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Abstract: Objective To compare and analyze the lower limb muscle activity and knee joint force during the
stance periods of gait cycle in patients with osteoarthritis before and after total knee arthroplasty ( TKA). Methods

Based on the OpenSim platform, lower extremity musculoskeletal models of one healthy subject and three
patients with osteoarthritis before and after TKA were established. A three-dimensional (3D ) motion capture
system and a force platform were used to collect the lower limb kinematic data and the ground reaction force
during walking, which were used as input parameters to simulate the lower limb muscle activation and knee joint
forces. Results The results from the musculoskeletal model were consistent with the results by inverse dynamics
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based on the 3D motion capture system. The patient’s rectus femoris was activated in the loading response and

mid stance phases, which was different from that of healthy subject. The activation timing and amplitude of the

quadriceps muscle in 3 patients were significantly different before and after TKA. The peak joint forces of
3 patients before TKA were 2.95, 3. 15 and 3. 43 times of body weight (BW) with the constant load of more than
2 times of BW during stand phase. The peak joint force after TKA were 2.09, 2.48 and 3.96 times of BW
respectively. The joint force was not improved and the knee function did not reach the normal level six months

after TKA. Conclusions The results of the established musculoskeletal model have certain reliability, and this

model can provide a biomechanical auxiliary method for TKA surgery in the future.

Key words: total knee arthroplasty ( TKA) ; gait cycle; musculoskeletal mode; muscle activation; joint force
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Fig.5 Tibial plateau force of all subjects (a) Tibial plateau force of healthy subject and patients

with osteoarthritis, (b) Postoperative tibial plateau forces in three patients

JL PR, Tk e e S5 6 o 8 o R AT e R AR K
AR S AR e e 7 4 A S i
BRI A B A LA 0% 5 Perry 52 £ 1L
H S0 5 SRR A SO RN T R 2 il 2P A
B R T LA T s BY OB RE A Perry
SEUCYEL UL SR IR 25 RUR £ 44 2R T TS 1
ANTR] A4 L PRt 2 A ] 32 30 i I a2 2R i AR St
BAREET 1 B2 E WU, W RE BT A SR
LR LIS A —E IR (E 22 57 . AWTSE

80 60
> D 40
40 i e
R -
5T 20 B

0 20 40 60 80 100
LA %
(a) fRRESZ A

B6 14MHEAPRBEXTEMENE

AR %
(b) &1

0 20 40 60 80 100

SN i NP e A LI - N RS N E e T 1
S LS 1) 22 5 725 WURE P fe o WA, BE DY Sk 0L
Jesd 2B AR R SCTILIA, 25 S g I A R
A AR SCEEARBEOCT JE s 5 7 (ILIEL 6) , Ui ]
SBEERATAELAT 0 JE A REAS AL, D Sk LT
REARIA A HE AT, Jodk OR B IE W AT E DI fiE, X 5
SCHRL 17,27 ] ot FARJE TR D REK A 7 22 6
MABHW AR, ARG F AR 6 1~ H, &)
s b — 20 B LIRS T IR RE

HEBIRE/C°)

0 20 40 60 80 100
B RI%
(c) B2

0 20 40 60 80 100
A%
(c) B2

Fig.6 Knee flexion and extension activity in a gait cycle (a) Healthy subject, (b)Patient 1, (c)Patient 2, (d)Patient 3

T AAG AR IS TKA 52328 10 5635 3 i
FHEAFERBIN N LR A S 120 3 Z R E AR
R B A7 3 3 25 285 S 45 AH 1) e TR OG0 4 ik ) &5
AT G0 25 T RO B2 ik 7 AR TS L, X L
fEFREZIRNE 5 3 44 FE W T HE M g, R0 il 2 bk
IR A R N RRAE BRI T 52 =, AR
ST, BB I I O 1 52 07 J0 B b 0 W RN i 4% 52
BRI RISTE 2~ 3 15 BW, AR PR &R
EERT REBEFAERR T M Rw L,
TKA 6 ™A Ja, B# 1.2 IRBE 752 01 B[R]

T PEAREARR , ELith £ 350 R R R W A2 4, i B
AR I PR B R R A2 10 R AR 2 A
7= R R, AR TR % T & J), D’ Lima
SIS SR IR RO e i ) 5 4D HE A
Ko BE 3 ARRET ARG 6 4 H AL E I WAL, Rk
T I A W )N, AR AR R B R
ZESIE I . 3 A BEARIGITE R Z SRR
fl e AIKF, BEHIAR S 6 A A IR 2L IE Bl 3% 1% B
Tz,

ARSCH R TE 52 08 2 2 AW SCHEE AR R LA



EREMAE $£35% F3H 2020£6 A
354 Journal of Medical Biomechanics, Vol. 35 No.3, Jun. 2020

WG 32 ), 2 W 1 RS AR, 2 RO G &
BORE R BAE SCHER , 2 8 AH T 52 TR R BN,
IXTE Kutzner 552 BRI P FOARBEL, AR SCi 57
T BB B T OC19 1 Sl B h HA A A b
AR AR, ORI JRUIE W TG 6 A HEE, BN I
IR AE A A A 39 v 32 SR By O R T iz B
BT AARHE 107 ) B2 A e skt a5 22 45 S5 B AT
2332 Motion FR G810 SR B/ 3h 70 Bl 5G9 N
SMIE AP ERIE B R HES AN PR S sh ol
WA TE 1R 28 1 5G9 1% 3 S BUR A 45 RN R H
Marra %[3']%}%%7/3}%, BRI IR IR E S
J7 1) 45 fih g 60 T 5 22 [ ph B TR A L TR BOR
A

4 4HiE

AT OpenSim -4 537 F LR X
2R P B B H 32 ) AT, B
BB RIS WU BT A5 0 B 15
ORI R 1352 7% T 1 5 15 S BT, 52 ) S
RIG 6 A T A Ty 561 ) R BBk i,
AT 5 (LR B 25 R 5 L F = A
$E RGN0 3 F 2 4 AR 8, M LA —
TR, A 52 3 A AR | T 4
ST AR B TR R R RTS8 B )2 1
ST

S E Lk

[ 1] VESSELY MB, WHALEY AL, HARMSEN WS, et al. The
Chitranjan Ranawt Award: Long-term survivorship and fail-
ure models of 1000 cemented condylar total knee arthro-
plasties [ J]. Clin Orthop Relat R, 2006, 452(452) . 28-34.

[2] BOURNE RB, CHESWORTH BM, DAVIS AM, et al.
Patient satisfaction after total knee arthroplasty: Who is
satisfied and who is not? [ J]. Clin Orthop Relat R, 2010,
468(1) . 57-63.

[ 3] KEUDELL V, SODHA S, COLLINS J, et al. Patient satis-
faction after primary total and unicompartmental knee
arthroplasty: An age-dependent analysis [ J ].
2009, 21(1): 180-184.

[ 4] PABINGER C, BERGHOLE A, BOEHLER N, et al. Revi-

sion rates after knee replacement. Cumulative results from

Knee,

worldwide clinical studies versus joint registers [ J ].
Osteoarthr Cartilage, 2013, 21(2) ; 263-268.

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

GHOMRAWI HM, KANE RL, EBERLY LE, et al. Patterns
of functional improvement after revision knee arthroplasty
[J]. J Bone Joint Surg Am, 2009, 91(12) ; 2838-2845.

D’ LIMA DD, PATIL S, STEKLOV N, et al. Tibial forces
measured in vivo after total knee arthroplasty [ J]. J
Arthroplasty, 2006, 21(2) : 255-262.

STEINBRUCK A, SCHRODER C, WOICZINSKI M, et al.
Femorotibial kinematics and load patterns after total knee
arthroplasty. An in vitro comparison of posterior-stabilized
versus medial-stabilized design [ J]. Clin Biomech, 2016,
33, 42-48.

KNIGHT LA, SAIKAT P, COLEMAN JC, et al. Compari-
son of long-term numerical and experimental total knee
replacement wear during simulated gait loading [ J].
J Biomech, 2007, 40(7) . 1550-1557.

WOICZINSKI M, BRUCK AS, WEBER P, et al. Develop-
ment and validation of a weight-bearing finite element
model for total knee replacement [ J |. Comput Method
Biomec, 2016, 19(10) : 1033-1045.

HERZOG W, LONGINO D, CLARK A. The role of muscles
in joint adaptation and degeneration [ J]. Langenbeck Arch
Surg, 2003, 388(5) : 305-315.

SASAKI K, NEPTUNE R. Individual muscle contributions
to the axial knee joint contact force during normal walking
[J]. J Biomech, 2010, 43(14) : 2780-2784.

LN, MY, ZFEE, 5 BRI EIRARER T
2 FIAXS R N R [J] BEHEY J1%, 2015, 30
(1) 89-93.

MA QC, XIAO LY, LI ZC, et al. Factors affecting
asymmetrical lower extremity loading after unilateral total
knee arthroplasty [J]. J Med Biomech, 2015, 30(1) . 89-
93.

BZEIT ) BIELE, TN, &5, Sl m iz 3had 72 b SR
PERRFFE[J] BEREY 1%, 2012, 27(5) : 577-581.

MAO JB, JIAO XH, WANG RC, et al. Neck muscle
activity during head flexion [ J]. J Med Biomech, 2012, 27
(5): 577-581.

ADOUNI M, SHIRAZI-ADL A, SHIRAZI R. Computational
biodynamics of human knee joint in gait: From muscle
forces to cartilage stresses [ J]. J Biomech, 2012, 45
(12); 2149-2156.

FRAE. PEDEFEMALI]. EHAY %, 2006, 21(3)
172-178.

WANG CT. Mechanical virtual human of China [J]. J Med
Biomech, 2006, 21(3): 172-178.

BRIEE, B3, AR H. 2RO BN AL B F A
BN E i1 [J] EHAY 1%, 2015, 30(5)
397-403.

CHEN zZX, WANG L, LI DC, et al. Musculoskeletal multi-



XEH, E. 2BRXTERIGEEE TRNBER SRS S
LIU Jiageng, et al. Gait Simulation and Analysis of Lower Limb Musculoskeletal Model before and
after Total Knee Arthroplasty 355

[17]

(18]

[19]

[21]

[22]

[23]

body dynamic simulation on patient-specific total knee
replacement during right-turn gait [ J]. J Med Biomech,
2015, 30(5) . 397-403.

JUDD DL, ECKHOFF DG, STEVENS-LAPSLEY J.
Muscle strength loss in the lower extremity following total
knee arthroplasty [ J]. Am J Phys Med Rehabil, 2012, 91
(3): 220-230.

RAJAGOPOI A, DEMBIA CL, DEMERS MS, et al. Full
body musculoskeletal model for muscledriven simulation of
human gait [ J]. IEEE T Bio-Med Eng, 2016, 63(10):
2068-2079.

ZAJAC FE. Muscle and tendon:
scaling, and application to biomechanics and motor control
[J]. Crit Rev Biomed Eng, 1989, 17(4) : 359-411.

LU TW, O’ CNNOR JJ. Bone position estimation from skin
marker coordinates using global optimization with joint
constraints [ J]. J Biomech, 1999, 32(2): 129-134.
MURRAY MP, GARDNER GM, MOLLINGER LA, et al.
Strength of isometric and isokinetic contractions: Knee
muscle of men aged 20-86 [J]. Phys Ther, 1980, 60(4) .
412-419.

DANNESKIOLD-SAMSOE B, BARTELS EM, BULOW
PM, et al. Isokinetic and isometric muscle strength in a

Properties, models,

healthy population with special reference to age and
gender [ J]. Acta Physiol, 2009, 197(673) : 61-68.
SARASWAT P, ANDERSEN MS, MACWILLIAMS BA.
A musculoskeletal foot model for clinical gait analysis [J].
J Biomech, 2010, 43(9) : 1645-1652.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

PERRY J, BURNFIELD JM. Gait analysis: Normal and
pathological function [ M]. Pomona: Slack Incorporated,
2010.

D’ LIMA DD, PATIL S, STEKLOV N, et al. In vivo knee
moments and shear after total knee arthroplasty [ J].
J Biomech, 2007, 40( Suppl 1) 11-17.

KUTZNER |, HEINLEIN B, GRAICHEN F, et al. Loading
of the knee joint during activities of daily living measured
in vivo in five subjects [ J]. J Biomech, 2010, 43 (11):
2164-2173.

MIZNER RL, PETTERSON SC, STEVENS JE, et al.
Early quadriceps strength loss after total knee arthroplasty
[J]. J Bone Joint Surg Am, 2005, 87(5) : 1047-1053.
MUNDERMANN A, DYRBY CO, D’ LIMA, et al. In vivo
knee loading characteristics during activities of daily living
as measured by an instrumented total knee replacement
[J]. J Orthop Res, 2008, 26(9) . 1167-1172.

D’ LIMA DD, PATIL S, STEKLOV N, et al. The Chitranjan
Ranawat Award.
arthroplasty [ J]. Clin Orthop Relat R, 2005, 440. 45-49.
REINSCHMIDT C, VAN DEN BOGERT AJ, NIGG B,
et al. Effect of skin movement on analysis of skeletal knee

In vivo knee forces after total knee

joint motion during running [J]. J Biomech, 1997, 30(7) .
729-732.

MARRA MA, VANHEULE V, FLUIT R, et al. A subject-
specific musculoskeletal modeling framework to predict
in vivo mechanics of total knee arthroplasty [ J ].

J Biomech Eng, 2015, 137(2) : 020904.



