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Biomechanical evaluation of an injectable calcium phosphate ce-
ment incorporating DHS for osteoporotic intertrochanteric fracture .
an in vitro study

YU Ren', ZHANG Yu-fa’, NI Cheng', LU Chun-de', CHENG Jun-qiu’, FAN Hong-
songa(l. Shanghai Jiangong Hospital, Shanghai200083, China; 2. Shanghai KaiYuan Orthopedical Hospital,

Shanghai 200129, China; 3. Engineering Research Center of Biomaterials, Sichuan University, Chengdu
610014, China)

Abstract: Objective To evaluate the biomechanical effects of using a new injectable calcium phosphate cement
to consolidate the fixation of osteoporotic intertrochanteric fracture. Method Five matched pairs of human cada-
ver femora were used to produce the model of intertrochanteric fracture. All fractures were fixed with dynamic hip
screws( DHS) ,and divided into two groups. In the CPC consolidation group of each pair, CPC was used to grout
the hip screw and to fill the posteromedial defect. All femora were subjected to biomechanical test. Results  Un-
der the loading of 500 N, in the CPC consolidation group, the mean axial stiffness is (691.93 +18.90) N/mm and
the horizontal shear stiffness is (5553.84 +27.47) N/mm. The mean lateral and medial strength is (5.15 +0.35)
MPa and (4.13 £0.24) MPa. The torsion stiffness was 0.41 and the ultimate loading is (3580 +286)N. In the
control group, the mean axial stiffness is (453.45 £19.75) N/mm, the horizontal shear stiffness is (3848.87 =
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22.63) N/mm, the mean lateral and medial strength is (3.12 +0.37) MPa and (1.80 £0.21) MPa, and, the tor-
sion stiffness is 0. 35 and the ultimate loading is (2512 + 189 ) N. Consolidation fixation with CPC increased each of

the biomechanical efficiency ( P <0.05). Conclusions

CPC consolidation of osteoprotic femoral head and the

medial defect of intertrochanteric fracture can significantly improve the overall stability and decrease the rate of

postoperative complication.

Key words; Calcium phosphate; Osteoporosis; Fracture Fixation; Stifiness; Postoperative complication
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2 &R

(1) A7 % B 749 (0. 82 £0.12) g/em”,
WESEARA N B BRI R o
(2) X5 CPC SRALHMER - AR R
RESTRAE L, Hh A B .C HBAIMUNIE R,
D.EF JAAMBAE R o TEIEH EHEBAET , 8

®1 CPCBUAEMBAMHNT - HEXALLR(X£S)
Tab.1 Comparison of loading-strain relation between CPC augmentation group and control group

- PAERREAR ERAHRXR, MBEIRE R,
56 10 I 2L A S MU R B 35 /T ) R, T ) 77
FEWE MR (P <0.05),

(3) XA 5 CPC b HM FILMB AP 5
KRS AH G5 R LA 2, EEBEATERA T, CPC
SR A UMD, ZRA BEEE
EVIS SR Z Ik TNy Ay R N R

CPC 3R N/ pe
BA/N
A B C D E F
100 4916 56 £5 63 £13 -52 x4 -74 6 -68 £6
200 98 +8 111 £12 136 +29 -104 +9 -148 +13 -137 £11
300 143 £ 14 171 £20 192 £10 -156 £13 -222 £21 -205£19
400 200 £ 18 230 +24 269 +36 -208 £19 -296 +27 -273 £25
500 244 £32 291 =18 329 £29 -261 £25 -370 £35 -342 £33
100 66 +6 76 £12 96 +6 -82 +8 -105 +£10 -86 +8
200 133 11 143 £13 191 23 -164 £15 -210£18 -172 £15
300 201 +23 226 +28 281 +26 -246 +23 -315+29 -258 £25
400 263 £24 308 £28 377 £36 -328 £31 —-420 £39 -344 £34
500 336 £38 376 £33 460 +40 -410 £39 -525 +51 —430 £39

%2 CPCRUASHRAMMTRMBSKFEUBILE

Tab.2 Comparison of subsidence displacement and lateral displacement between CPC augmentation group and control group

pagict:il CPC 3L
/N
AP/mm AH/mm AP/mm AH/mm
100 0.22 £0.06 0.03 £0.01* 0.14 £0.05 0.02 £0.01*
200 0.43 +0.17 0.05+£0.01" 0.28 +0.11 0.04 £0.01"
300 0.66 £0.21 0.08 +0.02 0.43+£0.19 0.05 +0.01
400 0.87 £0.23 0.11 £0.03* 0.57 £0.13 0.07 £0.02*
500 1.09 £0.27 0.13 +0.04 0.72£0.24 0.09 +0.02

A = BRI R, P >0. 05, HoRAr AR LB, P <0.05,

(4) xRS CPC 5RALZ4TE 500 N R J1F Ky
1] W BE AR BT UM EESE SR L2 3, CPC SR b4

A5 A 6 1 O E AR K ST B9 670 W B B R

EHE BEMEE L (P<0.05),

(5) STHA S CPC smib 4 7E 500 N K J; T #
SEELE R 4, CPC sRAL AL A P9 AMISE 3458 B 43
BH(5.15 £0.35) MPa, (4. 13 £0.24) MPa, KT %}
W41/ (3.12 £0.37) MPa, (1. 80 +0.21) MPa, 25

A wEEREN(P<0.05),

MR,

an

3 500 N 1T CPC 3B 4L 40 5% HR4H i % 1 B BE RLK E 55 7]
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Tab.3 Comparison of axial stiffness and horizontal shear stiff-
ness under the loading of 500 N between CPC augmentation group
and control group

Ruplih:: | CPC s ik

B RIE/N « mm! 453.45 £19.75  691.93 +18.90
K TEEIRIEE/N - mm~!  3848.87 £22.63  5553.84 +27.47
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4 500N AT CPCENASHRAMNMBELR(X£S)

Tab.4 Comparison of strength under the loading of 500N between CPC augmentation group and control group( X + S)

Sl B2/ MPa PR B/ MPa
A B o D E F
X ERA 4.26 £0.31 3.53£0.50 1.69 £0.23 2.64 0.22 0.45 +0.20 2.20+0.20
CPC 34kl 5.81+0.31 5.18 +0.36 4.41£0.37 5.19 £0.31 3.26 £0.42 3.78 +0.38

(6) XHRA5 CPC iatb /B e M, -
f(0) RANE S, MIBHAR KERZHENT
CPCiafbdA , EZERFAEBEEHEN(P<0.05), XLk
HARATE (A KN ,ARKANHE, X A
HAYKT CPC A, ERFAREERE (P <
0.05)

DA R L8, F NI (G) VL G, =M,/
0, T . XTHREZHN 0. 35, CPC 584 0. 41, 2 5
HEEMHEX(P<0.05),

%5 CPC BLESHEMANHLE - BAXALR( X S)

Tab.5 Comparison of torque-torsion angle relation between CPC
augmentation group and control group

HI%/N « m it R HLff CPC sRiLZHI A0
0.5 0.75 0. 08 0.54 £0.05
1.0 1.92+0.15 1.10 +0.10
1.5 2.93 £0.21 1.85+0.13
2.0 5.06 0. 46 3.21 £0.37
2.5 5.57 £0.46 4.95+0.44

2.7 BB MR EEREILK 6. SR B OOR
#he JyikF) (3580 £286) N, Xt fRAT 1A (2512 + 189)
N, ZRA BEMER (P <0.05),

%6 CPC BULASHBANRREN LR

Tab.6 Comparison of ultimate mechanical properties between
CPC augmentation group and control group

HPREMA /N R/ mm AR R ERE
T EEZH 2512 £189 9.12 +0.92 3.9
CPC 384k 3580 +286 10.14 +0.96 5.6
3 g
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