+558 - PP 2020 45 6 HEE 33 4555 6 ] China J Orthop Trauma, Jun.2020, Vol.33,No.6

- B EHRFH P -

NILEE K BARAR B AR EAREAARERSL HY
A FRITorHr

EFR LA
(L TYRFBE e WL T 31521152, A E B2 B R T AR SR B e, T UL T 315010)

[(HE] BM A4S EFRTATHATAIRTFERRT BB ZHRASNG T RITEARR LR
MR KREHOMATAED N F T NRAEXY ZASH T, ARAF R SEGRIKKR LR T, Hik:AREE
CT FKHAA LR RBARMES B LKA RABARREABOAIR T KERREWE D AMRAHEA(MO: K
WA ML R K ABR=RERFKRABR;M2: R R AB=RKF kAR +]l mm;M3: 38k A Z=R X F & A4%-1 mm;M4.
KA AB=RMEERABR-2mm), FmBRELFTEHRADENANG {H BEMAZERAAN LI RE, M AR L
BRAAANGHGR BT RBERBT GBS REET ER(DMI-M4 ¥ 7 2B BT REAENG LT M3 8
B & Von Mises 5 /j %18 % 448 MPa, 5 RaT R A BiL 3 T4 134%, A M3 69 F 254 ARG 4 AEERAF R, 4
1.40 mm; 3tk 2 M1, 5 A% Ai % 47.3 MPa, 3884 19.7%, % 2124 # 1.59 mm, (2)4£ %% & K 3% ,M3 4 Von Mises &
F MR % 23.3 MPa, 55 K AT 5% A 4530, 3 549 6.3%, 3t k2 M1, B ¥4t % 24.0 MPa, 3 %% 8.1%., (3)# @k ¥k,
M1 55 M3 5 5 A1 4 A B R 3T 4840, L M3 # Von Mises & #1914 4 18.5 MPa, 5 KW 5% o 453 5 3L k& ML, B /%44
H 22.5MPa, (4)MI~M4 B EA T AR EE R B ARRABREG R A EF MAELTH RIA R A& L+ M3
# Von Mises B 7 5 A S L A A5 2 & 3 4, Lok 44 70.8 MPa % & 40 % 4%, 3L s 4 M1(80.7 MPa), 45it: £4iTA T
JEE Sk B e KB, UK A A L R IE R Sk AR L mm BRIk, R R AL RIEE Sk AR F M BRI K, k3K
35 B HRARF IR RAEEM B RS PR, EIRE R £ F$ 506 50 L A,

[XgR] BBk, £FRBR,E#; BER; ARLON

i E 4 %K 5 :R683 Erer

DOI; 10.12200/.issn.1003-0034.2020.06.014 Frg RS (R RIR S ) FRIRAD (OSID) - mhASER

Finite element analysis of different diameter prosthesis ball head in artificial femoral head replacement WANG Xue-
bin,PANF Qing-jiang™ ,and YU Xiao. Huamei Hospital ,University of Chinese Academy of Science ,Ningbo 315010, Zhe-
Jjiang, China

ABSTRACT Objective:In order to select the proper size of prosthesis ball head ,the biomechanical changes of hip joint us-
ing different diameter prosthesis ball head was studied by three-dimensional finite element analysis. Methods: The thin-layer
CT data and related parameters of artificial femoral head prosthesis were used to establish the finite element model of hip joint
after artificial femoral head replacement with different ball diameter of prosthesis (MO : preoperative model ; M1 : ball head diam-
eter=original femoral head diameter; M2 :ball head diameter=original femoral head diameter+1 mm;M3:Ball head diameter=
Original femoral head diameter —1 mm;M4:ball head diameter=original femoral head diameter—2 mm). Loading the joint
forces and related muscle loads were loaded,and the stress distribution and change of bone and cartilage around acetabulum
were analyzed by simulating the standing state of one foot when walking slowly. Results: (1) In M1 to M4, the stress concen-
tration in pelvis was different. The peak value of Von Mises stress in the pelvis of M3 was 44.8 MPa,which was the closest to
that before operation, with an increment of 13.4%. The displacement of the pelvis of M3 was the smallest in the four groups after
operation, with an increment of 1.40 mm. The next was M1, with a peak value of 47.3 MPa,with an increment of 19.7% ,and a
pelvic displacement of 1.59 mm. (2) In acetabulum area,the peak value of Von Mises stress in M3 was 23.3 MPa, which was
the closest to that before operation, with an increment of about 6.3%, followed by M1, with a peak value of 24.0 MPa and an in-

crement of about 8.1%. (3) On the acetabulum cartilage , the stress distribution of M1 and M3 was similar to that before opera-
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tion,and the peak value of Von Mises stress of M3 was 18.5 MPa,which was the closest to that before operation,followed by

M1, which was 22.5 MPa. (4) M1 to M4 showed different degree of stress concentration in the outer upper quadrant of the arti-

ficial femoral head ,but showed stress shielding under it ;among them, the von Mises stress distribution of M3 was more uniform

than that of other models, and its peak value (70.8 MPa) was the lowest in each group,followed by M1 (80.7 MPa). Conclu-

sion: When femoral head replacement is performed, it is suggested that the prosthesis ball head with the diameter less than 1

mm and the prosthesis ball head with the same diameter as the original femoral head should be used first,so as to obtain the

closest natural mechanical characteristics of the hip joint before the replacement and reduce the risk of complications caused

by size differences.
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Fig.1 Boundary constraint and load of (M1 to M4 ) model
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Fig.2 Pelvic displacement after ball head placement of prosthesis with different diameters. MO : the maximum displacement was 2.49 mm after replace-

ment of the original femoral head ; M1 : the maximum displacement was 1.59 mm after replacement of the ball head with 48 mm diameter; M2 : the maximum

displacement was 1.91 mm after replacement of the ball head with 49 mm diameter; M3 :the maximum displacement was 1.40 mm after replacement of the

ball head with 47 mm diameter ; M4 : the maximum displacement was 1.77 mm after replacement of the ball head with 46 mm diameter
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Fig.3 Cloud chart of Von Mises stress distribution in pelvis after ball head placement of prosthesis with different diameters. MO :the peak stress was
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39.5 MPa after replacement of the original femoral head ; M1 :the peak stress was 47.3 MPa after replacement of the ball head with 48 mm diameter; M2
the peak stress was 54.2 MPa after replacement of the ball head with 49 mm diameter; M3 :the peak stress was 44.8 MPa after replacement of the ball head
with 47 mm diameter; M4 : the peak stress was 50.2 MPa after replacement of the ball head with 46 mm diameter
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Fig.4 Cloud chart of Von Mises stress distribution in acetabulum after ball head placement of prosthesis with different diameters. MO : the peak stress was
22.2 MPa after replacement of the original femoral head ; M1 :the peak stress was 24.0 MPa after replacement of the ball head with 48 mm diameter; M2
the peak stress was 20.1 MPa after replacement of the ball head with 49 mm diameter; M3 :the peak stress was 23.3 MPa after replacement of the ball head
with 47 mm diameter; M4 : the peak stress was 25.1 MPa after replacement of the ball head with 46 mm diameter
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Fig.5 Cloud chart of Von Mises stress distribution in acetabular cartilage after ball head placement of prosthesis with different diameters. MO : the peak
stress was 18.2 MPa after replacement of the original femoral head ; M1 :the peak stress was 22.5 MPa after replacement of the ball head with 48 mm diam-
eter; M2 :the peak stress was 25.4 MPa after replacement of the ball head with 49 mm diameter; M3 : the peak stress was 18.5 MPa after replacement of the
ball head with 47 mm diameter; M4 ; the peak stress was 22.9 MPa after replacement of the ball head with 46 mm diameter
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Fig.6 Cloud chart of Von Mises stress distribution in prosthetic head after ball head placement of prosthesis with different diameters. MO : the peak stress
was 54.9 MPa after replacement of the original femoral head ; M1 :the peak stress was 80.7 MPa after replacement of the ball head with 48 mm diameter;
M2 :the peak stress was 98.1 MPa after replacement of the ball head with 49 mm diameter; M3 : the peak stress was 70.8 MPa after replacement of the ball

head with 47 mm diameter ; M4 : the peak stress was 90.5 MPa after replacement of the ball head with 46 mm diameter
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