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Abstract : This study investigates the biomechanical efficacies of various cement augmentation techniques with or without pre-
ssurization for varying degrees of osteoporotic femur. For this study, a biomechanical analysis using a finite element method
(FEM) was undertaken to evaluate surgical procedures. Simulated models include the non-cemented(i.e., hip screw only. Type
D), the cement-augmented(Type II)., and the cemented augmented with pressurization(Type 1II) models. To simulate the frac-
ture plane and other interfacial regions, 3-D contact elements were used with appropriate friction coefficients. Material proper-
ties of the cancellous bone were varied to accommodate varying degrees of osteoporosis(Singh indices, II~V). For each model,
the following items were analyzed to investigate the effect surgical procedures in relation to osteoporosis of varving degrees :
(a) von Mises stress distribution within the femoral head in terms of volumetric percentages. (b) Peak von Mises stress(PVMS)
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within the femoral head and the surgical constructs. (¢) Maximum von Mises strain(MVMS) within the femoral head, (d) mic-
romotions at the fracture plane and at the interfacial region between surgical construct and surrounding bone. Type III showed
the lowest PVMS and MVMS at the cancellous bone near the bone-construct interface regardless of bone densities, an indica-
tion of its least likelihood of construct loosening due to failure of the host bone. Particularly, its efficacy was more prominent
when the bone density level was low. Micromotions at the interfacial surgical construct was lowest in Type III, followed by
Type 1 and Type I1. They were about 15-20% of other types. which suggested that pressurization was most effective in limiting
the interfacial motion. Our results demonstrated the cement augmentation with hip screw could be more effective when used
with pressurization technique for the treatment of intertrochanteric fractures. For patients with low bone density, its effec-
tiveness can be more pronounced in limiting construct loosening and promoting bone union.

Key words : 2¥AY AT Z4 (Intertrochanteric fracture), ¥Y n#d JAHSliding hip screw), & AME(Bone cement (PMMA)),

A A <QeH(Biomechanics), & 244 (Finite element method)
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Fig. 1. Geometric data acquired from CT scans
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Fig. 2. Three-dimensional finite element model of the
proximal femur
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Fig. 3. Construction of a finite element model. (A) Fe-
mur above fracture line, (B) Compression hip screw, (C)
Femur under fracture line
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Table 1. Bone mineral densities and elastic moduli according to Singh Indies

Bone mineral density (g/cm®)

Elastic Modulus (MPa)

Singh Index Cortical bone Cancellous bone Ecortical Ecancellous
I 1.5 0.1618 7228.40 45.24

It 1.6 0.1877 8823.70 58.92
I 1.7 0.2235 10641.61 80.37
v 1.8 0.2761 12697.32 117.10
i 1.9 0.3612 15006.13 188.82
\ 2.0 0.5218 17583.40 363.53
#® 2. 7HE Fotes ZHo| ME 24E S4%

Table 2. Relevant mechanical properties for finite element modeling

Elastic modulus(MPa)

Poisson’s ratio(v)

1 Cortical bone Subchondral Ecorticax0.143 0.32
Pure cortical Ecortical 0.32
Femoral head Ecancelious 0.32
Cancellous bone Proximal region Ecancellous*0.827 0.32
Distal region Ecancellous*0.627 0.32
Cement 2,200 0.23
Complex(cement+cancellous) 1.300 0.30
316L Stainless steel 300.000 0.30
Ecortical & Ecancellous : To be obtained from Table 1
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Table 3. Coefficients of friction

Interface Coefficient of .
junction friction (n) Applied FE models Ref.
Screw-bone 0.5 Type | (16)
Screw-cement 0.2 Type I, Type Il 7
Cement-bone 0.3 Type |l 7
Bone-bone 0.5 Type I, Type I, (16)
Type lli
~——Before loading « After loading

Mol
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Fig. 5. Displacement of interfacial plane after loading
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tion forces

Direction

Frontal Transverse Magnitude
force angle force angle
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Method .
Experimental results from Oh et al10)

Results from the present study using FEM

) si*n St Siv StV

Location Mean = SD (ue)
Medial 1 1827+601 1608+886 1349+728 11494600 994+494
Medial 2 1419628 2096+329 1739+271 1458+226 1233189
Lateral 10194404 945+007 785+005 662+005 568+005
Remarks Results from strain gauge measurement Predicted values from matching nodes
SI*: Singh Index

E 6. CHEIZF e von Mises 83 £I|H|

Table 6. Volumetric percentage of von Mises stress at the cancellous regions of femoral head (as calculated for

equations {4, {5)) (Unit: %)
. S Tvpe | Type I Type
Singh Index (g/em®) VSR ASR VSR ASR YSR ASR
It (0.19) 0.68 0.94 1.01 1.14 0.85 0.89
I (0.22) 0.21 0.54 0.28 0.83 0.28 0.72
IV (0.28) 0.08 0.34 0.26 0.63 0.10 0.51
V (0.36) 0.03 0.21 0.10 0.38 0.04 0.27
YSR: volumetric % that exceeds the vyield stress
ASR: volumetric % that exceeds the allowable stress
E 7. ST H3jol| mE hEZF W] Peak von Mises 8%
Table 7. PYMS at the cancellous regions of femoral head in relation to BMD of varving degrees [Unit: MPa)
. Type | Type li Type llI )
Singh Index(a/em”) - T B Poim A Poimt B PointA  Pomis e strenath
(0.19) 5.57 4.63 6.15 4.70 4.92 3.53 4.97
Il (0.22) 5.14 4.52 6.43 5.11 5.13 3.99 8.31
IV (0.28) 5.49 4.49 6.87 5.45 5.47 3.73 13.22
V (0.36) 5.91 4.74 7.50 5.33 5.97 4.32 21.17
Point A: under 10mm of femoral head's apex
Point B: at the cancellous bone near the bone-construct interface
FEel A AE @€ M F & AolFga AlsHh
2 % 18 2. iSIE BABUOING 22 Rt
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B 8. Clst ZUTolAM e 2 AHESR} bdl ILtALe] Peak von Mises 83 $4|
Table 8. PVYMS of at the hip screw and cement regions of femoral head in relation to BMD of varying degrees

(Unit: MPa)
Singh Index Tv?e | Tv?e I . Tv?e I .
Point C Point C Point D Point C Point E

I 733.75 816.19 6.26 861.27 10.66

HI 691.24 769.63 6.19 788.88 9.76

v 636.20 715.53 6.14 716.24 8.91

\Y 573.17 648.45 6.09 627.30 8.15
Point C: at the compression hip screw near the screw-plate interface
Point D: at the bone cement’s apex
Point E: at the complex(mixed cancelious bone and cement) region’s apex
H 9. thEZF oMl = von Mises HEE %]
Table 9. MVMS at the cancellous regions of femoral head in relation to BMD of varying degrees

Model types Tvpe | Tvpe |l Type |l ) )

Singh Index " Maximum von Mises strain (mm/mm) vield strain

Il 0.1037 0.1054 0.0790 0.0840

I 0.0742 0.0789 0.0551 0.1035

v 0.0506 0.0564 0.0416 0.1131

\ 0.0331 0.0373 0.0272 0.1126
Hoju)e] wjwrl opd Yoz AHE Hole RYE A T AATHE 8).
sfo] Wl - ABolo & Ao AR S 71gel met ghat mA A v 2 ARlE 99

el el PVMS Hujgke 2Nabd 29xst 74 @ o
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Table 10. Micro-motions at the interfacial plane in relation to BMD of varying degrees {Unit: mm)
Singh Index
Il I \Y \Y
Type | Plane A 0.370.14 0.30+0.10 0.24+0.08 0.18+0.06
Plane B 0.32£0.09 0.24+0.07 0.18+0.05 0.13%0.03
Type I Plane A 0.37£0.12 0.3020.10 0.24+0.08 0.18%0.06
Plane B 0.565+0.25 0.38£0.11 0.26:0.11 0.16+0.06
Type Il Plane A 0.41£0.13 0.330.10 0.2620.08 0.19+0.06
Plane B 0.06+0.01 0.05+0.01 0.04+0.01 0.04+0.01
Plane A: at the fracture site
Plane B: at the construct-bone interface
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Fig. 6. Micro-motions (A) at the fracture site, (B)at the construct-bone interface
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