View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Digital Commons

IﬁllT CEDA w ILLE Cedarville University

UNIVERSITY. Digital Commons@Cedarville

Engineering and Computer Science Faculty

Publications School of Engineering and Computer Science

2006

Partial Stem-Bone Contact Area Significantly
Reduces Stem Stability

Timothy L. Norman

Cedarville University, tnorman@cedarville.edu

Samuel L. SanGregory
Cedarville University, sangreg@cedarville.edu

Timothy B. Dewhurst
Cedarville University, dewhurst@cedarville.edu

Follow this and additional works at: http://digitalcommons.cedarville.edu/
engineering and computer science publications

b Part of the Engineering Commons

Recommended Citation

Norman, Timothy L.; SanGregory, Samuel L.; and Dewhurst, Timothy B., "Partial Stem-Bone Contact Area Significantly Reduces
Stem Stability" (2006). Engineering and Computer Science Faculty Publications. 111.
http://digitalcommons.cedarville.edu/engineering_and_computer_science_publications/111

This Conference Proceeding is brought to you for free and open access by

Digital Commons@Cedarville, a service of the Centennial Library. It has e C E NTE N N I A L LI B R ARY
been accepted for inclusion in Engineering and Computer Science Faculty I" CEDARVILLE UNIVERSITY
Publications by an authorized administrator of

Digital Commons@ Cedarville. For more information, please contact

digitalcommons@cedarville.edu.


https://core.ac.uk/display/301495242?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.cedarville.edu/?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.cedarville.edu/?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu/engineering_and_computer_science_publications?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu/engineering_and_computer_science_publications?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu/engineering_and_computer_science?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu/engineering_and_computer_science_publications?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu/engineering_and_computer_science_publications?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/217?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.cedarville.edu/engineering_and_computer_science_publications/111?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@cedarville.edu
http://www.cedarville.edu/Academics/Library.aspx?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.cedarville.edu/Academics/Library.aspx?utm_source=digitalcommons.cedarville.edu%2Fengineering_and_computer_science_publications%2F111&utm_medium=PDF&utm_campaign=PDFCoverPages

PARTIAL STEM-BONE CONTACT AREA SIGNIFICANTLY REDUCES STEM STABILITY
+Norman, TL; Todd, MB; SanGregory, SL; Dewhurst, TB
+Cedarville University, Cedarville, OH
tnorman(@cedarville.edu

INTRODUCTION: with contact area can be attributed to an increase in contact pressure at
Cementless femoral implants rely on the limitation of relative motion the stem-bone interface. Contact pressure in combination with friction is
between the cortical bone and the implant surface, often called responsible for restricting initial micromotion and aiding in the
micromotion, for implant stability [1,2]. Micromotion may be limited by development of long term stability. Results also showed that cortical
providing stem-bone interference, or press-fit, at the time of bone viscoelastic behavior reduces pushout load below that obtained
implantation of a femoral stem. Such a design should, in theory, increase from elastic response alone and that the pushout load is enhanced by
frictional resistance to micromotion due to stem roughness and increased increasing the static coefficient of friction between the implant and the
contact pressure. Previous studies that investigated stem push-out bone. Clinically, the results of this study suggest that reaming to increase
stability have assumed circular intramedullary canal, i.e. 100% contact contact area, at the expense of cortical bone thickness, should be

area, and elastic bone properties. However, the intramedullary canal is considered for long term stability.

often irregularly shaped, especially in younger individuals (3), resulting

in reduced stem-bone contact area. Additionally, bone viscoelastic REFERENCES:

behavior was shown to significantly reduce pushout load (4). Therefore, (1) Bauer, TW and Schils, J. Skeletal Radiol 28(9):483-97, 1999. (2)

the objective of this study was to evaluate the effect of an irregular Pilliar, RM et al. Clin Orthop 208:108-13, 1986. (3) Noble, PC Clin
shaped intramedullary canal on initial diaphyseal fixation (i.e. push-out Ortho 316:31-44, 1995. (4) Shultz, TR. J Biomech Eng, in press. (5)
load). It was hypothesized that decreased stem-bone contact area would Reilly, DT and Burstein, AH J. Biomech 8(6):393-405, 1975.(6) Brown,
result in a significantly reduced stem push-out load and that the pushout CU et al. J. Biomech Eng 124(4):456-61,2002.(7) Lakes, R Bone

load would be further reduced due to bone viscoelastic behavior. Stem Mechanics Handbook, 2™ Ed., Boca Raton, CRC Press, p11,2001.(8)
fixation was analyzed using a three-dimensional finite element model Cameron, Hu et al, ] Biomed Mater Res 7(4):301-11, 1973. (9)Cameron,
and was evaluated by stem pushout load 24 hours after stem HU. J Arthroplasty 19(4 Suppl 1):99-103,2004. (10) Rancourt et al. J
implantation. Biomed Mater Res 24:1503-1519, 1990..

METHODS:

The cross-section of the femoral bone intramedullary canal was assumed
to be elliptical (Figure 1). 3D solid 8 node linear brick elements with
reduced integration were used for both the bone and the stem for the
finite element analysis using ABAQUS (Pawtucket, RI). The stem was
modeled as a cobalt-chromium alloy with isotropic and homogeneous
properties, where the modulus of elasticity was 210 GPa and Poisson’s
ratio was 0.3. The cortical bone was assumed to be transversely
isotropic (5 )and viscoelastic (6). A distributed load was applied to the top
of the stem as a uniform pressure. The bottom cross-section of nodes
was prevented from moving axially and radially. The friction for the
press-fit was based upon the classic Coulomb dry friction model [7].
Three different values of friction coefficient, |1, were used in this study: P =0.15 was
selected to represent well-lubricated friction between the cortical bone and the

implant; 1 =0.40 was selected to reflect poor lubrication at the stem-bone interface Fig. 1. a) Longitudinal and b) transverse cross-sections (half model shown).

[8,9]; =1.0 was selected to represent the fiiction between bead porous-coated

titanium plates and human cancellous bone [10]. The analysis was split into 1600 T T

three steps: resolution of the interference, and application of the load o | Fpical Bone Mode! 1

with elastic response and application of the load with viscoelastic 2 1w | s P E

response. The Elliptical Bone Model made if possible to run the input B ook —n01s ‘,-"' ]

file for different nominal interference values, which were translated into 5 ',"

contact area between the stem and canal wall. Percentage of contact % i o =T ]

area were then calculated by dividing by the value if the canal cross- FERa . ‘,--"',"" - 1

section had been circular & a0 [ ’,-;"D' E
200 V———__ B

RESULTS: \ \ \ \

Stem pushout load had a nonlinear relationship with percent contact area
(Figure 2); pushout load increased with contact area asymptotically and
increased with coefficient of friction. The pushout load is also shown

plotted against stem-bone interference and is shown compared with Fig. 2. Stem push-out load vs. contact area for elliptical bone canal.
results of a circular intramedullary canal (Fig. 3) (4). The data shows

Stem-Bone Contact Area (%)

110* T

that there is a significant reduction in pushout load when the canal is
elliptical and contact area is reduced for all values of coefficient of N e
friction. As shown previously, coefficient of friction significantly affects z ’;' Circular Bone Model  Elliptical Bone Model
the pushout load; pushout load decreases as the canal is more lubricated. g ; TEp=10 =10

2 6000 [ e--pz04  —e—p=o04 ]

2 ! --v--u=0.15 —¥—u=015
DISCUSSION: ;@ 7777777777777777 .
Based upon the results of this study, reduced stem-bone contact area has g 4000 o o 1
a diminishing effect upon the pushout load for distally press-fit femoral 2
implants. The pushout load of a stem in a circular canal is nearly six w08 . l
times greater than the pushout load of a stem in the elliptical canal L v
geometry of the current study. The pushout load will most likely vary 0 i w w i

o 01 02 03 04 05 06 07

significantly as the elliptical canal geometry changes. Additional
reaming yields a more circular canal and additional contact area which
should increase pushout load as demonstrated here. However, it does so
at the expense of cortical bone thickness. The increase in pushout load

Stem-Bone Interference (mm)

Fig. 3. Stem push-out load vs. stem-bone interference.
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