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Total hip arthroplasty for determining the position of the prosthesis and the
biomechanical properties

Qi Da-chun’, An Xin-rong? ('Department of Bone and Joint Surgery, Department of Endocrinology,
Affiliated Hospital of Binzhou Medical University, Binzhou 256603, Shandong Province, China)

Abstract

BACKGROUND: During total hip arthroplasty, it is difficult to accurately determine the exact orientation of
the pelvis. Pelvic position is prone to change during treatment. After prosthesis implantation, angle
deviation easily occurs. The surgeon is difficult to accurately determine the position and orientation of the
prosthesis.

OBJECTIVE: To investigate the effects of prosthesis position during total hip arthroplasty by using
three-dimensional computer-aided technique, and to analyze the biomechanical properties of the
prosthesis in total hip arthroplasty.

METHODS: Data of ten patients undergoing total hip arthroplasty in the Affiliated Hospital of Binzhou
Medical University from January to November 2015 were analyzed. SIEMENS/DEFINITION dual source
CT was used to scan the skeleton of patients. CT data were collected as a basis for data in modeling. Slice
thickness was 0.732 mm; resolution of the inner surface was 512 x 512. CT data were imported in
three-dimensional reconstruction software of a computer. The models of femur and pelvis were
established. According to the type of fracture, false models of total hip arthroplasty were established.
Simultaneously, biomechanical prosthesis models were established. We determined research methods of
prosthesis position by computer-aided techniques and analyzed biomechanical properties in total hip
arthroplasty.

RESULTS AND CONCLUSION: (1) The use of computer-aided technology could clearly show the defect
site. After determining the defect position using computer-aided techniques, prosthesis implantation and
repair effect could be simulated in the software. (2) The computer-aided through technology could
accurately determine the vertical weight of the human. The acetabular center of rotation was used as the
origin. A vertical parallel line was generated. The sagittal and coronal planes of the prosthesis could be set
in new coordinates. (3) With the aid of computer, total hip prosthesis models were constrained and loaded,
which lay the foundation for the operation through the model development. (4) The 10 patients achieved
successful surgery. The position of prosthesis was correct in nine patients, with a success rate of 90%.
Patients were followed up for 3 months. The patients did not have other complications. (5) These results
suggest that computer-aided technology can do three-dimensional construction and analysis of the
prosthesis, and can construct the position of the prosthesis during total hip arthroplasty according to
three-dimensional reconstruction of the digitized pelvis model so as to achieve precise positioning of
surface hip prostheses, which can prevent excessive wear of the joint, make pelvis closer to the
physiological state of the mechanical distribution, and achieve the desired effect.

Subject headings: Arthroplasty, Replacement, Hip; Prosthesis Implantation; Biomechanics; Tissue
Engineering.
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Figure 1 X-ray films of the pelvis before implantation
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Figure 2 Reconstruction of the left and the right as a whole
pelvis
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Figure 3 Determination of prosthesis position during total hip
arthroplasty
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Figure 4 Determination of acetabular prosthesis axis
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Figure 5 Model load and constraint

Ik PR A G BIINZY SR B AR s

3 iti® Discussion

VAR, Bl N 28 AN N, #5860
P B E A H a2, N THOCT B BRI R EA KT
1 0POAT, AT IN, U R e AR LA B T 2
) ) s SRR R A IE R AR, BB A 4 m A
TR A5, S A AT . TR, AR
TEPEIV % AT REJBCE A 1E 5 (AR G5 R0 B, X FERE R
SR FR ) s 1350 o A, I RE RSk B3 DG 1T T g
(RS2 P20, T B M S e DK
B BE [ R BRI OCTT ( B @D RAE AR SR KA
Bl @EEREME R, BARAERM: OMETFAR
HMEFEFRAG: ©ORIMEHIEA ST IR E K
& AL, FEGNEE BE B 19 200 ik, 75 5 W A
T2, HIUX RIS RS 2 T Okes s g4
K55 R R R @OE kLR, RY R
LA AU LE B R A A 22, ORI 2 5 T IR
I, 2553 R A R RA Bl s @ R LR R T KR
W B AR R 25 50 7 A 4t

B A s R 2 AR AN W7 R e B AR 2 B R RN 5
MUERINA H83E, — 4 E @ ARG IR— 2z Tk
W, CRE R EIR. BIREAR B ME IR E AN
110180

P.O. Box 10002, Shenyang www.CRTER.org



BATR, . BR BB LB NTOE T E R Y Ty

@j—féz www.CRTER.org

(g, JEHEXE MR R SAR SR, et T
WEAMELALEAL R, Mg, CT g = e e 6 & 01
Pish RG22 1, AZERRENS ED BB
U B Sk Z MR RS R, REZITAL. 2 AL ER
T WAL A AR5 15, T RERS LA X R
WREBARR RS . [FR, W T =4E R A i
FEAPRE A, WSR2 T AR B AT i s AL
SEEAPH DB A O AL PRSI
YT A B TR, SRR SR U B R R
(¥ 2o A OSBRI AL, L 2 v UM B EOR A
RN WE L 2 QL BN WA S -F i S
CT =4 s gl i R ot i v S LA B e v Rl Bl i 1 45
A5 BENSE A i RIS IR B e o N T e S A FH B A A3
et BERS QIR S A AT BAR BTN, i AEfS
PR LR WA E IR ILECRE , $ s B A B
SVt 0 2 =By (LU VLI S LV I & 25 VR =
THBh B REMER I 2 AR EE TR Le, R Ehe oo i
s BEMBAE A PR PATER, JF HRENRAEAII R
RHANGEAR T E AL BT A ARAR . SCE P AETH RN B T
SEROR AT BB [ A AR N2, Rl A
TRy B A T AR I L5 A, BET N AT B
WD) AR AT T RS o EAAEA T 4 I,
DUSE ARSI (R pir - N AR K, A8 R h 78 735 18 21
BT (KO RRB ARG, FODNA3 R LU A, AT RENS 3R A5
HUALERESEARA 1R85 1 8 S N A2 73 A AL, UESKE T8
PREN 5 HLA BRI [, BRSO BRI B
b BRI BRI RIS, e miE ZRCR, (eidts
H AT, SOOI I 10 IS TR K
Ly, b 9 GIEFH B LR EIER, REhFN 90%.
XHEFEREAT 3 S AREYS, EF IR M IIALIF A (HE,
KR U BB 56 i — e R (0 T, W A%E Y
AT Fh BRG], I L3 ST I W 45 5 ] SR 1Y
RIS o S AF LR A M AP, A B H AT
X, AT DR UE R 5 2B IRL A 1R, PRI A oc
WEHIF AR AR, W07 IR NE Rk, T
GBIt E VAVARI DS

Zr LTI, TN B RIS X BT = YEH
i AT, JFIRYE = A AR A, A
TR B A R AR AL, BRI T R B
MRS HREAL, BETIRE T B 40, A5 S S il
PEPRIRZS 200 A, IR BITUIRCR . BAT RO IR Y,
It

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

B RS A 2 R RS e Bk

EZ TR MAKA R FORIIR T, 3R A TR %
.

FZEMMTE: PTATAE A 3 FIATT L3 M 2 R 5 Al % #)
BAHR,

R K H FZEMNEFRWEERECEER
AP, RBFEOREERIRBRERE.

XELE LF R OLE CNKI K25 Lkl
AHpitiT3 REE,

XEHFE: XFEZENDRATING EZREINF,
SATIZAGRE,

TEEFERG: & — e st Bt Aedk 5 a6 b B I R
AT AHARIETAE, BT HRMREA N . KB (OETE
HUEAE )T R BAR R IR AEARAG . 2 FF4H K,
THZEE.

B LFERTEECH AR RBALE
T REARAR K L.

4 %k References

[1]1 Clavé A, Fazilleau F, Dumser D, et al.Efficacy of
tranexamic acid on blood loss after primary cementless
total hip replacement with rivarox- aban
thromboprophylaxis: a case -control study in 70
patients.Orthop Traumatol Surg Res. 2012;5: 484-490.

[2] Alshryda S.Topical(intra-articular)tranexamic acid reduces
blood loss and transfusion rates following total knee
replacement: a randomized controlled trial TRANX-K).J
Bone Joint Surg Am. 2013;21: 1961-1968.

[3] Kk, PeVE VL, B4, 55 A O B R 5 B 2 I (4 6T
FY 3k RE[J]. 5 105,2012,25(9):788-792.

[4] Alshryda S,Mason J,Sarda P,et al.Topical
(intra-articular)tranexamic acid reduces blood loss and
transfusion rates following total hip replacement: a
randomized controlled trial (TRANX-H).J Bone Joint
Surg Am. 2013;21: 1969-1974.

[5] Irwin A, Khan SK, Jameson SS, et al.Oral versus
intravenous tranexamic acid in enhanced-recovery
primary total hip and knee replace- ment: results of
3000 procedures.Bone Joint J. 2013;11: 1556-1561.

[6] Wong J,Abrishami A,El Beheiry H,et al. Topical
application of tranexamic acid reduces postoperative
blood loos in total knee arthroplasty: a randomized,
controlled tril. J Bone Joint Surg Am. 2010;15:
2503-2513.

(7] B, R, A PR A 0 B R P A
BEL 2 A MR RE REJ]. BRI AR, 2014,
22(20):1856-1860.

3815



WA, 5

PR T BT NI T IR A L) A1

@]%2 www.CRTER.org

(8]

9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

(22]

(23]

(24]

3816

KBRS, W N5, 55 A ST B AR G I Bk 2k 1
SHT]. T EFEAMNR 4 ,2011,19(12):995-997.
PG, 52l 0 . N TG B R 5 B 2 L PR A O
Sy AT [J]. o L2 TR T S R 42, 2008,12(4):
635-638.

Bao N,Zhou L,Cong Y,et al.Free fatty acids are
responsible for the hidden blood loss in total hip and
knee arthro- plasty. Med Hypotheses. 2013;81(1):
104-107.

w1 AR, EARR, AL, AN Ao T B R B 1 2k 1l
IR SR R 23 A [J]. 52 B2 2 2% 3%5,2012,29(6):
490-492.

BV AR, A, A5 SR R e )47 T AT P I
VLA HIY]. SR, 2011,17(9): 796-799.

Li J,Zhou Y,Jing J,et al. Comparison of effects of two
anti-coagulants on hidden blood loss after total hip
arthroplasty. Zhongguo Xiu Fu Chong Jian Wai Ke Za
Zhi. 2013;27(4): 432-435.

/b3 g T A G B T KRR R LA DG
6 Rl 22 K S [J]. 0 B 20 21 T REAH 5,2014,18(13):
2006-2011.

P 1) M B S IR B, A5 B 2R UL 5 A B O B R
JEHESSTT DI RE AR OC 1t K s A = [J]. R 22,2013,
34(3): 420-422.

AT R AR, A B SR I A B OGS B AR S5 T
B S35 i [ e R A S22 D).+ 6 15-4%5,2011,24(8):
466-468.

KIR B AR ARG, B 8, A, 45 B A TR B 42
HOE OGS B T AR N ) (1) S i [J]. 52 B RHk S, 20114,
20(10):938-941.

A DK X 4 5% B A i B At SR A ) 5%
[V R 45 A 44 ,2014,24(9):119-120.

Smith TO,Hing CB.Is a tourniquet beneficial in total
knee replacement surgery? A meta - analysis and
systematic review. Knee. 2010;17(2): 141-147.
Douketis J.Apixaban reduced VTE and did not
increase major bleeding compared with enoxaparin in
hip replacement. Ann Intern Med. 2011;154(10):
J05-J07.

Kelly EG,Cashman JP,Imran FH,et al. Systematic
review and meta - analysis of closed suction drainage
versus non -drainage in primary hip arthroplasty. Surg
Technol Int. 2014;24(3):295-301.

BB JRNERAE, S5 7 AF ARV HEN A 05T B R Bk
HF I R ) PR 95 4610 BEBTF L[] o P 495,2014,27 (1):
34-37.

FRAE ST B AT B AR ML R4 0 224 v KAy
Pk BHE A5 E,2012,15(15):450-451.

SR, AR, FOAK, S5 SN B/ U 00T B HGA
7 Z BB B T[] R G R 22 25 ik PR 22 1, 2014,
11(4):68-70.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[39]

[36]

[37]

(38]

[39]

[40]

TR IGEni, e AEE, £ ], A5 AT Il 23 RIS S K2 1
F B S X A RO B A B 2R AL PR S ).
FPEE TF1,2014,26(4):23-25.

SHSHH AR R BRI, 85 AN AR ME A N A ioc TS Bk
REEARRELLI]. T EFFEAME,2009,17(13):977-979.
Al-Hajjar M,Leslie IJ, Tipper J,et al.Effect of cup
inclination angle during microseparation and rim
loading on the wear of BIOLOX delta ceramic-on-
ceramic total hip replacement.J Biomed Mater Res B
Appl Biomater. 2010;95(2): 263-268.

Kim YH,Choi Y,Kim JS. Cementless total hip
arthroplasty with ceramic-on-ceramic bearing in
patients younger than 45 years with femoral-head
osteonecrosis.Int Orthop. 2010;34(8): 1123-1127.
TR, 5k G, FH, 4% Deltali & N TARARLE 451y
B A R ORI [J]. Ll R R 24,2012,52(10):
36-38.

Schroder D,Bornstein L,Bostrom MP,et al.Ceramic-on-
ceramic total hip arthroplasty: incidence of instability
and noise. Clin Orthop Relat Res. 2011;469(2):
437-442.

LR T i [ 2 28 350 PR Al K TR A 8 5 B vt B e
ST B AT 308 LT B IR IR 45 R [J]. K B
RhZri&,2012,15(5):523.

Hannouche D,Zaoui A,Zadegan F,et al. Thirty years of
experience with alumina-on-alumina bearings in total
hip arthroplasty.Int Orthop. 2011;35(2): 207-213.

2 ¥, W25 1 A T A RS AR I - B R A D T R
7 2] B A2 T RERESY,2012,16(9):1559-1563.
Petsatodis GE,Papadopoulos PP,Papavasiliou KA, et
al.Primary cementless total hip arthroplasty with an
alumina ceramic-on-ceramic bearing: results after a
minimum of twenty years of follow-up.J Bone Joint
Surg Am. 2010;92(3) : 639-644.

Bt A [FIAA ML ST R AAAE RSO B e b i N [J]. o
AR TR IR FEE,2011,15(17): 3196-3198.
Lombardi AV Jr,Berend KR,Seng BE et al.Delta
ceramic-on-alu- mina ceramic articulation in primary
THA: prospective,randomized FDA-IDE study and
retrieval analysis. Clin Orthop Relat Res. 2010;468(2):
367-374.

TR T, TSR, B R B AR M BB N LA O A
Pf )7 B Sk BRI L] AR SRR A5 TR,
2012, 6(2):10-12.

T B A8 G AR A T PR R PR [J]. Hh A PR R
Ui i L - H,2011,5(21):6204-6207.

WR AL SC, 8 3058 A B e R R AE ST B AR N
AL E B R K, 2011,19(6):67-69.
Chevillotte C,Pibarot V,Carret JP,et al.Nine years
follow-up of 100 ceramic-on-ceramic total hip
arthroplasty. Int Orthop. 2011;35(11): 1599-1604.
110180

P.O. Box 10002, Shenyang www.CRTER.org



