEAEIT 9. RRA IZBWTIEIRI R RS Ot E2 A bE 57290 D Residual actuator & 7554 D
KO VIZEFT NV EEET A 7-5D Reserve actuator D 2 SOIEIRT 7 F o o—X #HETH. RRA EMiBITRE
NDEESOEZIRE L 5 Z & T RRA (28T 5 Residual actuator DfEZ EWUNIFHE 2 Z LIZARETHD. —
J5C. Reserve actuator {ZIZHUNIFRET DL 72V, ZF 2 TARIFSE T, EE A B0 E T & TR
& L, OpenSim @ RRA (23 CTHEELD Reserve actuator DR EIZ LV FRFHESZHEET 5. B o7z PR
T OFERIZIEES T, RRA O Reserve actuator DR EDHEIHEEIZ G- 2 DB AT 5.
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THPERT e N EXtg e T RMBEELZESORRBLEL L LI, b UOHEREIC 0tz b
Z, REES. GRSV TIE, A= RocEEMT 25 (Vicon #1384, Bonital0) &R JEF (Kistler #18,
9286) 2 Kr& Mo, & 3600 mm OBATEE LIZAE C—H B DR IIEE, AT M B DR ITGH Ete = &
MTEDHEHIT BLE L. AFHANZRBW T 2 MORKITEERAWTERY, AHOEN—K B ORKINZHH
LT BRI OB TR T 5 £ TEMTIXM & L7z, K= 0onBfEifrissE, IR Etos >
7V 7 TEWEITIEC 100Hz THDH. FHHEIAT, Plug-in Gait lower body ~—ht v M &M L TSMMED FHEIC
16 HOKF~—J %0 £+ L7 SIFICK L TIE, AIRBARRY —EDAMETA F 7/ —2 110bpm ([ZHDHE
THIET D KO faRL, #RE OBEATEZFHI LT,

3.  OpenSim ZRAW-FsRIHETE

IR OHEEIZFW T OpenSim 3.3 24l L, Tﬂiﬁ%ﬁ%@ﬁﬁm:ﬁﬂﬂ 72 gait2392 TN E WO, R r—
U ZIZBWTIE, gait2392 FEET VOB OEESM MR LT EERAr—Y U 7% OE &S OE &

IC—%9 % X 912, Preserve mass distribution (PMD) DFXE% ON & L7=. TrEI&ET IV OYEKRHNE/IMESR (Scale
Factor) X =H#li9-_COHFANIK LT, NIRRT LT gait2392 IZHEET L OH R 1.80 m (ZxT D #rE D&
BB IR E LIz, ~— I OEASIT (Static Pose Weights) 1THEEREDE E & L.

participant’s height[m] 1)

Scale Factor =
1.80[m]

T, SMTHOFEY~ — OB X 2 FEL LSBT — X AT D720, MBI AT o7 EBIT,
T VOENEEAPEE L 2728 Residual Reduction Algorithm (RRA) %34T L7z, RRA (ZEBWCHEHT HIRAET
I F a2z —HITIE, gait2392 ET /THERELE(HE S 172 ait2392 RRA Actuators.xml # V=, (ART 7 F 2 x—
ZVNE, R T — 2%t L CFR R BEA % & 5729 @ Residual actuator &, AiRIOR I 0 IZET /L% BRE) <
% Reserve actuator O 2 FEREHN G £ TV D, ARBFFRIZEVTIL Reserve actuator D% EE A3 1 1277 5 S
% E L RRA % 5Eifi L7=. RRA {23V Tl OpenSim @ Users guide (ZF0# SN 7-BEAZ 2L, FHHAZ D Residual
force (FX,FY,FZ) ZNZILOFEIEH 15N LLF, Residual Moment (MX, MY, MZ) ZALZHLOFEIEA 50 Nm
UTFERDEDIC, BT VOEESH & Residual actuator @ Optimal force 7% L7-. F£72, RRAIZBW T/
A RBREDTZH 6Hz D —/3A 7 f )V H B ZITS> TN D, ZDT%, Rttt L > THEAZFE N Lz, &
ML RIS X VS D=2 TSR T 2R 1 OHEERE R 2K 1 1R

# 1  Condition of Reserve actuator (Nm)
Condition A Condition B Condition C ~ Condition D  Condition E

Hip flexion 30 150 300 450 600
Hip adduction 20 100 200 300 400
Hip rotation 10 50 100 150 200
Knee flexion 30 150 300 450 600
Ankle dorsi-flexion 30 150 300 450 600
Subtalar 10 50 100 150 200

Mtp 10 50 100 150 200
Lumbar extension 20 100 200 300 400
Lumbar bending 20 100 200 300 400
Lumbar rotation 20 100 200 300 400
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4. R
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L7zIEHUE LR 2Rl e LCnd., X1 XD, 3 TOMITBNT, WINORETBW T HIHTEEIATER
632 24 22 VRO FATHR O I 2FEEi RO 2 A I 7 L —BLTRY, HiRIORE ST
trinler & 7% OpenSim % AW THEE L7ofE RO & —E L T 5.

1 £V, Reserve actuator DFXEMBDEVICEH T2 &, HHOMNEFERBIDRNEHBEHCTHDE T A, BEE
i, AIRSEAG, RBRCBEAVESHIISIC XD AR N KRE SPRICRNLTEBY, 2 bDMITHT DR OHEE
FESLS Y72 Reserve actuator DR EMEZ T A Z ENEFE LWEEZ BND. —JF, B TH D KIRE
i, RERZSARG RIS, HLBIEIAN Cldd D 3O RS < BRIE SV TV D KRN, IBIERIE Reserve actuator
DREMIC L DHBEZ TSN ERENT.

AW TIE, fEE RN BEOBE R TE2MATIZ & L, OpenSim @ RRA (235 THEELD Reserve actuator DF%
EWZX 0 TSRS ZHEE L=, 15507 A E I OFERIZEE-SV T, RRA @ Reserve actuator D% E D RS
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(g) Gluteus maximus (h) Psoas

1 Results of left lower limb muscle forces.
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HEBIZ G- 2 D BERAE LT, ML > THIENOHEERENELT 20 E 2L LW fEEd c& TR,
St I3 L EH R 1T D Reserve actuator DFRE & G CEUI 723 E T IEIC DWW TR L TW S LERH D .

X 73

(1) A : SIMM, ARMO, AnyBody (= & ZEIEMEAT, /34 A A U =X L5258, 33(3), 205-211, (2009).

(2) Delp, S. L., Anderson, F. C., Arnold, A. S., Loan, P., Habib, A., John, C. T., Guendelman, E. and Thelen, D. G.: OpenSim: Open-
source software to create and analyze dynamic simulations of movement, IEEE Transactions on Biomedical Engineering, 54(11),
1940-1950, (2007).

(3) Delp, S. L., Loan, J. P, Hoy, M. G., Zajac, F. E., Topp, E. L. and Rosen, J. M.: An interactive graphics-based model of the lower
extremity to study orthopaedic surgical procedures, IEEE Transactions on Biomedical Engineering, 37(8), 757-767, (1990).

(4) Umberger, B. R.: Stance and swing phase costs in human walking, Journal of The Royal Society Interface, 7(50), 1329-1340,
(2010) . DOIL: 10.1098/rsif.2010.0084

(5) Trinler, U., Schwameder, H., Baker, R. and Alexander, N.: Muscle force estimation in clinical gait analysis using AnyBody and
OpenSim, Journal of Biomechanics, 86, 55-63, (2019) . DOI: 10.1016/j.jbiomech.2019.01.045

[No.22-1] BAREMFSR 2022 FEFRKE (20229.11-14, BILKF]

© 2022 The Japan Society of Mechanical Engineers -S115-01 -



