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ABSTRACT Objective: To analyze the effect of semitendinosus transposition on rotation and extension of hip. Methods: CT and
MRI image data of volunteer were collected to construct a three-dimensional finite element model of hip and knee, and the spring model
of the muscles related to hip rotation and extension was calculated and established. The relevant muscles were successively loaded to
simulate the total stress and total deformation of the femur under the semitendinosus intact, transposition and missing, so as to evaluate
the impact on the internal rotation and extension function of the hip. Results: The three-dimensional finite element model of hip and knee,
which included bone, ligament and muscle, was successfully constructed by fitting CT and MRI image data, and the parameters of each
muscle spring model were calculated. In the finite element model of hip rotation, when the semitendinosus was intact, the overall stress of
femur caused by hip rotation muscle group was 0.59057 MPa, the semitendinosus transposition was 0.90023 MPa, and semitendinotomy
was 0.48851 MPa. In the case of intact semitendinosus, the total femur deformation caused by hip rotators was 4.1081 mm, the
semitendinosus transposition was 3.9998 mm, and semitendinotomy was 3.0244 mm. In the finite element model of hip joint extension,
when the semitendinosus was intact, the overall stress of femur caused by hip joint extension muscle group was 2.8383 MPa, the
semitendinosus transposition was 2.1019 MPa, and the semitendinotomy was 1.4665 MPa. In the case of intact semitendinosus, the total
femur deformation caused by hip extension muscle group was 6.6956 mm, the semitendinosus transposition was 6.314 mm, and the
semitendinotomy was 4.6261 mm. Conclusion: Semitendinosus transposition can better maintain the internal rotation and extension
function of the hip than semitendinotomy, and semitendinotomy has a significant effect on hip movement, which may bring the associated
risk of sports injury.
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Table 1 Material parameters of the 3D model

Component Elasticity Modulus( MPa ) Poisson's Ratio
Bone 17000 0.36
Ligament 390 0.4
Tendon 600 0.46
Meniscus 3 0.46
Cartilage 5 0.46
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Fig.1 Simulation of semitendinosus intact, transposition and absence
ARRALSTEE ; B REALFEAL; C: - R ALER K
A: semitendinosus intact; B: semitendinosus transposition; C: semitendinosus absence
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Fig.2 Three-dimensional finite element model of hip and knee
A AP EEARITER;B: BXTHRERTER

A: Finite element model of hip rotation; B: Finite element model of hip extension
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Table 2 Parameters of the relevant muscle spring model
) Elasticity Modulus Average cross-sectional Muscle length Stiffness
Muscle Function
(MPa) area( mm?) (mm) (N/mm)
L Extension Internal
Semitendinosus ) 1.08 335.2 347.93 1.12
rotation
. Extension Internal
Semimembranosus ) 1.08 415.4 421.97 1.09
rotation
Biceps femoris long )
Extension 1.08 442.6 444.33 1.08
head
) Extension
Gluteus maximus . 1.08 1627.2 224.19 0.149
External Rotation
B: Static Structural B: Static Structural B: Static Structural
Bl St il K3 teness il Al st il
Unit MPa Unit MPa Unit MPa
Time 1 Time 1 Time 1
. 0.59057 Max A . 0.90023 Max . 048851 Max )
0s25 080023 043432
045944 [ 700;4 [ };:N 3
0139387 060025 032594
s, = B
019716 030027 016337
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I 0066025 H 010028 I 00549856
0.0004561 Min 0.00029049 Min 0.00079553 Min
z z z

B: Static Structural

B: Static Structural
B 1 Total Deformation B2 Total Deformation
Type: Total Deformation

Type Total Deformation

Unit mm Unit mm

Time 1 Time 1

. 4.1081 Max \ . 3.9998 Max
36525 ! 35567
31969 3INn3s
27413 26705
22857 . 22274

! 18301 17843
13745 | 13412
091887 0s8n

I 046328 l 045501
0.0076778 Min 0.011904 Min

- 4

w2l

B: Static Structural
B3 Total Deformation
Type: Total Deformation

Unit mm
Time: 1

o 3.0244 Max \
2689

23536

20182

16829
! 13475
12

06767

l 034132
0.0059369 Min

z Z
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Fig.3 Stress and deformation nephogram of the effect of semitendinosus intact, transposition and absence on hip rotation
Al FRAEEREN ;AL FRINECRE N ;AL FRABRKRE K I;
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Al: femur stress of semitendinosus intact; A2: femur stress of semitendinosus transposition; A3: femur stress of semitendinosus absence; B1: femur

deformation of semitendinosus intact; B2: femur deformation of semitendinosus transposition; B3: femur deformation of semitendinosus absence
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B: Static Structural C: Static Structural

B: Static Structural

Al Equivalent Stress 2 Equivalent Stress 2 A Equivalent Stress 2
Type Equivalent (von-Mses) Stress Type Equevalent (von-Mises) Stress. Type Equivalent (von-Mises) Stress

Unit MPa Unit MPa Unit MPa

Time: 1 Time 1 Time 1

o 2.8383 Max o 2.1019 Max o 1.4665 Max
2523 4 18685 13036
22077 1635 1.1407
18924 14015 097784
15772 1.1681 081496

. 12619 ul 093463 . 065208
094661 a7o117 04892
063133 046771 032632

I 031606 I 023425 I 016343
0.00078375 Min 0.00079608 Min 0.00055378 Min

B: Static Structural

B 1 Total Deformation 2

Type: Total Deformation

C: Static Structural
i o el
Type: Total Deformation

Unit mm Unit mm

Time 1 Time 1

[ Posteun \ M
59533 { 56143
52109 49147
44685 a5

m 37261 al 35154
29838 28158

22414 2161

1499 14165
H 075662 H 071682
0.014247 Min 0.017173 Min

z

n=l
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B: Static Structural

B3 Total Deformation 2

Type Total Deformation
Unit mm
Time: 1

. 4.6261 Max
ansy

36012
30888

. 25763
20639

| 15514

1039
H 052656
0.014114 Min

z > 4
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Fig.4 Stress and deformation nephogram of the effect of semitendinosus intact, transposition and absence on hip extension
Al FBRAEER BN ;A2 FRINEMRE N ;A3 FRINBRKR TN IT;
Bl 3BT EREHE;B2: FRNFEMRBTLE;B3: FRINREREHRE

Al: femur stress of semitendinosus intact; A2: femur stress of semitendinosus transposition; A3: femur stress of semitendinosus absence; B1: femur

deformation of semitendinosus intact; B3: femur deformation of semitendinosus transposition; B3:femur deformation of semitendinosus absence

FE R IR R, Y 2 T A R L HT,
[ A CT 5 MRIZ GBS 5 S W T A4 12
WIS . AN R R — S EE R MRS CT F1,
it Mimics #4545 CT 1 MR SE45005 Fh SR A4S 3545
FIREHPEA T2, ARG TR B S LA 55 2 R S5 A 1Y)
S RO BE B S — 4T BROTASE Y, Sl o 58 A= 9 g
FABRITTAMTBE 1AL 2SR AT H T I AN [ B R 15
DL R8T BTy JEASSE A W) 1248 b , BN T R
AAFXIBEE DS A=W T 2 B R, T e RAT R 48 578
3.2 YIERRRE AL B 5K 1 i B R4 A

FRIT, 1 IV UREE £ s At 53 Rl P9 e A T B9 0 B
IR, BA S VI IF AR A AR 5 240
Fhe, E AR LA T 32 B vk SCHAE T, JC R T R
SRS BRI H FHET, Mai MT S5 5 OG5 40
WU IB Bl , TR~ BTG5 5C 7 0 By S 5 O 1 i ot
FRM, Messer DI 23l i Dy RERZ G AR A2, AEREOC 19 iR
it R, AR RELES RSP BERARZS™ . Lim WU R B 5
i P S R TN /S A N [IGERGIES IR TE Y i i e S
UL, Flies A ik S OTHUIE 48 LES A4 (R BENLS AL 5 1Y
AOE ST eI AR 25 % , S5 VIR B LU 2 DDA 5% , T -5 M
WOR R AR, IHT T IA , SR BENUZEREOC TS e S 1
s AR OCHE (AR 18 S P R Y) 112247 AR

SEAHTHRE . ASRA ST ARDL AR I ST e Bt L pa g = i/
SN UOT A L, 2 R LSS BB B AR R T 3
20.89 % ; BARTEAR AN 35.83 %o FEMNZR A ENLA J1 09 /E
T, 5 NUOTE A LY, 2 B LSS BB ) I i R I T 4
TN 93.54 % ; FARILASHENN 44.74 %, L) 25 FUiiA , 78 BBk i
UG Iz iess 5 LT, 23 BH S8 i FRe B iR AAe iy g A e
FER VBRI T P2 A TR AR, T ELIXAN R A A R 32 Bl v e Sy B
o FHIRTA, PR UAE B DG e 5 i R 3l h i
Fa, YIBCLREUGE SC TS R B R
3.3 FRNFEAERBBXTIZIThEE DL HE

T A R AT I8 Bk B, ] T ARk R
BEMEIBLAFARIETT . YR = R R, R R
SARKFERE BT — AT, WFSE R, T AT 5543 0 2
U] BE 2 RO E PO B, B, e IS Bl
2R ] RE SV AR T HUEAS PR MYiZ 24, Byme A 46
RIS A R B 09855 , 235 R AR HE e T 28 LB 440
A XU T 129, Leunig M &8 (A5 S /s i 1 48 o S 2 1 N e
Z R YIAHIEEN, Bedi A AT PIER Z FR 2 S 808 3)
HHTAE AT AR AZ B R ARG N, T v T R R
A, D3 LAt 2k B2 Bl LG 1 A D B R 2 3
J o 2 5 B A 473 DRSS T 12 2020, AR SR 45 R U, FEAE
KATHERE LT VE RIS , S5 2R LS8 B I AR 1L, 2 e L% 62 1



- 2682 -

MREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol24 NO.14 JUL.2024

B BB R ATHI 5243 % , IR NLUTHUER 17.28 %; 15 e
JULERE AR L, 2 B LR (67 9 J 1 B AT AR R A1 2.64 %, 2P fi
JLDTHFR A 26.38 Y. fEEC T MRIUIREIT , 52 LSS
REI A LE , 2 U 07 P B 1 SV I g AR 25.95 %, 2R LY
HRRRAIR 48.33 % 521 LSE RE A LL , 2 i LA 37 11 Fe R AR
TEAERRAR 5.70 %, 2 BENLUIIFEA 30.91 %, DL EZ5RUIH, 5
SEBELIEBEAR L , L 5 WL DT HORHEE 5 e e S5 i
JEIE F s BN, BE R RO RO 1 UL 53 TERE )
ek LA T B o 5 1 (B T e, R e (L fS G
PESEAAT F1 o A3 T, S BB WLOT ORI LE , ~ERENLAL A3
XSG IS i Rz Sl S R /N ARAT T RE R LT
ey ke i3 Sl A XU

AHIFELRSER , 5B TE BORZS A L, P BEWURE (07 52

R WLOTICE A A DR 1 DG 19 5T 1 N e 5 I g A2 S RE,

T=F RO 2 252 5G9 15 3y, il RE 2l R AR Kz 3l

P AR o

& # 3L #k(References )

[1] Marchant MH Jr, Tibor LM, Sekiya JK, et al. Management of
medial-sided knee injuries, part 1: Medial collateral ligament [J]. Am
J Sports Med, 2011, 39: 1102-1113.

[2] Omar M, Petri M, Dratzidis A, et al. Biomechanical comparison of
fixation techniques for MCL anatomical augmented repair [J]. Knee
Surg Sports Traumatol Arthrosc, 2016, 24: 3982-3987.

[3] Mowers C, Jackson GR, Condon JJ, et al. Medial Collateral Ligament
Reconstruction and Repair Show Similar Improvement in Outcome
Scores, But Repair Shows Higher Rates of Knee Stiffness and Failure:
A Systematic Review[J]. Arthroscopy, 2023, 39 (10): 2231-2240.

[4] Shultz CL, Poehlein E, Morriss NJ, et al. Nonoperative Management,
Repair, or Reconstruction of the Medial Collateral Ligament in
Combined Anterior Cruciate and Medial Collateral Ligament
Injuries-Which Is Best? A Systematic Review and Meta-analysis [J].
Am J Sports Med, 2023: 3635465231153157.

[5] Schache AG, Dorn TW, Blanch PD, et al. Mechanics of the human
hamstring muscles during sprinting [J]. Med Sci Sport Exerc, 2012,
44: 647-658.

[6] Li G, Lopez O, Rubash H. Variability of a three-dimensional finite
element model constructed using magnetic resonance images of a
knee for joint contact stress analysis[J]. ] Biomech Eng, 2001, 123(4):
341-346.

[7] Palmer JE, Russell JP, Grieshober J, et al. A Biomechanical
Comparison of Allograft Tendons for Ligament Reconstruction [J].
Am J Sports Med, 2017, 45(3): 701-707.

[8] Wu L. Nonlinear finite element analysis for musculoskeletal
biomechanics of medial and lateral plantar longitudinal arch of
Virtual Chinese Human after plantar ligamentous structure failures[J].
Clin Biomech (Bristol, Avon), 2007, 22(2): 221-229.

[9] Diffo Kaze A, Maas S, Arnoux PJ, et al. A finite element model of the
lower limb during stance phase of gait cycle including the muscle
forces[J]. Biomed Eng Online, 2017, 16(1): 138.

[10] Phillips AT, Pankaj P, Howie CR, et al. Finite element modelling of

the pelvis: inclusion of muscular and ligamentous boundary

conditions[J]. Med Eng Phys, 2007, 29(7): 739-748.

[11] Hinterwimmer S, Baumgart R, Plitz W. Tension changes in the
collateral ligaments of a cruciate ligament-deficient knee joint: an
experimental biomechanical study [J]. Arch Orthop Trauma Surg,
2002, 122(8): 454-458.

[12] Abdel-Rahman EM, Hefzy MS. Three-dimensional dynamic
behaviour of the human knee joint under impact loading[J]. Med Eng
Phys, 1998, 20(4): 276-290.

[13] Brekelmans WA, Poort HW, Slooff TJ. A new method to analyse the
mechanical behaviour of skeletal parts [J]. Acta Orthop Scand, 1972,
43(5): 301-317.

[14] Chantarapanich N, Nanakorn P, Chernchujit B, et al. A finite element
study of stress distributions in normal and osteoarthritic knee joints
[J]. I Med Assoc Thai, 2009, 92: S97-103.

[15] Donahue TL, Hull ML, Rashid MM, et al. A finite element model of
the human knee joint for the study of tibio-femoral contact [J]. J
Biomech Eng, 2002, 124(3): 273-280.

[16] Boyer P, Villain B, Pelissier A, et al. Current state of anterior cruciate
ligament registers [J]. Orthop Traumatol Surg Res, 2014, 100 (8):
879-883.

[17] Genuario JW, Faucett SC, Boublik M, et al. A cost-effectiveness
analysis comparing 3 anterior cruciate ligament graft types:
bone-patellar tendon-bone autograft, hamstring autograft, and
allograft[J]. Am J Sports Med, 2012, 40(2) 307-314.

[18] Mai MT, Lieber RL. A model of semitendinosus muscle sarcomere
length, knee and hip joint interaction in the frog hindlimb [J]. J
Biomech, 1990, 23(3): 271-279.

[19] Messer DJ, Bourne MN, Williams MD, et al. Hamstring Muscle Use
in Women During Hip Extension and the Nordic Hamstring Exercise:
A Functional Magnetic Resonance Imaging Study[J]. J Orthop Sports
Phys Ther, 2018, 48(8): 607-612.

[20] Lim W. Effects of hip rotation on the electromyographic activity of
the medial and lateral hamstrings and muscle force [J]. J Back
Musculoskelet Rehabil, 2021, 34(6): 1023-1029.

[21] Flies A, Scheibel M, Kraus N, et al. Isolated gracilis tendon
harvesting is not associated with loss of strength and maintains good
functional outcome [J]. Knee Surg Sports Traumatol Arthrosc, 2020,
28(2): 637-644.

[22] Askling CM, Heiderscheit BC. Acute hamstring muscle injury: types,
rehabilitation, and return to sports. In: Doral M, Karlsson J, editors.
Sports injuries: prevention, diagnosis, treatment and rehabilitation
[M]. 2nd ed. Berlin, Heidelberg: Springer, 2015, p. 2137-2147.

[23] Loudon JK, Reiman MP. Lower extremity kinematics in running
athletes with and without a history of medial shin pain[J]. Int J Sports
Phys Ther, 2012, 7(4): 356-364.

[24] Souza RB, Powers CM. Predictors of hip internal rotation during
running an evaluation of hip strength and femoral structure in women
with and without patellofemoral pain [J]. Am J Sports Med, 2009, 37
(3): 579-587.

[25] Mohammad WS, Elsais WM. Association Between Hip Rotation and
Activation of the Quadriceps and Gluteus Maximus in Male Runners
[7]. Orthop J Sports Med, 2020, 8(11): 2325967120962802.

( THEEE 2676 TT)



- 2676 -

MREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol24 NO.14 JUL.2024

—EHM, HE5 RA BFE LRGSR DI
M7 NLRP3 ASC % Caspase-1 7K =IFHE A H % RA ¥
15 37" EE AR R 1 AT B A2 W ALRE (A I R G
£ % 37 ik ( References)
[1] XF, 28 B & %,5. ERB LT SRR w0 25342 28 7
B R[], P B I E 2 J &, 2023, 33(15): 62-68.
[2] Lin YJ, Anzaghe M, Schiilke S. Update on the Pathomechanism,

Diagnosis, and Treatment Options for Rheumatoid Arthritis[J]. Cells,
2020, 9(4): 880.

(3] $A, ZAZF, 3ot F BARREBXT RS THEEER
ERFEFRFRAETFN ] #RAFEK - FEHAKAK,
2023, 25(4): 1425-1433.

(4] #, #4838, 3. A TADREFTRTERNEXA T KT XT
KABRRK T A AR m iz @A I F B EAKRFFIR,
2023, 52(8): 718-723, 735.

[5] THX, @M, F35. ERE X IEIT 54 AL B 2R [).
o E T8 A & (B FR), 2020, 12(11): 4-8.

[6] Cush JJ. Rheumatoid Arthritis: Early Diagnosis and Treatment [J].
Rheum Dis Clin North Am, 2022, 48(2): 537-547.

[7] B4R, FF %, M4, & 5 Sa WAL 8 F BALR & Ak 2T
ERGR M EF K QY WL [T]. b 4 E F % &, 2023, 103(37):
2947-2951.

[8] Wu CY, Yang HY, Lai JH. Anti-Citrullinated Protein Antibodies in

Biological Effects and
Mechanisms of Immunopathogenesis [J]. Int J Mol Sci, 2020, 21(11):
4015.

[91 Wu CY, Yang HY, Luo SF, et al. From Rheumatoid Factor to
Anti-Citrullinated Protein Antibodies and Anti-Carbamylated Protein

Patients with Rheumatoid Arthritis:

Antibodies for Diagnosis and Prognosis Prediction in Patients with
Rheumatoid Arthritis[J]. Int J Mol Sci, 2021, 22(2): 686.

[10] Gao J, Zhang H, Yang Y, et al. Therapeutic Potential of Targeting the
NLRP3 Inflammasome in Rheumatoid Arthritis [J]. Inflammation,
2023, 46(3): 835-852.

[11] P EFARRRFHF LS4 2018 + B ERIRXH K457 35 d[I].
W 4 gy A e & 2018, 57(4): 242-251.

[12] Osipova D, Janssen R, Martens HA. Rheumatoid arthritis: more than
a joint disease[J]. Ned Tijdschr Geneeskd, 2020, 18(164): 4166-4167.

[13] McDermott G, Gill R, Gagne S, et al. Demographic, Lifestyle, and

Serologic Risk Factors for Rheumatoid Arthritis (RA)-associ ated
Bronchiectasis: Role of RA-related Autoantibodies [J]. J Rheumatol,
2022, 49(7): 672-679.

[14] Choulaki C, Papadaki G, Repa A, et al. Enhanced activity of NLRP3
inflamasome in peripheral blood cells of patients with active
rhcumatoid arthritis[J]. Arthritis Res Ther, 2015, 10(17): 257-258.

[15] Ridgley LA. Anderson AE. Pratt AG. What are the dominant
cytokines in early rheumatoid arthritis? [J]. Curr Opin Rheumatol,
2018, 30(2): 207-214.

[16] LiZ, Guo J, Bi L. Role of the NLRP3 inflammasome in autoimmune
diseases[J]. Biomed Pharmacother, 2020, 130: 110542.

[17] Zhu JN, Nie LY, Lu XY, et al. Meta-analysis: compared with
anti-CCP and rheumatoid factor, could anti-MCV be the next
biomarker in the rheumatoid arthritis classification criteria? [J]. Clin
Chem Lab Med, 2019, 57(11): 1668-1679.

(18] 5 —, Fibik, 4. FERERT Ko B 59 mMAE ST 09 B 5
R[] 7/ E R, 2022, 44(15): 1786-1790.

[19] R wesb ook ik f,5. RPURMA Y K& F o 125- 444
A Z D3 KFARENEKRE L D] GRS mE L&, 2020,40(12):
3116-3120.

[20] skAEH, X %, kXL, 5 RKARTORKE EREXT X
Gk Z R R SR e AR K e [J] F B R R B A 4 &, 2022, 28(8):
1115-1120.

[21] skab, # ok, %) 38, ¥. A T OPG/RANKL/RANK 12 5 i 348 it &
IR ok A B )RR T SRR 0 R BIE R ST 2

SR[T). P B #7254 &, 2022, 31(23): 2333-2337.

FAR, MHE, AL, 5. ik PTH ZAP B A7 & £ IR £ % £

HA I REANES B A ST [J]. AR A4 B Sk, 2022,
22(23): 4560-4564.

23] & A.E3, 5 X I, 5. Wnt/OPG 13 5 38 %4 42 3 RUR % 3 5B 5k
I ey LR F B 4 &, 2023, 43(22): 5604-5607.

[24] Guo C, Fu R, Wang S, et al. NLRP3 inflammasome activation

AL
2]
&

contributes to the pathogenesis of theumatofd arthritis [J]. Clin Exp
Inmunol, 2018, 194(2): 231-243.

[25] Kelley N, Jeltema D, Duan Y, et al. The NLRP3 Inflammasome: An
Overview of Mechanisms of Activation and Regulation [J]. Int J Mol
Sci, 2019, 20(13): 3328-3329.

[26] X T, 4K 400, #H#, 5. NLRP3 % MR B R £ R A A A 8
BFRBRET]. vl K FFREFIR), 2023, 54(3): 679-684.

(_E$&%E 2682 TT)

[26] Byrne A, Lodge C, Wallace J. Intrarater Test-Retest Reliability of Hip
Abduction, Internal Rotation, and External Rotation Strength
Measurements in a Healthy Cohort Using a Handheld Dynamometer
and a Portable Stabilization Device: A Pilot Study [J]. Arch Rehabil
Res Clin Transl, 2020, 2(2): 100050.

[27] Leunig M, Beaulé PE, Ganz R. The concept of femoroacetabular
impingement: current status and future perspectives [J]. Clin Orthop

Relat Res, 2009, 467(3): 616-622.

[28] Bedi A, Warren RF, Wojtys EM, et al. Restriction in hip internal
rotation is associated with an increased risk of ACL injury [J]. Knee
Surg Sports Traumatol Arthrosc, 2016, 24(6): 2024-2031.

[29] Laudner K, Wong R, Onuki T, et al. The relationship between
clinically measured hip rotational motion and shoulder biomechanics
during the pitching motion[J]. J Sci Med Sport, 2015, 18: 581-584.

[30] Vad VB, Bhat AL, Basrai D, et al. Low back pain in professional
golfers: The role of associated hip and low back range-of-motion

deficits[J]. Am J Sports Med, 2004, 32: 494-497.



