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Abstract

Background—Scratches on the metal bearing surface of metal-on-polyethylene total joint
replacements have been found to appreciably accelerate abrasive/adhesive wear of polyethylene, and
constitute a source of the considerable variability of wear rate seen within clinical cohorts. Scratch
orientation with respect to the local direction of relative surface sliding is presumably a factor
affecting instantaneous debris liberation during articulation.

Method of Approach—A three-dimensional local finite element model was developed of
orientation-specific polyethylene articulation with a scratched metal counterface, to explore
continuum-level stress/strain parameters potentially correlating with the orientation dependence of
scratch wear in a corresponding physical experiment.

Results—Computed maximum stress values exceeded the yield strength of ultra-high molecular
weight polyethylene (UHMWPE) for all scratch orientations, but did not vary appreciably among
scratch orientations. Two continuum-level parameters judged most consistent overall with the
direction dependence of experimental wear were: (1) cumulative compressive total normal strain in
the direction of loading, and (2) maximum instantaneous compressive total normal strain transverse
to the sliding direction.

Conclusions—Such stress/strain metrics could be useful in global computational models of wear
acceleration, as surrogates to incorporate anisotropy of local metal surface roughening.
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INTRODUCTION

Roughening of the metal counterface is responsible for substantial increase of wear rate in
metal-on-polyethylene total joint replacements 1~4 This arguably is the cause of much of the
variability in wear rates and wear directions seen among individual patients within study
cohorts 2. Retrieved femoral heads often show scratch damage (burnishing) involving
substantial fractions of the head surface area. Determination of a consistent and direct
relationship between conventional tribologic mean surface roughness parameters (R, Rp, etc.)
and ensuing implant wear has proven elusive 8-10 This has prompted several groups to study
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scratch patterns, toward a more definitive determinant of wear acceleration propensity - 19,

1. Scratches are widely regarded as resulting from 3" body ingress into the bearing surface,
the debris responsible being in forms such as bone mineral crystals, bone cement particles,
radio-opacifier particles, porous coating particles, or metal frettings 8,9,12-14 1t has been
argued that even some 3/ bOdY fartlcles that are (moderately) softer than the counterface are
capable of causing scratching

Scratch-induced wear of polyethylene (conventional or crosslinked) in total hip arthroplasty
(THA) is due to local material failure. It seems reasonable that the direction of scratches on
the metal counterface, relative to the direction of local sliding of the opposing polyethylene,
would have an effect on the amount of wear produced during articulation. Past research
involving scratch wear has presumed that the greatest wear occurs with scratches oriented
perpendicular (90°) to the direction of mation 5-22 . Plausibly, however, more wear debris
might well be liberated at a more acute attack angle, for example, from shearing-off of
polyethylene by scratch lip asperities.

Recent developments in whole-joint computational wear simulation have proven helpful for
understanding individual prosthesis design parameters 23, and for understanding the relative
criticality of specific roughened regions in terms of accelerating wear 24 1o date, however,
such models have not addressed scratch directionality. Such anisotropic influence might be
implemented at the global analysis level using appropriate continuum surrogates, given formal
mappings of scratch topography. Toward that end, a local computational model was developed
to phenomenologically survey which stress/strain tensorial component(s), or which metric(s)
involving several such components, might show orientation dependence resembling that
observed experimentally. Such surrogate(s) could be useful to account for scratch-direction-
dependent wear acceleration in global computational models incorporating anisotropic surface
damage.

MATERIALS AND METHODS

The physical experiment to which the (below-described) finite element model was matched
involved reciprocal motions of arrays of 550 parallel scratches, diamond-scribed at 150-um
intervals on lapped (R, < 100 nm) 316L stainless steel plates. These scratches had nominal lip
heights, lip widths and furrow widths of 1.3, 22 and 23 pum, respectively (Figure 1). The width
of inter-scratch spacing and the dlmensmns of the individual scratches (which resemble typical
large scratches found on retrievals 1 ) were such as to produce a substantial volume of wear
in a relatively short time. This severe degree of damage was not intended to directly replicate
an in situ articular environment, but rather to generate sufficient wear to facilitate
discrimination of the effect of scratch directionality.

Using a Scotch yoke pin-on-plate fixture installed on a biaxial load frame, the scratched
counterface plate was drlven reciprocally against a simple flat-ended cylindrical 25.4 mm
diameter polyethylene pm (Figure 2), while loaded axially by 1269 N (nominal stress = 2.5
MPa). Parametric tests were conducted, in which the plate was moved across the polyethylene
pin at angles of 0, 2.5, 5, 10, 15, 20, 30, 45, 60, and 90° relative to the scratch orientation. This
was done both for both conventlonal polyethylene (CPE, HSS Reference, 4150HP, Poly Hi
Solidur, Ft. Wayne, IN 2 ) and for highly crosslinked polyethylene (HXPE, DePuy
Marathon®2, Warsaw, IN). The contact surface was kept immersed in 100% fetal bovine serum
(treated with 10 mM EDTA and 0.01% sodium azide to prevent microbial growth), with wear
periodically assessed gravimetrically. Tests were run to 90,000 cycles at an average
(sinusoidal) sliding speed of 72 mm/s, with steady-state behavior typically ensuing at about
60,000 cycles.
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Acthree-dimensional local finite element model (Figures 2,3) of this experiment was developed,
to explore continuum-level stress/strain parameters potentially correlating with the direction-
dependent interaction observed experimentally. Scratch-angle-specific meshes were generated
to replicate the orientations of scratch traverse in the physical wear experiment. A loaded
scratch was driven under displacement control across the polyethylene surface (Figure 3), with
stress/strain data being registered at fiducial elements on the surface throughout course of
scratch approach, over-passage and recession.

Finite element geometries were defined and meshed using PATRAN (r3, MSC.Software
Corporation, Santa Ana, CA). These were input to the ABAQUS solver (v 6.4-2, ABAQUS,
Inc., Pawtucket, RI), and were post-processed using ABAQUS/Viewer. Additional post-
processing was performed using scripts custom-written in MATLAB 6.5.1 (The Mathworks,
Inc., Natick, MA).

Although a suitably refined local finite element model for the entire testing interface would
have been intractable, the physical system’s periodicity allowed isolating a single scratch. This
assumed, effectively, that the same local instantaneous stress-strain history would recur over
and over at a given point on the polyethylene surface, due to large numbers of over-passages
of identical scratches. A provisional assumption was made (subsequently verified
computationally) that the inter-scratch-lip distance, scratch lip height, polyethylene material
properties, and loading were such that contact occurred only on scratch lips, rather than also
on the (flat) inter-scratch regions of the metal surface. Accordingly, the corresponding load
per unit scratch lip length (185 N/m for the 1269 N loads used experimentally) was employed
in the computational model. Since the polyethylene pin remained entirely within the scratched
region of the plate, the total length of scratch lip “line contact” (6.8 m) remained constant
throughoutthe duty cycle. A rectangular polyethylene solid of finite size and appropriate aspect
ratio 26 was generated for each specific scratch orientation.

Topographic data from a representative scratch lip profile were captured using a laser scanning
microscope (0.01 um depth accuracy, 0.3 um sampling resolution), and directly transferred to
the finite element model (Figure 1). Both the polyethylene surface and inter-scratch areas of

the metal plate were modeled as flat.

Constitutively, UHMWPE was modeled using a fourth-order relationship for tangent modulus
E as a function of von Mises stress, as reported by Cripton 27, An h-convergence series run
for a nominally corresponding Hertzian contact problem 26 gstablished that 0.3334 pum was
an appropriate dimension for the polyethylene elements. A rigid-on-deformable local contact
condition was invoked, with a Coulombic friction coefficient of 0.038 28. The analysis was
quasi-static and modeled nonlinear contact geometry. Boundary conditions specified for the
respective faces of the folyethylene block were configured so as to have the block approximate
an infinite half-space 6,

The provisionally assumed simplification of the counterface topography to a single scratch lip
was justified using a 2-D plane strain finite element simulation of sliding contact <°, executed
for nonlinear UHMWPE, under the full prescribed service load of 185 N/m. Under these
conditions, stress field “disturbances” from neighboring scratches were effectively isolated
from each other, as indeed even were those from the two scratch lips on opposing sides of a
given scratch furrow. A reference node representing the rigid Bezier surface of the scratch lip
was utilized to prescribe the kinematics of the scratch lip.

A metric was formulated to reflect cumulative mechanical stimulus to the polyethylene during
an event of scratch approach, over-passage, and recession. Full tensorial stress and strain data
were output for five fiducial elements located centrally on the polyethylene, at serial instants
(typically, 50) throughout the slide event. The overall putative stimulus @ delivered to a given
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site on the polyethylene during a scratch encounter was indexed as follows. Consider a
plausibly physically consequential instantaneous surrogate wear parameter ¢. For example,
¢ might be an individual component of stress or an individual component of strain, or a function
derived from some combination thereof (e.g., strain energy density). For a quasi-static sliding
event, the cumulative stimulus @ (Equation 1) can be characterized in terms of the history
integral of the instantaneous value of the candidate stimulus parameter, i.e.,

=00

Q= [ ¢-dt
S ()

In the context of finite element analysis, where solutions are reported only at discrete times,
and where (for tractability) the analysis is restricted only to the immediate “time neighborhood”
of appreciable stress disturbance due to scratch encounter, the corresponding discretized
expression (Equation (2)) is

i=imax
D= Z wilAl;
i=io (2)

Here, ig is the first finite element solution increment for which supra-background stress ensues
with oncoming scratch approach, inmay is the last solution increment for which supra-
background stress persists as the scratch recedes after over-passage, and At; is the time
increment between successive FEA solution reports.

The dimensional units of the kernel (¢) and the integrand (® ) varied, according to the specific
composition of the candidate mechanical stimulus. To facilitate commonality of subsequent
correlation comparisons of potential surrogates with experimentally observed volumetric wear
rates (units of mm3/million cycles per mm? of platen area, A, engaged), a dimensional
compensation term y was included in the surrogate computational volumetric wear (V)
prediction expression, Equation (3).

V=AxDxy (3)

For example, if the candidate kernel parameter ¢ was compressive normal stress oo,, the units
N - sec
mm?

of A *® would be mm? (for A)*

I‘i’ll’l’l3

units of Jizion - cycles - N - sec- Tus, the units for each term in Equation (3) would be

(for @), i.e. N -sec, in which case y would need to take

mm® ,» N-sec mm?

mm- *

_— ES
million - cycles mm?2  million - cycles - N - sec

Four separate registry treatments were considered to implement the ® summation. The first of
these involved summing all incremental kernel values, without segregating by algebraic sense;
that is, negative values were combined with positive values, thus admitting the possibility of
partial cancellation. In the second treatment, absolute values of each incremental ¢ were
summed. The third and fourth treatments involved summing only the positive and only the
negative ¢ values, respectively. Additionally, four non-summation-based metrics of
mechanical stimulus were considered: the maximum peak-to-valley excursion for each kernel
parameter ¢, and that kernel parameter’s algebraic maximum, algebraic minimum, and absolute
maximum throughout the scratch passage event.

Wear correlations with plastic strains areas were also considered, prompted by the localized
scratch finite element model reported by McNie et al. 29 For each scratch orientation, a
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predetermined set of centrally-located surface/subsurface fiducial elements were interrogated
for plastic strains occurring above specific thresholds. The total cross-sectional area (in the
plane of the axes of loading and motion) was summed for those elements experiencing supra-
threshold strains at any instant during the scratch encounter. The maximum instantaneous area
of plastic strain above these specific thresholds was registered, as were the areas for principal
plastic strain and maximum plastic shear strain. Again, plastic strain area results were
segregated by maximum positive and negative values of strain, respectively, maximum
absolute magnitudes of strain, and by residual plastic strain. These plastic strain areas were
tabulated for 20 different plastic strain thresholds, spanning two orders of magnitude (0, 0.0005,
0.001-0.01 by increments of 0.001, and 0.01-0.09 by increments of 0.01). Additionally, the
scratch angle dependence of the product of maximum instantaneous area of plastic strain times
magnitude of plastic strain was investigated, for all four of the above-segregated areas and all
20 plastic strain thresholds. In total, 1,027 different stimulus variants were considered as
possible surrogate metrics of wear, both for conventional and for highly crosslinked
polyethylene (2,054 comparisons overall).

For both polyethylene variants, correspondence of the candidate metrics with the
experimentally observed scratch direction-dependence of wear was evaluated both by objective
measures of goodness-of-fit, and visually for specific qualitative criteria. All candidate metrics
were formally ranked according to the average of three goodness-of-fit measures. The first of
these measures was the cross-correlation coefficient r, defined 30 as follows:

ny

D (@) = mo)(V() —my)

\J > (@) - ma)? J >V -my

Here, ® and V represent values of the surrogate metric and the experimental wear for a set of
ng scratch angles, with m® and my, denoting the respective means. The second goodness-of-
fit measure was the area fraction A shared by two respective wear-vs-direction curves, after
normalization to ensure equal areas. The third measure of fit was an R? correlative statistic
emerging from a random-fixed effects regression model. Briefly (details in Appendix A),
analysis of variance (ANOVA) was performed both including and not including the
computational dataset as a predictor of the experimental dataset. The improvement in variance
achieved by adding the computational dataset as a predictor yielded an R? statistic for that
computational dataset. For visual assessments, plots of each ¢ parameter were reviewed
manually throughout the individual scratch passage event, as were (normalized) plots of the
corresponding @ values versus angle-dependent experimental wear.

r=

(4)

Experimentally, for conventional UHMWPE, a scratch oriented at 15° with respect to the
sliding direction produced the greatest wear. The direction of greatest wear for crosslinked
UHMWRPE was 5°. In the finite element model, maximum stress values did not vary appreciably
with scratch orientation. Rather, UHMWPE stresses achieved similarly supra-yield magnitudes
for all scratch orientations. Peak normal stresses and principal stresses typically approached
60 MPa during scratch over-passage, while peak shear stresses were typically on the order of
10 MPa.

Two continuum wear surrogates were judged to most reasonably resemble the scratch lip
direction-dependence observed experimentally. These two best-performing surrogates were
(1) the cumulative compressive total normal strain in the direction of loading, and (2) the
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maximum instantaneous compressive total normal strain in the direction transverse to sliding
(Figure 4). “Total strain” in this context denotes the sum of elastic plus plastic logarithmic
strain.

A truncated list of candidate surrogates demonstrating the best quality of fit to scratch-
direction-dependent experimental wear is presented in Table 1. Overall, the various surrogates
computed in the finite element simulation did not show an ability to better fit the angle-
dependence of one polyethylene material variant as opposed to the other. The entire quality-
of-fit distribution is presented in Figure 5. lllustrative angle-dependencies of fits of candidate
metrics are displayed in Figure 6, demonstrating the spectrum of predictive capability. The
relative performance of these particular parameters (with respect to the complete set of
available candidates) can be appreciated from Figure 5.

Once the complete list of candidate mechanical stimulus parameters was ranked according to
quality-of-fit Q, the highest-ranking candidates (those with Q > 0.5) were further screened
visually, to ensure that they met four qualitative criteria. First, because desirable surrogate
candidates needed to have a direction-dependent relationship that tended toward a single
maximum, candidates presenting multiple discrete maxima of similar magnitude were
eliminated from consideration. Similarly, candidates showing a relatively uniform distribution
were excluded, as were those that had a global maximum at a scratch angle inconsistent with
the experimental relationship. Fourth, since both positive-valued and negative-valued variants
were evaluated for most potential surrogates, it seemed reasonable not to place credence in a
given candidate (e.g., positive stress in the 2-direction) if its complement (negative stress in
the 2-direction) was of far greater magnitude. Therefore, candidate surrogates involving normal
stress were eliminated if their complement (reflecting physically distinct behavior in tension
versus compression) was two or more orders of magnitude greater. Shear stress/strain
components were eliminated if their complements were even nominally greater, since shear is
physically similar for positive and negative values. Distribution choppiness (Fig 6a), per se,
was not a basis for exclusion, provided that the Q value was high and that none of the above
four exclusion criteria were applicable.

Two surrogates emerged as being overall most appropriate. These were (1) cumulative total
(elastic + plastic) compressive normal strain in the direction of loading, and (2) maximum
instantaneous total compressive normal strain transverse to the sliding direction. Secondary
parametric influences (e.qg., leading lip versus trailing lip passage, repeated lip passage residual
gtéains) and variants of data normalization and interpolation are reported in detail elsewhere

DISCUSSION

A reciprocal, unidirectional duty cycle was adopted experimentally in the interest of preserving
consistent orientation between scratch direction and counterface motion, thereby allowing
isolation of the specific effect - scratch directionality - under study. For wear of UHMWPE
against polished counterfaces, it is well recognized that such a duty cycle fails to incorporate
the crossing-path motions responsible for shearing off striations of polyethylene produced by
asperity adhesion/abrasion, and thus tends to underestimate the wear occurring in the actual
(invivo) service environment 31,32 Inthe present experimental embodiment, however, besides
achieving the desired effect of isolating the variable of primary interest (scratch directionality),
there is a potent (indeed, arguably dominant) crossing-path effect, owing to scratch obliquity.

Computationally, the vast majority of the candidate mechanical parameters that were
considered as potential wear surrogates turned out to correlate unremarkably (i.e., 1,984 of the
2,054 considered had Q < 0.5), or indeed even poorly (1,063 had Q < 0.3) with the
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experimentally observed scratch direction-dependence of polyethylene wear (Figure 6). The
dominant shortcoming in that regard arose from failure to replicate the pronounced wear rate
maximum consistently observed experimentally for scratches oriented at low angles (5-15°)
relative to the sliding direction. The local FEA model did not incorporate a formal material
failure criterion to directly model abrasive/adhesive wear, but many of the potential wear
surrogates considered were parameters that are strongly associated with continuum-level
material failure processes (e.g., first principal stress with tensile failure, von Mises stress with
shear failure). Thus, one might reasonably infer that, had the local FEA model formally
implemented a material failure mode, the scratch angle-dependence of such a failure process
(e.9., tensile failure) would have been very highly correlated with the scratch angle-dependence
of the failure-associated surrogate measure (i.e., first principal stress).

Given the observed insensitivity of the local stress and strain fields to scratch angle, one would
not expect these simple metrics to be good predictors of angle-dependent wear rate. However,
for metrics which implicitly incorporate a kinematic effect (e.g., stress or strain components
transverse to the sliding direction), or those which explicitly incorporate a cumulative stimulus
during scratch overpassage, the opportunities for correlation with physical wear mechanisms
would seemingly be better. Although none of the individual surrogate mechanical parameters
that were evaluated showed highly precise (Q > 0.9) or strong (Q > 0.7) replication of the
experimentally observed relationship between scratch angle and wear rate, a small subset of
them showed modest correlation (70 had Q > 0.5). Such surrogates therefore might plausibly
be useful for phenomenological prediction of wear in FEA models of local asperities, and/or
for making adjustments to global-level FEA wear predictions to possibly account for
anisotropic roughening effects. Also, given these best-correlating parameters’ associations
with specific physical failure mechanisms, one might also reasonably infer the failure
mechanism(s) associated with polyethylene wear rate acceleration in the presence of 3" body-
induced scratch damage of a metal counterface. In that regard, a “slicing” paradigm suggests
itself quite compellingly, rather than the sort of a “plowing” mechanism intuitively associated
with scratches oriented nearly perpendicular to the direction of relative surface motion.

Obviously, the stress distributions computed in the present local finite element model were
predicated on the numbers, spacing, and lip height of scratches being such that the global
contact load was supported entirely by “line contact” with scratch lips, rather than being
supported substantially by unscratched surface regions. While this local FEA model was a
realistic replication of the corresponding physical testing set-up, the latter had been deliberately
designed to generate very large amounts of debris in short periods of time, in order to accentuate
possible directional differences. The particular scratch profile utilized experimentally and
computationally was representative of typical in vivo 3™ body damage, but the numbers/
spacing of such scratches in the model corresponded to a situation far more abusive than would
conceivably be tolerable in vivo. (As a point of reference, the absolute wear factor for the
present 15° scratch angle experiments for conventional polyethylene averaged 5x10% mm?3/
N-m, whereas typical wear factors for borderline-wear-problematic THA implants are on the
order of 1.2-1.9x10~ mm?3/N-m 39108 ) Nevertheless, even though the great majority of load
in clinical THA constructs is presumably supported by polished/ undamaged surface regions
rather than by scratch lips, the present data arguably isolate the direction-dependence of wear
rate acceleration due to whatever population of scratches happens to be physically present.

The maximum instantaneous area of plastic strain during scratch engagement was found to
correlate fairly well with the experimental scratch-direction-dependence of wear, supporting
the results of McNie et al.’s 2-D FEA work on scratch asperity damage to UHMWPE 1529,
The results of the present study are also consistent with that group’s observation that the area
(or volume, in the case of the present 3-D formulation) of polyethylene undergoing plastic
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strain may more reliably relate to wear volume than does the magnitude of maximum plastic
strain per se.

High surface and subsurface plastic strains have been associated with the initiation of both
surface ripples 33 and with fatigue micro-cracks on or below the surface 29 The migration of
such micro-cracks to the surface is believed to promote formation of polyethylene debris,
potentially encouraging liberation of fibers or ridges tens of microns in length 4 Inthe present
study, such large fibers were ubiquitous in particle populations harvested from the lubricant
(Figure 7) when a scratched counterface was involved. As a negative control, an otherwise
similar non-roughened metal plate (R;< 100 nm) reciprocating against polyethylene produced
particles of submicron or micron size (Figure 7), resembling the predominant volumetric
fraction of particles observed to surround total joints in vivo.

In summary, a finite element model was used to investigate the sliding articulation of
polyethylene with parametrically-oriented scratch lips, surveying field variable histories in an
attempt to identify continuum parameters empirically associated with corresponding
experimentally-determined wear dependence. All candidate parameters were graphically
reviewed manually, and were formally ranked statistically. The best correlating of these
surrogates - two variants of compressive total strain - potentially provide a basis by which to
account for anisotropic scratch damage in global FEA models of accelerated wear due to
articulation against roughened femoral heads.
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Random/Fixed-Effects Statistical Regression Model M1 mean model with random subject
effects:

Yij

Yij=Po+sj+eEij

is the outcome for the

jth subject (scratched plate) j = 1, 2, ..., n,

ithanglei=1,2,..,t

n = 3 subjects/plates, t = 10 angles

N =nt =310 = 30 total outcomes

sj (the subject effects) are normally distributed with mean 0 and variance 2

ei-b(individual observation errors) are normally distributed with mean 0 and variance
[¢)

ANOVA table:

SOURCE
subject

error(residual)

SS df

n n-1
ss(subj) £ (7. .= 3.)2
N B
i f( )2 N-n—-1
SS(error P ;
o 2, 2,0y~ 7

SS(subj) — sum of squares due to subjects

SS(error) — sum of squares due to error (or residual)

Subscript y.j denotes the average of all angles i, for subject j

Subscript y.. denotes the average of all subjects across all the angles

From these compute:
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MS(subj)=SS(subj)/(n — 1) and
MS(error)=SS(error)/[ N — n].

The variance estimates are the following:
error variance=MS(error)

subject variance=[ MS(subj) — MS(error)]/n.

Note: if subject variance is negative, then it is set equal to 0.

M2 model with predictor and fixed subject effects:
Yij=BotB1xij+sjte;;

where yjj, sj, and &;; are the same as before, and

Xjj is the predicted value for the outcome yj; obtained from the candidate surrogate.

Note that xj; = xj (same prediction for each subject)

Same assumptions on subject and error terms as in M1.

Slope and intercept estimates p; and f 5, using standard formulas for simple linear regression,

are:
t n t n
ZZ(XU -0 =) szijyij — Nxy

E S§S8yy =l j=1 i=1 j=1 d E _ E_
= = = an =y - X
1 SS.. 0=y 1

NI WS

i=1 j=1 i=1 j=1

Alternatively, if applying MATLAB software, one can also use the matrix formula

i~y ’ -1
B=(X"X) X’f where X contains a column vector of ones and a column vector with the x values

(repeated three times end-to-end), X denotes the transpose of X, and Y'is the outcome column
vector of all three random subjects yi1, Vi2, and yjs, listed end-to-end.

= | Bo
Then ’[j_[ Bi l
The predicted value, yjj, for each angle on each plate, using fixed subject effects, is:
Yij=Bo+B1Xij+s; (where x;j=x;)

we treat subjects as fixed
sj = Jj — . is the estimate for subject effect, treating subjects as fixed.
ANOVA table:

SOURCE
subject

error(residual)

SS df

n n-1
ss(subj) £ (7. .= 3.)2
b B
t n N-n
— )2
SS(error) l;JZI(yU y1j)
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Then, with

MS(subj)=SS(subj)/(n — 1) and MS(error)=SS(error)/[N —n — 1],

the variance estimates are again:

error variance=MS(error) and subject variance =[ MS(subj) — MS(error)]/n.

Then R — squared is (varl — Var2)/Varl=

[ (M1 subject variance+M1 residual variance)
—(M2 subject variance+M2 residual variance)]
/(M1 subject variance+M1 residual variance)
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y (Hm)

furrow

Figure 1.

(Top) Laser scanning microscopy image of custom scratch profile created on 316L stainless
steel. (Note the scale differences, which accentuate the scratch for visual emphasis.) (Bottom)
Scratch profile (cross-section) employed as the counterface surface in the FE model.
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@) (b) ©

Figure 2.

(A) Pin-plate articulating couple used in polyethylene-stainless steel reciprocating wear tester.
The parallel scratches on surface of the metal platen are spaced 150 um apart. (B) The
corresponding polyethylene continuum mesh (white) and analytical scratched stainless steel
surface (gray) utilized in the finite element model. (C) Enlarged view illustrating the spatial
refinement of the polyethylene mesh in the region used for data registry.
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Figure 3.

Contour plot of instantaneous longitudinal normal stress during passage of a scratch oriented
at 45°. Note the edge effect near the sides of the block. Fiducial nodes for stress registry were
therefore located along the block centerline.
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Figure 4.

The two surrogate mechanical stimuli judged to best resemble the scratch lip direction-
dependence of experimental wear. “Total strain” refers to the sum of elastic and plastic strain
in the specified component direction.
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Quality of Fit (Rank Ordered) of Potential Wear Surrogates
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1 1 1 1 1 1
200 400 600 800 1000 1200

Ranking

Figure 5.

Statistical fit distribution for all 2,054 comparisons of surrogate candidates to experimental
wear. Selected cases (red dots) are illustrated in Figure 6, in order of decreasing quality of fit.
Note: after the worst-fitting candidate listed above (#1310, quality of fit = 0.046), for
administrative/procedural reasons, all remaining candidates involved incomplete datasets, and
were assigned a quality of fit = 0.
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Selected plots of computational surrogate candidates representing a variety of mechanical
stimuli and a range of statistical fit quality. These twelve plots correspond to the respective

symbols on the distribution curve in Figure 5.
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Figure 7.

UHMWPE debris particles collected from the experimental apparatus following articulation.
(a) Particles generated by a scratched surface were typically orders larger than the most
biologically reactive submicron debris. Here, a particle of crosslinked UHMWPE is presented,
produced by a scratch orientation of 5°. (b) A smooth articulation couple produced debris that
were of submicron- or micron-order size, similar to the overwhelming volumetric fraction of
particles found in tissues surrounding an implanted total joint in vivo. Further details regarding
the relationships between local stress fields and sliding parameters are reported elsewhere2®.

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 21

Paul et al.

"IdMINHN Paxulssod AYBy = X :IdMINHN

[BUOIUBAUOD = A ‘[elialeA = 3N (ureais onised Jo eade ue Bunndwod ui pasn ‘ureds onsed Jo) pjoysadyl = ysayl ‘(urens onse|d) [enpisay = say :(ainjre} 1o} ainseaw anbiyey e Jo aAnsabitins) Buims
A8|[eA-01-B3d 911949 Xew = Ad ‘apniubew ainjosge (sAlrejnwind) xew = |w| ‘apnyubew anjosge (snosuejueisul) Xe|N = [N ‘aA1eBau Xel = —X|A 8A1Nsod XelN = +XIAl ‘SanjeA sAleBsN = (-) ‘sanjea
BAINSOd = (+) ‘A11s169Y = ABY SS811S 9AI108JJ9 SOSIIAl UOA = NI ‘SSB1IS SAI10844 ©ISI | = BI| ‘9)elS JBayS = JyS :ainssald JusjeAinbs = sid ‘ajeis [ewloN = JWN :[edidutid Xe\ = dXIA ‘[edidutid uliy
= dUIA ‘(slusuodwiod [e1i10sus) parepljosuod 1oy apniiubew aAndale SNOVAY) .apPNHUBRIA, = .IA,, ‘(31e1s Jeays snid a1els Jewlou) alels [elauss) = Jus) ‘(siuauodwod [eriosus) palepijosuod 1o} anjea
anaye sNOVAY) LJusjeainb3,, = .3, {(10sSua) $$J1S 8} JO JUBUILLIBIEP) SSJIS JO JURLIBAU| pi€ = pi€ ‘uonoalIp-T ayl ul pue ‘aueld-T ay3 ul sninwins = 1T ‘Jusuodwo) = dw) ‘A10isiH (sA1rRINWND)

= H ‘snosuejuelsu| = | ‘uoneubisaq [edodwa] = @l ‘ABiau3 urens [el0] = 3S ‘urens [elo] = S ‘ABisu3 urens onseld = 3Sd ‘UIenS onseld = Sd ‘urens anse|d Jo ealy o apniubey = YIN
‘UIRAS 911SB|d 0 BaIY = SdV ‘snjnwins = uns ( Amw_ + +)/T =) 1y Jo Aupend = O :siuerea Buipuodse10d pue sBuipesy uwn|od aAoge 8y} 1o} pasn suonelAaigae sapiroid Asy Buimoljoy ayL :31ON

X ) pig H S 0050 0L A 1000 —XIN 4 | Sdv 9250 Ge
X €00 = | Sdv 0050 69 A 1000 +XIN dUn | Sdv 8250 e
X €00 <AL, | Sdv 2050 89 A 1000 +XIN I | Sdv 8250 e
X +XIN (4 | S 2050 19 A 2000 —XIN 4 | Sdv 8250 z€
X Il 4 | S 2050 99 X +XIN ra4 | S 6250 1€
X ) I H S 2050 G9 X 9000 —XIN dUuN | Sdv 6250 0g
X 9000 = | Sdv €050 9 X 9000 Il dUun | Sdv 6250 62
X 200 —XIN dun | Sdv €050 €9 X 1000 L, | Sdv 1€5°0 8z
X 200 Il dunN | Sdv €050 29 A +XIN €C | Sd 1€5°0 Iz
X 1000 = | Sdv €050 19 X 9000 SXIN | Sdv GES0 9z
X 0 SXIN | VA €050 09 X SXIN | SL 1€G°0 514
X €00 SXIN | Sdv 7050 65 A (+) €C H SL 6€S°0 144
A 2000 +XIN dun | Sdv 050 85 X €00 +XIN dXIN | Sdv 750 14
X 200 WAL, | Sdv 050 1S X €00 Al dXIN | Sdv 7S50 44
A 2000 XN dXIN 1 Sdv G050 95 X [l €2 1 Sl 950 12
A 1000 —XIN dXIN | Sdv 9050 ag X 0 = | VA 950 0z
A 9000 —XIN ra4 | Sdv 8050 S X —XIN dUn | SL 8750 6T
A =) €T H SL 0TS0 €5 X Al dun 1 Sl 8vS'0 8T
A —XIN €T | SL 1150 4] A S000°0 +XIN 1T | Sdv 6750 1T
X 5000 SXIN | Sdv ¥15°0 15 X 200 SXIN | Sdv £55°0 9T
X 0 —XIN dun | VN 9150 0 X 500 W3, I Sdv 9550 Gl
X 0 Il dun | VA 9150 6¥ X —XIN e | SL 6550 T
A 5000 +XIN dun | Sdv 9150 8Y X Il e | SL 6550 €T
A 50000 +XIN dUn | Sdv 9150 Ly X 100 —XIN dUn I Sdv 6950 4
A G000°0 —XIN dXIN | Sdv 9150 o X 100 Il dUuN | Sdv 6950 1T
X U9 | 3sd 1150 Y% X 600°0 +XIN dXIN | Sdv €150 0T
X 5000 +XIN dXIN | Sdv 1150 44 X 6000 Al dXIN | Sdv €150 6

X 5000 Il dXIN | Sdv 1150 [ X 6000 SXIN | Sdv G/G0 8

X 9000 WAL, | Sdv 8150 A% A Ad ra4 | SL 9/5°0 L

X +XIN dXIN | SL 8150 1% X 6000 —XNl du | Sdv 8150 9

X Il dXIN | SL 8750 or X 6000 Il du | Sdv 8150 S

X 5000 —XIN dun | Sdv 6150 6¢ A ) ra4 H SL 6850 4

X 5000 [l duN 1 Sdv 6150 8¢ A —XN 2z 1 Sl 1650 €

A +XIN (54 | SL G250 1€ X 100 = | Sdv ¥19°0 z

X 2000 +XIN ra4 | Sdv G250 9 A (+) (54 H Sd £29°0 1

A ysayL Ay dwo aL wls 0O suey N ysayL ABy dwo aL wis o) Suey

"suoneINaIqQe 10} 3]qel

Buimo||oy A8y ayi 01 Jayal ases|d "(0g abed) g Xipuaddy ul papiaoad si1s1| Muel 818]dwod ay ] ‘(v Xipuaddy 98S) [apouwl [eansieIs VAONY

$108448 WOPURI/PAX1Y B WOIJ 73 JNSIIRIS dAIR|91100 (€) pue ‘siaserep UsAIb 0mi 8y} 4o s1ojd pazijewiou Ul \y eale paseys Jo uonoely (z) 4

131214902 UoIE|a1109 a-Z (T) :Sainseaw 834y} Jo abesane ayr si O 114 0 Aljenb parejngel syl (IdMINHN Pa3U1SS04I PUB [BUOIIUSAUOD 40}

4oes /20‘T) Jeam JdAMINHN PanIasqo Ajjeluawiiadxa 01 Sarepipued SNINWIS [eIIUBYI8W £G0'Z 8Y3 J0) SHY 8U1 JO 94 Z Buiwiopiad-1seg
TalqelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 22

Paul et al.

2870 A 50000 [l 1T 1 Sdv 6ET 1670 X Nd NA I S 68
810 X ¥0'0 <AL, | Sdv 8eT L6%°0 X Ad ed] I S 88
2810 X Ad dun | Sd L€T L6¥°0 X Nd dun I SL 18
€870 X [l 44 1 SL 9eT 1670 X Nd € I SL 98
£81°0 A 100 —XIN 44 | Sdv GET L6%°0 X Nd s I 3s1 a8
g81'0 A £00°0 +XIN dunN | Sdv veT L6¥°0 X 50000 +XIN A I Sdv 8
G810 A €000 XN dXIN 1 Sdv €erT 1670 X S000°0 Il 4 | Sdv €8
9810 X Ad 44 | S Z€eT L6%°0 X Nd SXIN I SL z8
9870 X (+) sud H S €T 1670 X Nd s | 3Sd 18
9810 A 0 —XIN 44 1 VN 0€T L6%°0 X 90°0 3, I Sdv 08
8810 X —XIN dXIN | S 621 L6V°0 X €00 —XN duin I Sdv 6.
8870 X [l dXIN 1 S 82T 1670 X €00 Il duN | Sdv 8.
68%°0 X Ad dXIN 1 S 12T 86%°0 X Nd e I SL LL
6870 A G000°0 soy 1T | Sdv 9zT 86%°0 X ¥0°0 o3, I Sdv 9/
6810 X s | 3s1 er4 8610 A (+) e H S S.
06%°0 X —XIN e 1 S veT 6670 X 50000 XN ras I Sdv i
06%°0 X Il e | S €1 6670 X —XN pig I S €L
060 X Ad 1T | S 445 66%°0 X Il pig I S zL
16%°0 X Ad sid 1 S 12T 6670 X 0 WAL, I VN TL
0050 X ) pig H S 0L 9250 A 1000 —XN A I Sdv Ge
0050 X €00 <3, | Sdv 69 8250 A 1000 +XIN dun I Sdv ve
2050 X €00 <AL, 1 Sdv 89 8250 A 1000 +XIN ra4 I Sdv e
2050 X +XIN € | S 19 8250 A 2000 —XIN T I Sdv z€
2050 X [l €z | S 99 6250 X +XIN ra4 I S 1€
2050 X =) 44 H S 59 6250 X 9000 XN duN I Sdv 0€
€050 X 9000 W3, | Sdv 9 6250 X 9000 Il dUnN I Sdv 62
€050 X 200 —XIN dun | Sdv €9 1€5°0 X L00°0 <AL, I Sdv 8z
€050 X 200 [l dun 1 Sdv 29 1€5°0 A +XN €C I Sd 1z
€050 X 1000 W3, | Sdv 19 GES0 X 9000 SXIN I Sdv 9
€050 X 0 SXIN | Vs 09 LES0 X SXIN I SL 514
7050 X €00 SXIN 1 Sdv 65 6€S0 A +) € H S1 e
7050 A 2000 +XIN duin | Sdv 85 760 X €00 +XIN dXIN I Sdv (4
¥05°0 X 200 <AL, | Sdv 1S 750 X €00 I dXIN I Sdv 44
G050 A 2000 XN dXIN 1 Sdv 95 950 X Il € | S1 12
9050 A 1000 —XN dXIN | Sdv g§ G0 X 0 o3, I VN 0z
8050 A 900°0 —XIN 44 | Sdv S 8v5'0 X —XIN dun I SL 6T
0150 A =) €T H SL €5 8750 X Il duN | S1 8T
1150 A —XN €T | SL 25 6750 A 50000 +XIN 1T I Sdv LT
¥15°0 X 5000 SXIN | Sdv 15 €550 X 200 SXIN I Sdv 9T
9150 X 0 —XIN dun 1 VN 0 9550 X 500 <3, I Sdv ST
9150 X 0 Il dunN | VN 6 6SG°0 X —XN e I SL vT
9150 A 5000 +XIN dunN | Sdv 8Y 6550 X Il e I SL €T
9150 A 50000 +XIN dun 1 Sdv Ly 6950 X 100 XN dUn I Sdv 4
9150 A G000°0 —XN dXIN | Sdv 9 6950 X 100 Il dUnN I Sdv 1T
1150 X V5] | 3sd G €150 X 6000 +XIN dXIN I Sdv 0T
1150 X 5000 +XIN dXIN 1 Sdv 44 €150 X 6000 Il dXIN I Sdv 6

1150 X 5000 Il dXIN | Sdv 5% G/G0 X 6000 SXIN I Sdv 8

8150 X 900°0 <AL, | Sdv % 9/5°0 A Nd ra4 I SL L

8150 X +XIN dXIN 1 Sl 1174 8/5°0 X 6000 XN dUn I Sdv 9

8150 X Il dXIN | SL (0% 8160 X 6000 Il dUnN I Sdv S

6150 X 5000 —XIN dunN | Sdv 6¢ 6850 A =) 44 H SL 14

6150 X 5000 [l dun 1 Sdv 8¢ 1650 A XN e I SL €

G250 A +XIN ¥4 | SL 1€ ¥19°0 X 100 o3, I Sdv z

6250 X 2000 +XIN 44 | Sdv 9 €290 A (+) €C H Sd T

o) A ysayL ABy dwd aL wis suey 0 A usayL ABy dwo aL wis suey

'suoleIAaIgqe o) AoX T 8|qeL 01 Jaal ases|d "Jeam Juapuadap-ajBue yorelds Joy sarebolins syepipued payuel [[e Jo Bunsi| a18jdwo)

NIH-PA Author Manuscript

g xipuaddy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 23

Paul et al.

8’0 A 1000 —XIN 154 1 Sdv 174 €9%°0 X 1000 XN ras I Sdv S6T
8’0 A £00°0 Il (4 | Sdv 474 €9%°0 A Ad pig I S 6T
871’0 A 100 —XIN 14 | Sdv 74 Y9v°0 A 9000 Il ra4 I Sdv €6T
870 A 100 Il 154 1 Sdv we Y9v°0 A 9000 +XIN dUn I Sdv Z6T
6770 A €00 SXIN | Sdv e G910 X +XIN dXIN I S 16T
0St'0 A 8000 —XIN 14 | Sdv ore S91°0 A 6000 Il ra4 I Sdv 06T
0S7'0 A 8000 [l €2z 1 Sdv 6€2 S9%°0 A +) € H S 68T
0St°0 X Ad 4 | S 8ez 991°0 X Nd T I Sd 88T
15¢°0 A —XIN 14 | S 1€2 L9¥'0 A 1000 +XIN ras I Sdv 18T
157°0 A Nd €€ 1 S 9ee 1970 A 1000 Il 4 | Sdv 98T
2510 X —XIN 14 | S Gez 69%°0 A €000 +XIN T I Sdv G8T
510 A —XIN €T | S e 69%°0 A €000 Il ras I Sdv 78T
510 A 50000 +XIN 4 1 Sdv €€z 0L¥'0 A XN pig I S €8T
510 A 90°0 W3, | Sdv 282 0.0 A Il pig I S z8T
510 A €00 —XIN dun | Sdv 1€2 T.¥°0 X (+) T H SL 18T
570 A 50000 [l 4 1 Sdv 0€e 170 A +XIN e I S 08T
510 A €00 Il dunN | Sdv 622 1.0 A —XN sid I S 6.1
510 A —XIN 14 | Sl 822 T.¥°0 A +XIN 4 I S 8.1
570 A [l €2z 1 SL 122 170 A Il € | S LT
2510 A ¥0'0 W3, | Sdv 922 L0 X 8000 o3, I Sdv 9.1
€510 X [l €€ | Sd Y44 eL¥0 A Nd e I SL G/T
¥S7°0 A 100 Il 44 1 Sdv vee eL¥'0 X Nd dXIN I Sd vLT
¥Sv°0 X 200 +XIN dXIN | Sdv (%44 v1v0 X —XN (4 I SL elT
¥S¥°0 X 200 [l dXIN 1 Sdv 444 S.¥°0 X =) 1T H S 2Lt
¥S1°0 A €00 .3, 1 Sdv 144 S0 A XN e I SL T.T
G110 A Il e | SL 0.1 Z61°0 X 0 +XIN dXIN I VN 0zt
S.1°0 X Ad JWN | 3sd 69T Z6%°0 X 0 Il dXIN I VxN 6TT
G170 A Ad 154 1 Sl 89T Z6%°0 X +XIN sud I S 81T
G110 A +XIN dXIN | S 19T Z6%°0 X Il sud I S LTT
9/¥'0 X 45 H S 99T 670 X (+) pig H S 91T
9/t°0 A 50000 +XIN 44 1 Sdv 59T €670 A =) € H S STT
9/t°0 X Ad SXIN | Sd Y91 €610 X —XN 1T I S i
9/¥'0 X 900°0 +XIN dXIN | Sdv €97 €670 X Il 1T I S eTT
9/t°0 X 9000 Il dXIN 1 Sdv 29T €670 A 6000 XN ra4 I Sdv T
L1Y0 X ¥00°0 +XIN dXIN | Sdv 19T ¥67°0 X Ad 44 I SL 11T
LI1Y0 X ¥00°0 SXIN | Sdv 09T 610 X Nd ee I S 0TT
L1¥0 X 5000 <AL, 1 Sdv 65T 610 X Nd ) I 3asL 60T
L1Y0 X 7000 Il dXIN | Sdv 8GT ¥67°0 X Ad dXIN I SL 80T
LI1Y0 X JWN | 3sd ST 8610 X Nd JWN I 3asL 10T
8.1'0 X 1000 +XIN 45 1 Sdv 95T 8610 X +XIN e I S 90T
8110 X 1000 Il 45 | Sdv GST G610 X —XN 44 I S S0T
870 X =) €€ H S ¥ST S6%°0 X Il 2z | S 0T
8.1°0 A 5000 —XIN dXIN 1 Sdv €51 96%°0 X +XIN pig I S €0T
6.1°0 X +XIN ¥4 | SL 25T 961°0 X Ad duin I S 20T
6.1°0 X Ad <AL, | Sd 15T 96%°0 A ¥00°0 —XIN ra4 I Sdv 10T
080 A ¥00°0 +XIN dun 1 Sdv 0ST L6%°0 A 50000 XN ras I Sdv 00T
08%'0 A 2000 +XIN 45 | Sdv 6vT L6V°0 X —XN duin I S 66
0870 A 2000 [l 4 1 Sdv 8vT 1670 X Il duN | S 86
0870 A (+) pig H S T 1670 A =) € H S1 16
08%'0 A 7000 —XN dXIN | Sdv T L6V°0 X Nd U9 I 3sd 96
18%°0 X —XIN 44 | Sl SPT L6¥°0 X U9 I 3asL 6
2870 X =) sud H S 124" 1670 A 7000 Il e | Sdv 6
810 X +XIN 44 | SL v L6V°0 X JWN I 3s1 €6
2810 X INA | S [a" L6¥°0 X Nd 4 I S 26
810 X ©d| 1 S T L6%°0 X Nd SXIN I S 6
810 X SXIN | S orT L6V°0 X Nd pig I S 06
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 24

Paul et al.

120 A 500 —XIN 154 1 Sdv 15€ Al A XN dUn I S T0€
1270 A 500 Il (4 | Sdv 0S€E €ev 0 A | dUnN I S 00€g
1270 A —XIN dXIN | S 6 SAl] A 50000 —XIN €T I Sdv 662
1270 A [l dXIN 1 S 8ve eer'o A £00°0 SXIN I Sdv 862
2o A 7000 +XIN 14 | Sdv 1€ eevo A Ad sid I S 162
2o X 900°0 +XIN 44 | Sdv e YEV'0 A e I S 962
2o X +XIN 45 1 Sl ave YEV'0 A SXIN I S S62
2o X Il 45 | SL rve YeYo A NA I S 62
2o X S000°0 +XIN dunN | Sdv £ve YEV'0 A Nd dXIN I S €62
2o X 50000 —XIN dXIN 1 Sdv e GEV'0 A 5000 +XIN dXIN I Sdv z62
2o A (+) e H SL e GEV'0 A G000 Il dXIN I Sdv 162
2o A 0 Il e | Vs ore GEV'0 A L00°0 —XIN dun I Sdv 062
€20 X +XIN 4 1 S 6ee SEV0 A £00°0 Il duN | Sdv 68¢
4] A (+) sid H S 8ee GEV'0 A Ad U9 I asL 882
A l] X —XIN sid | S 1€€ 9e¥'0 X +XIN ra4 I Sd 182
€20 A 5000 +XIN €€ 1 Sdv 9ee 9ev'0 A Il € | Sd 98¢
¥Zro A Ad €T | S Gee 9e%°0 A €00 —XIN 4 I Sdv a8z
y2ro A Ad ys | 3sL vee 9e¥'0 A €00 Il 4 I Sdv 82
st4 0] X 5000 [l 44 1 Sdv €ee 9eY'0 A 8000 «3,, I Sdv €82
T4 a] X 200 W3, | Sdv z€e 9e%°0 A Nd €e I Sd 282
A A] A S000°0 +XIN € | Sdv 1€ 9e¥'0 A JWN I 3asL 182
9zv'0 X XN €T 1 SL oee 9eY'0 A 1000 Il €T | Sdv 08¢
9z¥'0 A G000°0 Il e | Sdv 62€ 9e%°0 A 1000 —XIN €T I Sdv 6.2
9zv'0 A 0 +XIN € | Vs 8¢ LEV'0 A +XIN 1T I S 8.2
9Zv'0 X €000 [l 44 1 Sdv 12€ LEV'0 X +) e H S 112
9z¥'0 A G000°0 Il €T | Sdv 9z€ LEV0 A 8000 <AL, I Sdv 9/2
9zv'0 A +XIN sid | S 54 8ev'0 X Nd ra4 I Sd 612
9Zv'0 A [l sud 1 S 743 4] A 1000 +XN € I Sdv v12
1270 A —XNl duin | Sd €z€ 6EV°0 A 2000 +XIN 4 I Sdv €12
1270 A [l duN 1 Sd 443 6EV'0 A 0 Il 2z | V=N 2Lz
1270 A =) 44 H S T2€ ovyo A 5000°0 +XIN €z I Sdv 1.2
o A 5000 SXIN | Sdv 0.2 ¥S¥°0 A T H S 022
o X 200 [l 44 1 Sdv 692 [2540) A =) € H S 6TC
0 X +XIN dXIN 1 Sd 892 ¥St°0 X +XIN ee I SL 812
2440 X Il dXIN | Sd 192 gsv'0 A 1000 Il ee I Sdv 112
ri0 A +XIN €T | Sd 992 8510 A 9000 —XIN dXIN I Sdv 912
¥v0 A [l €T 1 Sd 592 SS7°0 A +XN pig | S §TZ
2440 A Juo | 3s1 92 gsv'0 X (+) ee H S v12
ri0 A ys H 3sL €92 950 A €00 <AL, I Sdv €12
S0 A +XIN e 1 Sl 29z 950 A 1000 +XIN ee I Sdv A4
Sr'0 A 600°0 —XIN 14 | Sdv 192 LSO A 9000 o3, I Sdv 112
S0 A 600°0 Il 14 | Sdv 092 LS¥'0 A 200 —XIN dun I Sdv 012
Shy'0 A =) €T H S 652 1SY'0 A 200 Il duN | Sdv 602
S0 X Ad 1T | Sd 852 LSO A 1000 = I Sdv 802
S0 A Ad INA | S 152 LS¥'0 A e H SL 102
Si0 A 9000 +XIN dXIN 1 Sdv 962 8570 X +) e H Sd 902
Sh'0 A 9000 Il dXIN | Sdv [eler4 0970 A 0 —XN (4 I VN S02
S0 X Ad 45 | Sl 414 09%°0 A 0 Il 4 I VA 02
Si0 A Nd SXIN 1 S €62 09%°0 X +) 4 H S €0z
Sh'0 A Ad eo] | S 252 09%°0 A 50000 —XIN €e I Sdv 202
Ly¥'0 A £00°0 +XIN € | Sdv 152 09%°0 A 5000 —XIN ra4 I Sdv 102
VA% A0 A €000 [l €€ 1 Sdv 0S¢ 1970 X 100 +XN dXIN I Sdv 002
L¥0 A 2000 +XIN € | Sdv (374 T9v°0 X 100 Il dXIN I Sdv 66T
Ly¥'0 A 2000 Il € | Sdv 174 T9%°0 X Nd = I Sd 86T
81’0 A 1000 —XIN e 1 Sdv V74 2970 A Nd 4 I S 16T
871’0 A 8000 —XIN 44 | Sdv }74 €9%°0 X 100 SXIN I Sdv 96T
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 25

Paul et al.

Y0v'0 X 0 —XIN dXIN 1 Sdv 1St 5010 X 8000 WAL, I Sdv L0
Yoo X 0 —XN duin | Sdv 95y 5010 X 2000 —XIN € I Sdv 90¥
Y00 X 0 —XIN 45 | Sdv G5t S0v°0 X 2000 Il 4 I Sdv Sov
Y0v'0 X 0 —XIN €T 1 Sdv St 5010 X €000 XN 4 I Sdv YoV
¥0r'0 X 0 —XN ¥4 | Sdv €Sy 5010 X €000 Il € I Sdv eov
Y00 X S000°0 —XIN dunN | Sdv S S0v°0 X 1000 +XIN T I Sdv 20
Y0v'0 X 1000 —XIN dun 1 Sdv 1S 90%°0 X L00°0 XN dUn I Sdv 10V
0140] X 2000 —XN duin | Sdv 05t 9010 X 1000 Il dUnN I Sdv 00¥
Y00 X £00°0 —XIN dunN | Sdv (2% 90%°0 X L00°0 SXIN I Sdv 66€
Y0v'0 X ¥00°0 —XIN dun 1 Sdv 8ty 90%°0 X Nd 4 I Sd 86¢
Yoo X 0 W 1T | Sdv Ly 90%°0 A Ad .3, I Sd 168
Y00 X 0 W 44 | Sdv 124 L0¥'0 A 5000 —XIN 4 I Sdv 96€
¥0v°0 X 0 N €€ 1 Sdv s147% 1070 A 5000 Il € | Sdv S6€
Yoo X 0 W dXIN | Sdv vy L0¥'0 A .3, I Sd ¥6¢
Y00 X 0 W dunN | Sdv 2% L0¥'0 A 9000 SXIN I Sdv €6¢
¥0v°0 X 0 N 4 1 Sdv 4474 1070 A €000 I e | Sdv 26¢€
¥0r'0 X 0 N €T | Sdv Ty 8010 X =) ee H Sd 16€
Y00 X 0 W 14 | Sdv (0127 80%°0 A —XIN 4 I Sd 06€
¥0v°0 X 50000 N 44 1 Sdv 6EY 8070 A Il € | Sd 68¢
¥0r'0 X 50000 N dXIN | Sdv 8y 60%°0 A <AL, I Sd 88¢
Y00 X S000°0 W dunN | Sdv L€ 60%°0 A SXIN I Sd 18€
¥0v°0 X 1000 N 44 1 Sdv 9ey 6070 X (81] €T H S1 98¢
Yoo X 1000 N dXIN | Sdv Gey 0TY'0 X Ad ee I Sd age
Y00 X 1000 W dunN | Sdv veY 0T¥'0 X 100 <AL, I Sdv 8¢
Y0v'0 X 2000 W 44 1 Sdv et 0T+'0 A XN T I S €8¢
¥0r'0 X 2000 N dXIN | Sdv 434 0TY'0 A Il 1T I S z8€
Y00 X 2000 W dunN | Sdv 37 TT¥°0 A 0 +XIN 4 I VA T8¢
¥0v°0 X €000 N dXIN 1 Sdv 0eY 170 X 8000 Il e | Sdv 08¢
¥0r'0 X €000 N duin | Sdv 62y FAN Al A 1000 +XIN 4 I Sdv 6.€
Y00 X ¥00°0 W dunN | Sdv 82v FAN A0 X 1000 +XIN dun I Sdv 8.¢
Y0v'0 X 0 soy 1T 1 Sdv ks FAN A0 A €000 +XIN 4 I Sdv L1
Y0v'0 X 0 soy 44 | Sdv 9z FAN Al X €000 —XIN ra4 I Sdv 9.€
Y00 X 0 say € | Sdv Y47 FAN A0 A 9000 —XIN 4 I Sdv Gl€
¥0v'0 X 0 soy dXIN 1 Sdv ey FAN Al A 9000 Il 4 I Sdv 1€
Yoo X 0 soy duin | Sdv (%44 g0 X Ad €T I S €le
Y00 X 0 say 45 | Sdv 447 AN Al] A 9000 +XIN 4 I Sdv 2L
¥0v°0 X 0 soy €T 1 Sdv T2 ETY0 X (81] € H S1 T.€
¥Ir'0 A 6000 3, | Sdv 0.€ 82v'0 A 50000 +XIN €T I Sdv 0z€
ST'0 A 5000 Il € | Sdv 69€ 82v'0 X ras H SL 6TE
STH'0 A Nd €T 1 Sl 89¢ 82v'0 A 500 <3, I Sdv 81¢
ST'0 A 5000 Il 44 | Sdv 19€ 82v'0 A —XN e I Sd JARS
ST'0 A 1000 <AL, | Sdv 99¢ 82v'0 X (+) ra4 H SL 9T¢
9TH'0 X 44 H Sd G9¢ 6270 A Nd €T I Sd gTe
9TH'0 X Nd 1T | SL ¥9¢ 6210 A —XN €e I S 1€
9TH'0 A Ad dunN | Sd £9¢ 6270 A Il e I S eTe
8T+'0 X <AL, 1 Sd 29¢ 6270 A XN ra4 I S zie
81’0 A 9000 —XNl duin | Sdv 19¢ 6270 A Il 44 I S 11€
8T¥'0 A 900°0 Il dunN | Sdv 09¢ 6270 A Nd ra4 I S 0T€
8T+'0 A +XIN 45 1 Sd 65€ 6270 X 1000 +XIN €T I Sdv 60€
81’0 A Il 4 | Sd 85¢ 0Er'0 A Ad JWN I 3s1 80€
8T¥'0 A £00°0 —XIN 44 | Sdv 1€ 0gV'0 A 8000 +XIN 4 I Sdv L0€
6110 X Ad €T 1 Sl 95¢ 0£V'0 A +XIN ra4 I S 90¢
6TH'0 A €000 —XN 4 | Sdv Gse ZeV0 A Ad duin I S S0€
0zv'0 A Ad 1T | S ¥S€e AN Al A 9000 WAL, I Sdv y0€
1270 X —XIN e 1 Sd €5 ZEV0 X SXIN I Sd €0¢e
1210 A Ad s | 3Sd 25¢ ZeV0 A =) € H SL 20€
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 26

Paul et al.

Y0v'0 A 0 +XIN 44 1 Sdv €95 Y0v'0 A 50000 N ra4 I Sdv €15
0140] A 0 +XIN €e | Sdv 295 yov'0 A 50000 N dXIN I Sdv AR
Y00 A 0 +XIN dXIN | Sdv 195 y0v'0 A 50000 N dun I Sdv 11§
Y0v'0 A 0 +XIN dun 1 Sdv 095 Y0v'0 A 1000 N ra4 I Sdv 015
Yoo A 0 +XIN T | Sdv 655 yov'0 A 1000 N dXIN I Sdv 605
Y00 A 0 +XIN €T | Sdv 855 y0v'0 A 1000 N dun I Sdv 805
Y0v'0 A 0 +XIN 154 1 Sdv 1S5 Y010 A 2000 N ra4 I Sdv 10§
Yoo A 0 SXIN | Sdv 955 yov'0 A 2000 N dXIN I Sdv 905
Y00 A 0 <3, | Sdv G55 y0v'0 A 2000 N dun I Sdv 50§
Y0v'0 A 0 <AL, 1 Sdv S5 Y010 A €000 N dXIN I Sdv 05
Yoo A 50000 +XIN dXIN | Sdv €55 yov'0 A €000 N dUnN I Sdv €05
Y00 A S000°0 SXIN | Sdv 255 y0v'0 A ¥00°0 N dun I Sdv 20§
Y0v'0 A 50000 .3, 1 Sdv 155 Y010 A 0 soy T I Sdv 105
Yoo A 50000 WA, | Sdv 0SS yov'0 A 0 soy ra4 I Sdv 005§
Y00 A 1000 +XIN dXIN | Sdv 675 y0v'0 A 0 soy ee I Sdv 661
Y0v'0 A 1000 SXIN 1 Sdv 8s Y010 A 0 soy dXIN I Sdv 861
Yoo A 1000 .3, | Sdv 1S yov'0 A 0 soy dUnN I Sdv L6V
Y00 A 1000 <AL, | Sdv g y0v'0 A 0 soy ras I Sdv 961
Y0v'0 A 2000 +XIN dXIN 1 Sdv Grg Y010 A 0 soy €T I Sdv g6
0140] A 2000 SXIN | Sdv S yov'0 A 0 soy 4 I Sdv 14
Y00 A 2000 <3, | Sdv £rg y0v'0 A 0 soy SXIN I Sdv €6V
Y0v'0 A 2000 <AL, 1 Sdv s Y010 A 0 soy <3, I Sdv 6V
Yoo A €000 +XIN dXIN | Sdv TS yov'0 A 0 soy W, I Sdv 6V
Y00 A £00°0 SXIN | Sdv ors y0v'0 X 0 +XIN 1T I Sdv 06
Y0v'0 A €000 .3, 1 Sdv 65 Y010 X 0 +XIN ra4 I Sdv 687
0140] A €000 <AL, | Sdv 8eg Y0v0 X 0 +XIN e I Sdv 88Y
Y00 A ¥00°0 <3, | Sdv 1€ y0v'0 X 0 +XIN dXIN I Sdv 18Y
Y0v'0 A ¥00°0 <AL, 1 Sdv 95 Y010 X 0 +XIN dUn I Sdv o8y
Yoo A 5000 .3, | Sdv Geg yov'0 X 0 +XIN ra I Sdv a8y
Y00 A 0 —XIN 1T | Sdv €S y0v'0 X 0 +XIN €T I Sdv v8Y
Y0v'0 A 0 —XIN 44 1 Sdv €€g Y010 X 0 +XIN 4 I Sdv %14
Yoo A 0 —XIN e | Sdv 43 yov'0 X 0 SXIN I Sdv z8¥
Y00 A 0 —XIN dXIN | Sdv 1€5 y0v'0 X 0 = I Sdv 18
¥0v'0 A 0 —XIN dun 1 Sdv 0gS Y010 X 0 WAL, I Sdv 08t
Yoo A 0 —XIN T | Sdv 625 yov'0 X 50000 +XIN dXIN I Sdv 6.7
Y00 A 0 —XIN €T | Sdv 825 y0v'0 X 50000 SXIN I Sdv 8Ly
¥0v'0 A 0 —XIN 154 1 Sdv 125 Y010 X 50000 <3, I Sdv Ll
Y0¥°0 A 50000 —XIN dunN | Sdv 925 yov'0 X 50000 W, I Sdv 9.¥
Y00 A 1000 —XIN dunN | Sdv 625 y0v'0 X 1000 +XIN dXIN I Sdv Sly
¥0v'0 A 2000 —XIN dun 1 Sdv s Y010 X 1000 SXIN I Sdv viv
0140] A €000 —XIN dunN | Sdv €25 yov'0 X 1000 .3, I Sdv el
Y00 A ¥00°0 —XIN dunN | Sdv 44 y0v'0 X 1000 <AL, I Sdv Uy
¥0v'0 A 0 Il 1T 1 Sdv 125 Y010 X 2000 +XIN dXIN I Sdv TLY
0140] X 2000 SXIN | Sdv 0Ly yov'0 X 0 soy 4 I Sdv ozy
Y00 X 2000 <3, | Sdv 69 y0v'0 X 0 soy SXIN I Sdv 6T
¥0v'0 X 2000 <AL, 1 Sdv 89% Y010 X 0 soy <3, I Sdv 8T
0140] X €000 +XIN dXIN | Sdv 19 yov'0 X 0 soy W, I Sdv LTy
Y00 X £00°0 SXIN | Sdv 99% y0v'0 X 1000 Il 1T I Sdv Ty
¥0v'0 X €000 .3, 1 Sdv G9t Y010 X 50000 XN 4 I Sdv STy
0140] X €000 <, | Sdv Yoy Yov'0 X 50000 Il € I Sdv YTy
Y00 X ¥00°0 <3, | Sdv €9 y0v'0 A 5000 +XIN 4 I Sdv ety
¥0v'0 X ¥00°0 <AL, 1 Sdv 29 5010 A 200 XN 4 I Sdv AN
Y0v'0 X 5000 3, | Sdv 9% 5010 A 200 Il € I Sdv Ty
Y00 X 0 —XIN 1T | Sdv 09 S0v°0 X 1000 —XIN dXIN I Sdv 0Tv
¥0v'0 X 0 —XIN 44 1 Sdv 65t 5010 X 1000 XN 4 I Sdv 601
Yoo X 0 —XIN e | Sdv 8GY S0%°0 A 6000 +XIN 4 I Sdv 80¥
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 27

Paul et al.

6.€°0 A 1000 +XIN dun 1 Sdv 699 06€°0 A dXIN H S 619
6.€°0 X 1000 +XIN 44 | Sdv 899 06€°0 A =) ee H Sd 819
08€'0 A Il 45 | S 199 06€°0 X €000 +XIN ra4 I Sdv 119
08€'0 A =) pig H S 999 06€°0 A U9 H EN 979
08€°0 A SXIN H Sl G99 06€°0 X 8000 +XIN dXIN I Sdv GT9
08€'0 A 0 <3, | Vs 799 06€°0 X 8000 Il dXIN I Sdv 19
08€'0 X 50000 [l €T 1 Sdv €99 06€°0 A 1000 +XIN e I Sdv €19
18€°0 A 800°0 Il 44 | Sdv 299 06€°0 X €000 +XIN 1T I Sdv 219
18€°0 X ¥00°0 +XIN €T | Sdv 199 16€°0 X 8000 SXIN I Sdv 119
18€°0 A 0 —XIN dXIN 1 VN 099 16€°0 X 8000 XN dUn I Sdv 019
18€°0 A €000 —XIN 14 | Sdv 659 16€°0 X 8000 Il dUnN I Sdv 609
18€0 A €000 [l €2 1 Sdv 859 16€0 A =) 1T H S 809
18€°0 A 9000 +XIN e 1 Sdv 159 16€°0 A sud H S 109
Z8€°0 X 2000 Il 1T | Sdv 959 16€°0 X =) 44 H SL 909
€860 A ed] H S 659 16€°0 A +XIN dXIN I Sd 509
£8€°0 A SXIN H S 759 16€0 A Il dXIN | Sd 709
€8€°0 A 2000 —XIN 14 | Sdv €59 16€°0 A 1000 —XIN ra4 I Sdv €09
€8€0 A 2000 [l €2 1 Sdv 259 260 X 0 Il 2z | V=N 209
€8€°0 A 1000 —XIN dXIN 1 Sdv 159 Z6€°0 A 00 WAL, I Sdv 709
¥8€°0 A dunN H Sl 059 Z6€°0 X 50000 +XIN € I Sdv 009
¥8€°0 A 1000 —XIN 14 | Sdv 679 26€°0 A 6000 Il ee I Sdv 665
¥8€°0 A INA H S 879 €6€°0 X 9000 XN 4 I Sdv 865
¥8€°0 X s | 3Sd 1¥9 €6€°0 X 9000 Il € I Sdv 165
¥8€°0 A S000°0 —XIN 14 | Sdv 99 ¥6€°0 A ¥00°0 +XIN dXIN I Sdv 965
¥8€°0 A 50000 [l €2z 1 Sdv 59 ¥6€°0 A 7000 SXIN I Sdv G6S
G8E0 X [l 4 | Sd 779 ¥6£°0 A 5000 L, I Sdv 65
G8E'0 A 1000 [l €2 1 Sdv €9 ¥6€°0 A 7000 Il dXIN | Sdv €65
G8e’0 A Ad 4 1 Sd 9 ¥6€°0 X 1000 +XIN ra4 I Sdv 265
G8E0 X 2000 +XIN 1T | Sdv 79 ¥6£°0 X 5000 —XN (4 I Sdv 16S
G8e’0 X 2000 say 1T | Sdv 0r9 ¥6€°0 X 5000 Il 4 I Sdv 065
98€'0 X =) €€ H SL 6€9 S6€°0 X 9000 I e | Sdv 685
98€°0 X €000 Il 1T | Sdv 8€9 G6E0 X =) € H Sd 885
98¢0 A 1T H S 1€9 S6€°0 X 6000 +XIN ra4 I Sdv 185
98¢0 X 50000 +XIN e 1 Sdv 9€9 96€°0 X ¥00°0 XN 4 I Sdv 985
98€°0 X G000°0 Il e | Sdv Ge9 96€°0 X 7000 Il € I Sdv G8s
18€°0 A Ad dXIN | Sd €9 96€°0 A 8000 +XIN ee I Sdv 86
1880 A dun H S €€9 16€0 X +) 4 H Sd €85
18€°0 A 44 H S 2€9 86€°0 X —XIN dun I Sd 285
18€0 X 1000 [l 44 1 Sdv 1€9 86€'0 X Il duN | Sd 185
1880 X €000 +XIN €T 1 Sdv 0€9 00%°0 X (+) 1T H S 085
18€°0 A 2000 —XIN e | Sdv 629 00%°0 A Il €T I S 6.S
88€°0 X 0 +XIN 44 | Vs 829 00%'0 A e H S 8.5
68€0 A 8000 [l €€ 1 Sdv 129 00%°0 A ¥00°0 +XN e I Sdv 11§
68€°0 A ys | I 929 00%°0 X 100 —XIN (4 I Sdv 9.5
68€°0 A 1000 +XIN dXIN | Sdv 629 00%'0 X 100 Il 4 I Sdv GlG
68€°0 A 1000 Il dXIN 1 Sdv 29 T0%°0 A 2000 +XIN €T I Sdv .G
68€°0 X 5000 —XIN 44 | Sdv €29 T0%°0 A Ad (4 I Sd .S
68€0 A (+) €T H S 229 2070 A 7000 Il € | Sdv 2.8
68€°0 X €000 soy 1T 1 Sdv 129 Z0%°0 A Nd SXIN I Sd .S
€0v°0 A Ad W, | Sd 0.5 Yov'0 A 0 Il 44 I Sdv 028
€0v'0 X 800°0 +XIN 44 | Sdv 695 y0v'0 A 0 Il € I Sdv 6T
€0v°0 A ¥00°0 XN €2z 1 Sdv 895 [20740) A 0 I dXIN | Sdv 8TS
€0v°0 A 7000 Il (4 | Sdv 195 yov'0 A 0 | dun I Sdv 115
€0v'0 X 1000 say 1T | Sdv 99 y0v'0 A 0 Il ras I Sdv 91§
¥0¥°0 X 1000 [l €2z 1 Sdv 595 [20740) A 0 I €T | Sdv STS
Y0v'0 A 0 +XIN 1T | Sdv 95 Yov'0 A 0 ] 4 I Sdv 15
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 28

Paul et al.

Sre0 X 1000 Il dXIN 1 Sdv Gz8 1S€°0 A 1000 +XIN €T I Sdv G/l
SPE0 A Ad 4 | S 28 15€°0 X 6000 —XN (4 I Sdv vl
Sre0 X V5] H 3sd €28 1560 X 6000 Il 4 I Sdv €Ll
SYE0 X [ 1T H Sd 228 15€0 A € H S 2L
SrE0 X 100 —XIN 44 | Sdv 128 25€°0 A +XIN €T I SL 1L
25€°0 A Il €T | Sl 0LL €960 X L00°0 —XIN 4 I Sdv 0zL
25€°0 X 50000 +XIN €T 1 Sdv 69/ €90 X £00°0 Il € | Sdv 6TL
25€°0 X 100 —XIN 14 | Sdv 89/ 79€°0 X 50000 —XN €T I Sdv 8TL
25€°0 X 100 Il 14 | Sdv 191 ¥9€°0 A Nd SXIN I SL LTL
25€°0 X 2000 +XIN 4 1 Sdv 99/ G9€°0 A ras H SL 9TL
28€0 X 2000 Il T | Sdv 69/ G9E°0 A (+) T H SL STL
25€°0 X |w| €T H Sd v9L 99€°0 X 8000 +XIN ras I Sdv vIL
€5€0 X [ €€ H SL €9/ 99€'0 X 8000 I 4 | Sdv eTL
€5€°0 A 200 SXIN | Sdv 29L 19€°0 A (+) 44 H S ZTL
€5€°0 X Il €T | S 19L 19€°0 X ¥00°0 +XIN ras I Sdv TTL
£5€°0 X +XIN €T 1 SL 092 19€°0 X 7000 Il 4 | Sdv 0T.
€5€°0 X Il €T | SL 65. 19€°0 X 100 +XIN 4 I Sdv 60L
¥5€°0 A SXIN | Sl 85/ 19€°0 X 100 Il ras I Sdv 80
¥G€°0 X 0 XN 44 1 VN 161 19€°0 A 100 Il € | Sdv 10L
¥G€°0 A Ad dXIN | SL 95/ 19€°0 A 5000 —XIN €e I Sdv 90/
¥5€°0 X 1000 +XIN 14 | Sdv as. 19€°0 X 6000 <AL, I Sdv S0L
¥5€°0 A +XIN dXIN 1 Sl ¥SL 1980 A 2000 XN €T I Sdv y0L
¥G€°0 A Il dXIN | Sl €5/ 89€°0 A 100 +XIN 4 I Sdv €0.L
G5€°0 X 900°0 +XIN 45 | Sdv 2sL 89€°0 A ee H Sd 20L
GSE0 X 9000 [l 4 1 Sdv 162 890 A +XN 22 I Sd 10L
G5€°0 X 1T H Sd 0S. 89€°0 A Il 44 I Sd 00L
G5€°0 A Ad dunN | Sl 67 89€°0 A 9000 Il ee I Sdv 669
GSE0 X 0 [l €2z 1 VN 8v. 690 X 5000 +XN €T I Sdv 869
G5€°0 X 0 —XN ¥4 | VN Lyl 69€°0 X =) € H S 169
95€'0 A 8000 —XIN € | Sdv oL 0.€°0 X L00°0 +XIN ras I Sdv 969
95€'0 A =) €2z H Sd Syl 0.€0 X £00°0 Il 4 | Sdv 569
95€°0 X 800 W3, | Sdv il 0.£0 X 5000 —XN dXIN I Sdv 769
1SE0 A ¥00°0 +XIN 45 | Sdv evl T.E0 X 6000 +XIN ras I Sdv €69
1S€0 A ¥00°0 [l 4 1 Sdv Tl T.€0 X 6000 I 4 | Sdv 269
1S€0 X 50000 +XIN 44 | Sdv v 1.0 X (+) € H S 169
1SE0 X dXIN H Sl orL T.E0 X 0 +XIN 1T I VA 069
1S€°0 A 200 <N, 1 Sdv 6eL 2LE0 A Il e | S1 689
1S€°0 X [l 45 | S 8¢l €L€°0 A dXIN H SL 889
1S€°0 X w| 14 H S L€l v.€°0 X 8000 —XIN ra4 I Sdv 189
1SE0 X 5000 +XIN 44 1 Sdv 9L GIE0 X 0 soy T I VN 989
85¢°0 A +XIN duin | S GelL G/E0 X ¥00°0 +XIN 44 I Sdv 689
85€°0 X 600°0 Il 44 | Sdv veL GLE0 X Nd €T I Sd 89
85€°0 A 50000 —XIN 44 1 Sdv gl 9/€0 A s I 3sd €89
85€°0 A 1000 —XIN 44 | Sdv 2L 9/€°0 X (+) €T H Sd 289
85€°0 X ¥00°0 +XIN 1T | Sdv 1€l 9/€0 X ) 4 H SL 189
65€0 A ¥00°0 [l €T 1 Sdv 0€L 9/€0 X 100 «3,, I Sdv 089
09€'0 X 0 +XIN 45 | VxN 62 9/€°0 A 2000 —XIN I I Sdv 619
09€°0 X 0 Il 45 | Vs 8zL 9/€0 A 0 +XIN dun I VA 8.9
09€'0 A Ad 1T 1 Sd 12l 9/€0 X 2000 +XIN €T I Sdv 119
T9€°0 A 100 +XIN e | Sdv 9z L1€0 A —XN 4 I S 9/9
T9€0 X ¥00°0 [l 1T 1 Sdv 52l LLE0 A 1000 I € | Sdv S/9
29¢°0 X 100 +XIN 44 1 Sdv vel 8.€°0 A 2000 Il €T I Sdv 19
£9€°0 X 9000 —XIN 44 | Sdv €2l 81€°0 A JWN H 3s1 €19
£9€°0 X 800°0 —XIN 14 | Sdv 44 8.€°0 X 5000 +XIN ras I Sdv 2.9
€9€'0 X 8000 [l €2z 1 Sdv 12. 8.€0 X 5000 Il 4 | Sdv 1.9
8.€°0 A +XIN €T | S 0.9 68€°0 A 6000 +XIN €e I Sdv 029
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 29

Paul et al.

LTE0 X 0 +XIN €T 1 VN 1€6 62€0 X =) 1T H Sd 188
LT€0 X 5000 Il €T | Sdv 0¢6 62€°0 X +XIN dun I S 088
81€0 A 900°0 —XIN e | Sdv 626 0€€0 X [l pig H S 6.8
81€0 A 0 +XIN dXIN 1 Vs 826 0£€0 X €000 XN T I Sdv 8.8
8T€0 A 0 [l dXIN | VN 126 0€€0 X (+) € H SL 118
6T€0 X [ 4 H S 926 0£€0 A 6000 —XIN ee I Sdv 9.8
6T€0 X 5000 —XIN 1T 1 Sdv 626 0£€0 X ¥00°0 XN dXIN I Sdv G/8
6TE0 X 9000 —XIN dXIN | Sdv 26 0€€°0 A Ad 4 I SL 18
6T€0 X 2000 [Nl e | Sdv €26 0£€0 A L00°0 +XIN €T I Sdv €8
0z€0 X [ sud H S 226 1€€0 X +XN 4 | Sd 2.8
0Z€0 A 100 +XIN 44 | Sdv 126 T€E0 X Il T I Sd 1.8
1€€°0 A 0 <AL, | Vs 0.8 e A 2000 +XIN ra4 I Sdv 0Z8
1€€°0 X 2000 —XIN 1T 1 Sdv 698 e X XN €T I S 618
T€€°0 X 7000 +XIN dunN | Sdv 898 e X s H 3sd 818
1€€°0 X +XIN 14 | Sd 198 e A Il 1T I Sd 118
z€€0 A .3, H Sd 998 e A €000 XN e I Sdv 918
2€€°0 X |w € H Sd G98 e X 50000 —XIN 44 I Sdv G18
2€€0 A 1000 —XIN e | Sdv 98 e X 1000 —XIN ra4 I Sdv 18
2€€0 X [ €€ H Sd €98 9e0 A Nd U9 | 3Sd €18
2€€°0 X €000 —XIN dXIN | Sdv 298 e X s H 3s1 218
€ee’0 X £00°0 +XIN dunN | Sdv 198 LYE0 X Il 1T I Sd 118
€ee’0 A 154 H Sd 098 LYE0 X XN dXIN I SL 018
€€€°0 A 600°0 <AL, | Sdv 658 LYE0 A 9000 +XIN €T I Sdv 608
€ee’0 X €T H S 858 LYE0 X =) 1T H SL 808
€ee0 A 5000 [l €T 1 Sdv 158 LYE0 X 1000 +XIN e I Sdv 108
¥E€0 A 100 <, | Sdv 958 LYE0 X dXIN H Sd 908
¥E€0 A 9000 [l €T | Sdv Gs8 LYE0 A 100 = I Sdv 508
vE€0 X 6000 = 1 Sdv 58 LYE0 X (81] 1T H S1 708
GEE0 X € H Sd €58 LYE0 X 6000 —XIN ra4 I Sdv €08
Geeo X +XIN €T | S 258 8re’0 X [ 44 H Sd 208
GEE0 X 9000 +XIN €T 1 Sdv 168 8v€0 A €000 Il €T | Sdv 108
GEE0 A 900 —XIN 14 | Sdv 058 8ve0 A —XIN duin I SL 008
GEE0 A 900 [l €2 1 Sdv 6v8 8v€'0 A Il duN | S1 66.
9e€'0 X 0 —XIN dXIN 1 VN 88 8ve0 X WAL, H Sd 86.
9g€'0 A 0 —XIN e | VxN 1¥8 8re0 X SXIN H Sd 161
9ee'0 A =) sud H S 918 8v€'0 X duN H Sd 96.
LEE0 X 0 +XIN duin 1 VN Sv8 8v€0 X 1000 I € | Sdv 56/
L€€°0 X 2000 —XN dXIN | Sdv 78 67€°0 X [w] 4 H Sd v6L
LEE0 X 2000 +XIN dunN | Sdv €8 6YE0 X =) T H S €6L
8€€0 X [ 4 H SL 8 6v€0 X «3,, H Sd z6L
6E€°0 A €000 +XIN €T | Sdv 78 670 X —XN 1T I SL T6L
ore0 A 5000 +XIN 44 | Sdv or8 6YE0 X Il 1T I SL 06L
ore0 X e H Sd 68 67E0 X A H S 68.
T7E°0 X sid H S 8¢8 67€°0 X 1000 —XIN ra4 I Sdv 88.
T7E°0 A ¥00°0 —XIN € | Sdv €8 6YE0 X SXIN H SL 18
e0 X 0 [l 1T 1 VN 9e8 6v€0 X SXIN H S 98.
Zre0 A —XIN 45 | SL Ges 670 X ed] H S a8l
ere0 X dunN H Sl ve8 0S€°0 X —XIN ras I Sd 8L
evE0 X ¥00°0 say 1T 1 Sdv €8 0S€°0 A 5000 +XIN €T I Sdv €8l
EVE0 X (+) €T H Sl z€8 0S€°0 X €000 +XIN T I Sdv z8L
EVE0 X [ €T H S 1€8 0S€0 X €000 Il A | Sdv 18
evE0 X 1T H Sl 0¢8 1560 X 2000 XN ra4 I Sdv 08L
¥ve0 X JWN H 3sd 628 15€°0 A 7000 +XIN €T I Sdv 6.L
770 X 45 H Sd 828 15€°0 A 00 —XIN 4 I Sdv 8..L
S7E0 A XN 1T 1 Sd 128 15€0 A 700 I € | Sdv 111
SPE0 X 1000 +XIN dXIN | Sdv 928 15€°0 X 100 ] 44 I Sdv 9/L
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 30

Paul et al.

1820 X 8000 [l 1T 1 Sdv 1€0T 00€0 X 9000 XN 4 I Sdv 186
1820 A 600°0 SXIN | Sdv 9€0T T0€0 X —XIN 1T I Sd 986
182°0 A 100 +XIN 45 | Sdv GE0T T0€°0 X 1000 —XIN ee I Sdv 686
1820 A 100 [l 4 1 Sdv 7E0T 20€°0 A +XN T I SL 786
1820 X €000 +XIN e | Sdv £e0T 20€°0 A Il T I SL €86
882°0 X S000°0 say 1T | Sdv 201 20€°0 X 2000 Il €T I Sdv 286
88Z°0 X —XIN 44 1 Sd 1€0T 20€°0 A ¥00°0 XN €T I Sdv 186
882°0 X +XIN e | Sd 00T €0€°0 X +XIN 1T I SL 086
682°0 A ¥00°0 +XIN 44 | Sdv 6201 ¥0€°0 X 9000 Il T I Sdv 6.6
682°0 X £000 +XIN €T 1 Sdv 8201 ¥0€°0 X 9000 Il €T | Sdv 8.6
062°0 A 600°0 +XIN 44 | Sdv 1201 Y00 X +XIN 1T I S 116
162°0 X S000°0 Il 1T | Sdv 9201 ¥0€°0 X 8000 +XIN dun I Sdv 9.6
162°0 X 9000 +XIN 1T 1 Sdv G201 S0€°0 X 5000 soy T I Sdv G/6
162°0 X 1000 —XIN 45 | Sdv 20T S0€0 X 5000 +XIN 1T I Sdv Y16
162°0 A 100 —XIN e | Sdv €201 S0€°0 X 9000 —XIN 1T I Sdv €16
2620 X —XIN 45 1 S 2201 S0€°0 X 00 XN dUn I Sdv 2.6
262°0 X 2000 —XIN 45 | Sdv 1201 S0€0 X 00 Il dUnN I Sdv 1.6
S0€°0 A 100 <3, | Sdv 0.6 120 A ¥00°0 —XIN ras I Sdv 026
90€'0 X 50000 —XIN 1T 1 Sdv 696 120 X 2000 +XIN e I Sdv 616
90€0 X —XIN 45 | Sl 896 T2€°0 A G000 +XIN T I Sdv 816
L0€0 A 200 +XIN dXIN | Sdv 196 120 A 5000 Il ras I Sdv L16
10€0 A 200 [l dXIN 1 Sdv 996 12€0 X (81] e H S1 976
L0€°0 A 45 H Sd G96 22e0 X €e H SL GT6
L0€0 A 1000 Il €T | Sdv 796 22e0 X JWN H 3asL 16
80€°0 A +XIN 4 1 S £96 z2e0 X 9000 XN dun I Sdv €16
80€°0 X €T H Sl 296 22e0 X =) T H SL 216
80€°0 X ¥0'0 +XIN 45 | Sdv 196 22e0 X 1000 N €T I Sdv 116
80€0 X 700 [l 4 1 Sdv 096 €2€0 X 200 +XN T I Sdv 016
60€°0 A 200 W3, | Sdv 656 €260 X 200 Il 4 I Sdv 606
60€°0 X 1000 —XIN 1T | Sdv 856 €2€0 X €T H Sd 806
0TE0 X (+) €T H S 156 €2€0 A £00°0 Il e | Sdv 106
0T€0 A 0 —XIN 45 | VxN 956 ¥2€0 A €000 —XIN €T I Sdv 906
TI€0 X 0 —XIN 1T | Vs 656 ¥2e0 A +XIN 1T I SL 506
110 X 0 +XIN €z 1 VN 756 ¥2€0 X =) €T H S 706
11€°0 A (+) 45 H SL £56 ¥2e0 A +XIN ra4 I SL €06
Z1e0 X 1000 —XIN dXIN | Sdv 256 G2e0 A 9000 +XIN ras I Sdv 206
Z1€0 A 8000 +XIN €T 1 Sdv 156 S2€0 A 9000 Il 4 | Sdv 106
Z1€°0 A 100 SXIN | Sdv 056 Gze0 X 4 H S 006
Z1e0 X €00 —XIN 14 | Sdv 676 G2e0 X U9 H 3asL 668
21€0 X €00 Il €2z 1 Sdv 816 92€'0 X +XIN 1T I Sd 868
ZIe0 X (+) 1T H SL 1¥6 1280 X €00 +XIN 4 I Sdv 168
€TE0 A (+) 4 H S 916 12€0 X €00 Il A | Sdv 968
€Ie0 X 1000 +XIN dun 1 Sdv a6 1280 X dUn H S 568
€T€0 X 200 —XIN 14 | Sdv 776 1280 A 8000 SXIN I Sdv 768
€Ie0 X 200 Il 14 | Sdv €76 1280 A 8000 —XIN dun I Sdv €68
€TE0 X (+) 1T H Sd 26 12€0 A 8000 Il duN | Sdv 268
¥1€0 X G000°0 —XIN e | Sdv 176 1280 A 8000 +XIN dXIN I Sdv 168
v1€°0 A 1000 +XIN 45 | Sdv 0r6 1280 A 8000 Il dXIN I Sdv 068
¥1€°0 A 1000 [l 4 1 Sdv 6€6 82€0 X 100 +XN €z I Sdv 688
¥1€0 X ¥00°0 —XNl 1T | Sdv 8c6 82€°0 A 0 —XN duin I VN 888
¥1€°0 X ¥00°0 [l €T 1 Sdv 1€6 82€0 A 0 Il duN | V=N 188
GIe0 X 0 —XIN 4 1 VN 96 82¢0 A 0 SXIN I VN 988
GT€0 A 100 +XIN dXIN | Sdv GE6 62€°0 A (+) €T H SL G88
STE0 A 100 [l dXIN | Sdv €6 62€°0 X = I Sd 88
LT€0 X 5000 [l 1T 1 Sdv €€6 62€0 X XN €C I Sd €88
LT€0 X 5000 +XIN duin | Sdv 26 62€°0 X Il € I Sd z88
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 31

Paul et al.

20 X 500 [IAl] € 1 Sdv eVTT 1920 X 100 +XN €T I Sdv €60T
20 A w| 14 H SL Wit 192°0 X 100 Il €T I Sdv 2601
A X 2000 —XIN €T | Sdv It 692°0 A dXIN H Sd T60T
S¥2'0 X (+) €€ H SL ovTT 6920 A [ 4} H S 060T
SvZ°0 A 9000 —XIN €T I Sdv 6ETT 0420 A 1] sud H S 680T
A X 5000 +XIN 14 | Sdv 8eTT 0420 X L00°0 soy T I Sdv 880T
LvZ0 X 8000 soy 1T 1 Sdv LETT 0.Z°0 A 9000 +XIN ra4 I Sdv 180T
6720 X 9000 —XIN e | Sdv 9eTT 0420 X 6000 —XIN 1T I Sdv 980T
0S2°0 A £00°0 +XIN 1T | Sdv GETT 0420 X 6000 Il T I Sdv G80T
0SZ'0 A 2000 soy 1T 1 Sdv YETT 0.Z°0 A 8000 +XIN ra4 I Sdv 80T
0SZ°0 A 2000 Il 1T | Sdv eeTl 020 X 1000 +XIN 1T I Sdv €80T
152°0 X 0 —XIN e | Vs Z€TT 1120 X Jw ee H S 2807
152°0 X 8000 +XIN 154 1 Sdv 1€TT 1.0 X ¥00°0 XN ras I Sdv T80T
152°0 X 8000 +XIN 1T | Sdv 0€TT 1120 X 8000 +XIN €T I Sdv 080T
€520 X [ 1T H S 6211 2L20 A [l 2z H Sd 6.0T
€52°0 X 90°0 +XIN 45 1 Sdv 8211 2.0 A SXIN H Sd 8.0T
€52°0 X 90°0 [l 45 | Sdv 1211 €120 X 100 —XN 1T I Sdv 1101
¥52°0 A [w €T H Sd 9211 €120 X 100 I 1T | Sdv 9/0T
¥52°0 A (+) 1T H S S2TT €120 X £00°0 Il €T | Sdv S.0T
G5Z°0 X 0 +XIN € | VN veTT v120 A U9 H 3sd 20T
852°0 A w 45 H Sl €211 Y1270 X 5000 —XIN ras I Sdv €L0T
6520 A 50000 —XIN 1T 1 Sdv (448 §1Z°0 A 100 +XIN €T I Sdv zL0T
G520 A (+) 44 H Sd 1211 G/2°0 A 100 Il €T I Sdv T.0T
G120 X S000°0 +XIN 1T | Sdv 0401 262°0 X €000 Il €T I Sdv 020T
6120 A JWN 1 3sd 69071 2620 X 8000 XN dXIN I Sdv 6T0T
9/2°0 A dunN H Sd 8901 262°0 A 5000 —XN duin I Sdv 8T0T
9/2°0 A +XIN 1T | Sd 1901 262°0 A 5000 Il dun I Sdv LT0T
9/2°0 A <AL, H Sd 9907 €62°0 A ) I 3sd 9T0T
9/2°0 X 9000 soy 1T | Sdv G901 €62°0 A 6000 +XIN dXIN I Sdv GT0T
1120 X dXIN H S 90T €62°0 A 6000 Il dXIN I Sdv ¥10T
8120 A 6000 Il €T 1 Sdv €90T €620 X 2000 +XN €z I Sdv €T0T
8120 A (+) 45 H Sd 2901 €62°0 A (+) €T H Sd Z10T
8120 X ¥00°0 —XIN 44 | Sdv 1901 €62°0 X ee H S TT0T
8120 A 5000 —XIN €T 1 Sdv 0907 ¥62°0 X L00°0 XN T I Sdv 0T0T
8120 X pig H S 6501 ¥62°0 X 1000 Il s I Sdv 600T
8120 A 0 +XIN €T | Vs 8501 ¥62°0 X ra4 H S 800T
6.2°0 A 6000 +XIN €T 1 Sdv /50T ¥62°0 X ra4 H SL L00T
6120 X ¥00°0 Il 44 | Sdv 9507 ¥62°0 X T H S 900T
082°0 A €T H Sl G501 S62°0 A 8000 Il €T I Sdv S00T
182°0 X [ 44 H S 50T S62°0 X 0 Il €T | VxA 00T
182°0 A €00 +XIN dXIN | Sdv €501 962°0 X €000 —XIN €e I Sdv €00T
182°0 A €00 Il dXIN | Sdv 2501 962°0 A Nd JWN I 3sd 200T
2820 X +XIN €T 1 Sd 1501 962°0 A 0 XN €T I VN T00T
2820 X Il €T | Sd 0507 962°0 A (+) 44 H SL 000T
2820 A Ad 1T | Sl 6701 962°0 X 1000 —XIN €T I Sdv 666
€82°0 A 6000 —XIN dun 1 Sdv 80T 862°0 A €T H Sd 866
€82°0 A 600°0 Il dunN | Sdv 1¥0T 862°0 A 100 —XN duin I Sdv 166
¥82°0 X =) 4 H Sd 9v0T 8620 A 100 Il duN | Sdv 966
G8z'0 X 154 H Sl SY0T 862°0 X 6000 +XIN dUn I Sdv 566
G8Z°0 A 600°0 +XIN 4 | Sdv 70T 862°0 A pig H S 766
G82°0 A 600°0 Il 45 | Sdv €701 662°0 X 00 —XIN 4 I Sdv €66
982°0 X 500 +XIN 4 1 Sdv 20T 6620 X 700 Il € | Sdv 266
982°0 X 500 [l 45 | Sdv 70T 662°0 X 200 +XIN 4 I Sdv 166
982'0 A 0 [l €T | Vs 0r0T 00€°0 A 8000 +XIN ras I Sdv 066
9820 X €000 [l €€ 1 Sdv 6€0T 00€0 A 8000 Il 4 | Sdv 686
1820 X 8000 —XIN 1T | Sdv 8€0T 00€°0 A s H 3sd 886
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 32

Paul et al.

¥ST°0 A —XIN dXIN 1 Sl 6721 60Z°0 X 8000 +XIN e I Sdv 66TT
8ST°0 A 9000 Il 1T | Sdv 8rzT 602°0 X 200 —XIN ra4 I Sdv 86TT
6ST°0 A 900°0 —XIN 1T | Sdv VA7) 602°0 A Jw| ra4 H S L6TT
6ST'0 A (+) 1T H Sd 9veT 2120 A (81] 22 H S1 96TT
6ST°0 A 5000 soy 1T | Sdv SheT €120 X 9000 +XIN ee I Sdv G6TT
6ST°0 A 5000 +XIN 1T | Sdv 474" €120 A Jw ee H S ¥6TT
29T°0 X —XIN €T 1 Sd 374" v12°0 X +XIN dUn I SL €6TT
L9T°0 X 100 +XIN 4 | Sdv wer G120 X 100 +XIN duin I Sdv 2611
19T°0 X 100 Il 45 | Sdv et §TZ°0 X 100 —XIN dXIN I Sdv T6TT
8970 A ¥0'0 +XIN 4 1 Sdv orzT STZ°0 X 8000 XN e I Sdv 06TT
8970 A ¥0'0 Il 45 | Sdv 6€2T 1120 X 1000 +XIN ee I Sdv 68TT
0.T°0 X 1000 —XIN €T | Sdv 8ezT LTZ°0 X ) €T H SL 81T
0.T°0 A 5000 Il 1T 1 Sdv €21 6120 A XN ras I Sd 18TT
0.T°0 X 6000 soy 1T | Sdv 9ez1T 6720 X 8000 Il ee I Sdv 98TT
2LT0 A 5000 —XIN 1T | Sdv Gezt 1220 A Jw ee H SL G8TT
€70 A 6000 —XIN 45 1 Sdv vezT 1220 X €000 XN €T I Sdv ¥8TT
LIT0 A 0 —XN 1T | VN £ezl 2220 X 6000 —XN dXIN I Sdv €8TT
8.T°0 A ¥00°0 say 1T | Sdv [AXA4 2220 X 9000 Il ee I Sdv 2811
6.T°0 X 6000 —XIN e 1 Sdv 1€21 220 A 1000 XN T I Sdv 87T
18T°0 A ¥00°0 —XN 1T | Sdv 02T 2220 A 4 H SL 08TT
18T°0 X 100 —XIN € | Sdv 6221 2220 A ) ras H S 6.TT
Z8T°0 A 100 —XIN 45 1 Sdv 82zT €220 A T H SL 8.TT
€870 A €00 +XIN 45 | Sdv 1221 €220 X 900 —XN (4 I Sdv LITT
€8T°0 A €00 [Nl 4 1 Sdv 9zeT €220 X 900 I €2z | Sdv 9.1T
G8T'0 A [ 1T H S 52zt €220 A [ 1T H S1 SITT
9870 A €000 —XIN 1T | Sdv vezl €220 A [w| 1T H Sd vLTT
18T°0 A 8000 —XIN 45 | Sdv X441 ¥2z2°0 X L00°0 Il ee I Sdv eLTT
18T°0 A ) 1T H Sd (444 ¥2z°0 X 5000 XN ee I Sdv 2LTT
8870 X 100 +XIN e | Sdv 1221 ¥2z0 X 100 —XN 4 I Sdv TLTT
§22°0 A 0 +XIN 1T | Vs 0.TT §52°0 A 2000 +XIN 1T I Sdv 02TT
9220 A =) 1T H Sl 69TT 952°0 A 8000 +XIN dUn I Sdv 6TTT
922°0 A w| €2 H Sd 8911 952°0 X ¥00°0 +XIN ee I Sdv 8TTT
1220 A 0 say 1T | Vs 1911 852°0 X ¥00°0 Il ee I Sdv LTTT
1220 X 0 XN €T 1 VN 99TT 8520 X (+) € H Sd 9TTT
822°0 A Ad 44 | Sd GoTT 852°0 A 200 Il 44 I Sdv GTTT
1€2°0 A —XIN 1T | Sl Y911 652°0 A L00°0 +XIN ra4 I Sdv YITT
1€2°0 A [l 1T 1 SL €9TT 6520 A JWN H 3Sd eTTT
2€2°0 X 1000 +XIN 14 | Sdv 2911 652°0 X 5000 +XIN ee I Sdv AN
€€2°0 A 900°0 —XIN 45 | Sdv 1911 652°0 A ra4 H Sd TTTT
v£Z°0 X 6000 —XIN 4 1 Sdv 09TT 09Z°0 A 8000 XN dXIN I Sdv 0TTT
9€Z'0 A 200 +XIN 4 | Sdv 65TT 192°0 A 1000 Il 1T I Sdv 60TT
9e2'0 A 200 Il 45 | Sdv 8STT 192°0 A 1000 soy 1T I Sdv 80TT
9£Z'0 X 200 +XIN 44 1 Sdv ISTT 2920 A Jw €T H SL L0TT
9€Z'0 A |w e H Sd 95TT 2920 X 6000 +XIN 4 I Sdv 90TT
L€2°0 X 1000 —XIN € | Sdv GSTT 2920 A 1000 +XIN 1T I Sdv SOTT
L£2°0 A [w 45 H Sd ¥STT €9Z°0 X ¥00°0 +XIN 4 I Sdv Y0TT
L€2°0 X €000 —XNl 4 | Sdv €511 €92°0 X 0 Il ee I VN €0TT
L€2°0 A w 14 H S 2811 ¥92°0 X 2000 —XIN € I Sdv 20TT
L£2°0 X 9000 +XIN 154 1 Sdv 18TT ¥92°0 X 6000 Il €T I Sdv T0TT
(0740 X 8000 —XN 4 | Sdv 0STT G92°0 X G000 ] ee I Sdv 001T
orz’0 A 0 +XIN 45 | Vs [an 99Z°0 A €000 +XIN ra4 I Sdv 660T
(01240] A 0 [l 4 1 VN 8yTT 9920 X 6000 +XN €T I Sdv 860T
(0740 A €000 soy 1T | Sdv A 99Z°0 X €000 +XIN 4 I Sdv /60T
(017240] A [ pig H S TT 992'0 X 8000 Il €T | Sdv 960T
20 A €000 [l 1T 1 Sdv SYTT 9920 A 0 +XN 22 I VxN S60T
20 X 500 —XN ¥4 | Sdv 2 192°0 A 5000 —XN 4 I Sdv 60T

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 33

Paul et al.

6500 A 1000 soy dun 1 Sdv GSET 660°0 A 00 XN dUn I Sdv S0ET
6500 A 1000 soy ¥4 | Sdv ¥SeT 660°0 A 00 Il dUnN I Sdv Y0ET
650°0 A 1000 say SXIN | Sdv £5€T 00T°0 A +XIN dun I SL €0eT
6500 A 1000 soy .3, 1 Sdv 25€T 90T'0 A 100 XN dXIN I Sdv 20€T
6500 A 1000 soy W, | Sdv 15¢T 60T°0 A 100 —XN €T I Sdv TOET
650°0 A 8000 say 44 | Sdv 0S€ET TIT°0 A 100 +XIN dun I Sdv 00€T
6500 A 8000 soy e 1 Sdv 6vET ZIT0 X 100 +XIN T I Sdv 6621
6500 A 800°0 soy dXIN | Sdv 8veT Y10 A 6000 soy 1T I Sdv 8621
650°0 A 8000 say dunN | Sdv LYET STT'0 A 200 +XIN €T I Sdv 1621
6500 A 8000 soy €2z 1 Sdv 9vET STT0 A 200 Il €T | Sdv 962T
6500 A 800°0 soy SXIN | Sdv GPET LTT°0 A +XIN duin I Sd g6¢T
650°0 A 8000 say <3, | Sdv PrET LTT0 A —XIN ra4 I Sd 62T
6500 A 8000 soy <AL, 1 Sdv eYET LTT0 A XN dXIN I Sd €621
6500 A 600°0 soy 44 | Sdv et LTT°0 A —XN €T I Sd 2621
650°0 A 600°0 say e | Sdv TreT LTT0 A 100 +XIN 1T I Sdv 1621
6500 A 6000 soy dXIN 1 Sdv OvET 8IT0 A 100 +XIN ras I Sdv 062T
6500 A 600°0 soy dunN | Sdv 6EET 8110 A 100 Il 4 I Sdv 6821
650°0 A 600°0 say 14 | Sdv 8e€eT 0210 X —XIN dXIN I Sd 8821
6500 A 6000 soy SXIN 1 Sdv L€ET 0z1°0 X +XIN dUn I Sd 1821
6500 A 600°0 soy W3, | Sdv 9g€T 1210 A 8000 soy 1T I Sdv 9821
650°0 A 600°0 say <AL, | Sdv GeeT 1210 A 200 +XIN ra4 I Sdv G821
6500 A 700 soy 44 1 Sdv YEET 0£T0 A 900 +XIN ras I Sdv 82T
6500 A 100 soy e | Sdv geet 0£T°0 A 900 Il 4 I Sdv €821
650°0 A 100 say dXIN | Sdv Z€eeT Z€T0 A 100 —XIN 1T I Sdv 2821
6500 A 100 soy dun 1 Sdv T€€T ZET0 A 100 Il T I Sdv 1821
6500 A 100 soy 14 | Sdv 0g€T ZET0 A +XIN €e I Sd 0821
650°0 A 100 say SXIN | Sdv 62€T YET'0 A 8000 +XIN 1T I Sdv 6.2T
6500 A 100 soy .3, 1 Sdv 8zl GET'0 A 9000 soy T I Sdv 82T
6500 A 100 soy W, | Sdv /28T GET0 A 6000 +XIN 1T I Sdv 1121
650°0 A 200 say 44 | Sdv 9z€eT GET'0 A 6000 —XIN €T I Sdv 9,21
6500 A 200 soy e 1 Sdv GZeT 9eT'0 A 6000 XN T I Sdv §/2T
6500 A 200 soy dXIN | Sdv v2etT 9eT°0 A 6000 Il 1T I Sdv Y121
650°0 A 200 say dunN | Sdv x4 LET0 A L00°0 +XIN 1T I Sdv €L21
6500 A 200 soy SXIN 1 Sdv (44 8€T0 A L00°0 soy T I Sdv XA
6500 A 200 soy W3, | Sdv T2eT 8€T°0 X ¥0°0 SXIN I Sdv T1.2T
6ET°0 A 600°0 —XIN dXIN | Sdv 0421 68T°0 X 9000 —XIN €T I Sdv 0221
w10 A 500 +XIN 45 1 Sdv 6921 06T°0 X ¥00°0 XN €T I Sdv 612T
1o A 500 Il 45 | Sdv 8921 06T°0 X G000 —XIN €T I Sdv 8121
7r1°0 A 600°0 +XIN dunN | Sdv 1921 T6T°0 X 100 Il e I Sdv L12T
SrT'0 X 8000 —XIN €T 1 Sdv 99ZT 96T°0 A 2000 XN T I Sdv 91T
Y10 X 100 —XN €T | Sdv 59z1T 96T°0 A 1000 —XN €T I Sdv GTZT
Y10 X 600°0 —XIN €T | Sdv y92T 86T°0 A 200 —XIN ra4 I Sdv y12T
8rT'0 A 9000 +XIN 1T 1 Sdv €921 66T°0 X 6000 +XIN ee I Sdv e1eT
8y1°0 A 1000 —XNl 1T | Sdv 2921 66T°0 X 7000 —XIN €e I Sdv zret
8vT'0 A 1000 [l 1T 1 Sdv 1921 0020 A [l €T H S 1127
6vT0 A (+) €€ H Sd 0921 002°0 A 7000 +XN 1T I Sdv o1etT
6770 A 200 —XINl 1T | Sdv 6521 102°0 A 0 Il 1T I VN 602T
6770 A 200 Il 1T | Sdv 8521 2020 A L00°0 —XIN ras I Sdv 8021
0ST0 A 8000 XN €T 1 Sdv 1621 2020 A =) 4 H S1 102T
0ST'0 X 200 +XIN €T | Sdv 9521 €02°0 A 7000 Il T I Sdv 9021
0ST'0 X 200 [l €T 1 Sdv GGeT €020 A =) A H Sd 5021
0ST'0 A 8000 —XIN 1T 1 Sdv ¥SzT ¥0Z°0 X 6000 +XIN T I Sdv Y0ZT
0ST'0 A 8000 Il 1T | Sdv €521 90Z°0 X 6000 Il ee I Sdv €021
1ST°0 X 200 —XIN 1T | Sdv 252t 9020 A 1T H Sd 202t
15T°0 X 200 Il 1T 1 Sdv 1521 L0Z°0 A ra4 H SL 102T
¥ST'0 X (+) e H Sd 0521 802°0 A €T H S 00ZT

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 34

Paul et al.

GE0'0 X 8000 soy 154 1 Sdv T9VT 6500 A 50000 soy dUn I Sdv TTVT
GE0'0 X 800°0 soy SXIN | Sdv 09%1 6500 A 50000 soy (4 I Sdv oTYT
GE0'0 X 8000 say <3, | Sdv 65VT 650°0 A 50000 soy SXIN I Sdv 60VT
GE0'0 X 8000 soy <AL, 1 Sdv 85vT 6500 A 50000 soy <3, I Sdv 80vT
GE0'0 X 600°0 soy 44 | Sdv ISYT 6500 A 50000 soy L, I Sdv LOVT
GE0'0 X 600°0 say e | Sdv 95¥T 650°0 A 1000 soy ra4 I Sdv 90vT
GE0'0 X 6000 soy dXIN 1 Sdv GSPT 6500 A 1000 soy e I Sdv SOVT
GE0'0 X 600°0 soy duin | Sdv i 6500 A 1000 soy dXIN I Sdv YovT
GE0'0 X 600°0 say 14 | Sdv £SpT 650°0 A 1000 soy dun I Sdv covT
GE0'0 X 6000 soy SXIN 1 Sdv AsTar 6500 A 1000 soy 4 I Sdv Z0vT
GE0'0 X 600°0 soy W3, | Sdv ST 6500 A 1000 soy SXIN I Sdv TOVT
GE0'0 X 600°0 say <AL, | Sdv 0S¥T 650°0 A 1000 soy = I Sdv 00vT
GE0'0 X 700 soy 44 1 Sdv 6vT 6500 A 1000 soy WAL, I Sdv 66€T
GE0'0 X 100 soy e | Sdv 8yt 6500 A 2000 soy I I Sdv 86€T
GE0'0 X 100 say dXIN | Sdv Azar 650°0 A 2000 soy ee I Sdv L6ET
GE0'0 X 100 soy dun 1 Sdv 72" 6500 A 2000 soy dXIN I Sdv 96€T
GE0'0 X 100 soy 14 | Sdv ShyT 6500 A 2000 soy duin I Sdv G6ET
GE0'0 X 100 say SXIN | Sdv aza’ 650°0 A 2000 soy 4 I Sdv ¥6ET
GE0'0 X 100 soy .3, 1 Sdv vyt 6500 A 2000 soy SXIN I Sdv €6€T
GE0'0 X 100 soy W, | Sdv faad’ 6500 A 2000 soy o3, I Sdv Z6ET
GE0'0 X 200 say 44 | Sdv Tyt 650°0 A 2000 soy <AL, I Sdv T6€T
GE0'0 X 200 soy e 1 Sdv orvT 6500 A €000 soy ra4 I Sdv 06€T
GE0'0 X 200 soy dXIN | Sdv 6EVT 6500 A €000 soy €e I Sdv 68ET
GE0'0 X 200 say dunN | Sdv la 650°0 A €000 soy dXIN I Sdv 88€eT
GE0'0 X 200 soy SXIN 1 Sdv LEVT 6500 A €000 soy dUn I Sdv 18€T
GE0'0 X 200 soy W3, | Sdv 9evT 6500 A €000 soy 4 I Sdv 98€T
GE0'0 X 200 say <AL, | Sdv GeVT 650°0 A €000 soy SXIN I Sdv G8ET
GE0'0 X €00 soy .3, 1 Sdv YEVT 6500 A €000 soy <3, I Sdv ¥8eT
GE0'0 X €00 soy <AL, | Sdv gevt 6500 A €000 soy <AL, I Sdv €8eT
GE0'0 X 0 say 44 | Vs eVt 650°0 A ¥00°0 soy ra4 I Sdv Z8€T
GE0'0 X 0 soy e 1 VN TeVT 6500 A ¥00°0 soy e I Sdv T8€T
GE0'0 X 0 soy dXIN | VN 0eYT 6500 A ¥00°0 soy dXIN I Sdv 08eT
GE0'0 X 0 say dunN | Vs 6211 650°0 A ¥00°0 soy dun I Sdv 6LET
GE0'0 X 0 soy 45 1 VN 4 6500 A ¥00°0 soy 4 I Sdv 8.€T
GE0'0 X 0 soy €T | VN 12T 6500 A ¥00°0 soy SXIN I Sdv LIET
GE0'0 X 0 say 14 | Vs 9ZvT 650°0 A ¥00°0 soy = I Sdv 9/€T
GE0'0 X 0 soy SXIN 1 VN GevT 6500 A ¥00°0 soy WAL, I Sdv G/ET
GE0'0 X 0 soy 3, | VN veyT 6500 A 5000 soy 44 I Sdv vIET
GE0'0 X 0 say <AL, | Vs X420 650°0 A 5000 soy e I Sdv eLET
900 A 200 +XIN 154 1 Sdv [442" 6500 A 5000 soy dXIN I Sdv ZLET
870°0 A 100 —XIN 14 | Sdv T2yl 6500 A 5000 soy duin I Sdv T/ET
650°0 A 5000 say 14 | Sdv 0L€T 650°0 A 200 soy <AL, I Sdv 0Z€T
6500 A 5000 soy SXIN 1 Sdv 69€T 6500 A €00 soy = I Sdv 6TET
650°0 A 5000 soy W3, | Sdv 89€T 6500 A €00 soy L, I Sdv 8TET
650°0 A 5000 say <AL, | Sdv 19€T 650°0 A 0 soy ra4 I VA LTET
6500 A 9000 soy 44 1 Sdv 99€T 6500 A 0 soy ee I VN oTeT
6500 A 9000 soy e | Sdv G9eT 6500 A 0 soy dXIN I VN GTET
650°0 A 900°0 say dXIN | Sdv Y9€T 650°0 A 0 soy dun I VA YIET
6500 A 9000 soy dun 1 Sdv €9€T 6500 A 0 soy ras I VN eTeT
6500 A 9000 soy 14 | Sdv 29€T 6500 A 0 soy €T I VN ZIeT
650°0 A 900°0 say SXIN | Sdv T9€T 650°0 A 0 soy 4 I VA TTET
6500 A 9000 soy .3, 1 Sdv 09€T 6500 A 0 soy SXIN I VN 0TET
6500 A 9000 soy <AL, | Sdv 65ET 6500 A 0 soy o3, I VN 60ET
650°0 A 1000 say 44 | Sdv 85€T 650°0 A 0 soy WAL, I VA 80€T
6500 A 1000 soy e 1 Sdv 1SET G80°0 A 80°0 = I Sdv LOET
6500 A 1000 soy dXIN | Sdv 95¢T G600 A 00 SXIN I Sdv 90€T

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 35

Paul et al.

NeN A 90°0 SXIN 1 Sdv /96T GE0'0 X 1000 soy 4 I Sdv LTST
NeN A 90°0 +XIN 14 | Sdv 99GT GE00 X 1000 soy SXIN I Sdv 9TGT
NeN A 90°0 +XIN €T | Sdv G9GT GE0'0 X 1000 soy = I Sdv GTST
NeN A 90°0 +XIN dun 1 Sdv 96T GE0'0 X 1000 soy L, I Sdv Y1ST
NeN A 900 +XIN dXIN | Sdv £9GT GE00 X 2000 soy 44 I Sdv €TST
NeN A 90°0 +XIN e | Sdv 2961 GE0'0 X 2000 soy ee I Sdv 28T
NeN A 90°0 +XIN 44 1 Sdv 1961 GE0'0 X 2000 soy dXIN I Sdv TIST
NeN A 900 +XIN 1T | Sdv 095T GE00 X 2000 soy duin I Sdv 01ST
NeN A S0°0 <AL, | Sdv 65GT GE0'0 X 2000 soy 4 I Sdv 60ST
NeN A 500 SXIN 1 Sdv 855T GE0'0 X 2000 soy SXIN I Sdv 80ST
NeN A 500 +XIN ¥4 | Sdv /SST GE00 X 2000 soy o3, I Sdv L0ST
NeN A S0°0 +XIN €T | Sdv 95GT GE0'0 X 2000 soy <AL, I Sdv 90ST
NeN A 500 +XIN dun 1 Sdv GSST GE0'0 X €000 soy 44 I Sdv S0ST
NeN A 500 +XIN dXIN | Sdv ¥SST GE00 X €000 soy ee I Sdv ¥0ST
NeN A S0°0 +XIN e | Sdv €561 GE0'0 X €000 soy dXIN I Sdv €0ST
NeN A 500 +XIN 44 1 Sdv 2551 GE0'0 X €000 soy duin I Sdv 20ST
NeN A 500 +XIN 1T | Sdv 15ST GE00 X €000 soy (4 I Sdv T0ST
NeN A ¥0'0 +XIN 14 | Sdv 0SST GE0'0 X €000 soy SXIN I Sdv 00ST
NeN A ¥0'0 +XIN €T 1 Sdv 65T GE0'0 X €000 soy o3, I Sdv 66¥T
NeN A ¥0'0 +XIN duin | Sdv 8¥ST GE00 X €000 soy L, I Sdv 86T
NeN A ¥0'0 +XIN dXIN | Sdv L¥ST GE0'0 X ¥00°0 soy ra4 I Sdv L6VT
NeN A ¥0'0 +XIN e 1 Sdv 9yST GE0'0 X ¥00°0 soy ee I Sdv 96¥T
NeN A ¥0'0 +XIN 44 | Sdv GpST GE00 X ¥00°0 soy dXIN I Sdv S6YT
NeN A ¥0'0 +XIN 1T | Sdv PrST GE0'0 X ¥00°0 soy dun I Sdv y6vT
NeN A €00 +XIN 154 1 Sdv £YST GE0'0 X ¥00°0 soy (Y4 I Sdv e6vT
NeN A €00 +XIN €T | Sdv ST GE00 X ¥00°0 soy SXIN I Sdv Z6VT
NeN A €00 +XIN dunN | Sdv TrST GE0'0 X ¥00°0 soy = I Sdv T6VT
NeN A €00 +XIN e 1 Sdv 0rST GE0'0 X ¥00°0 soy L, I Sdv 06YT
NeN A €00 +XIN 44 | Sdv 65T GE0'0 X G000 soy I I Sdv 6871
NeN A €00 +XIN 1T | Sdv 8eGT GE0'0 X 5000 soy ee I Sdv 88T
NeN A 200 +XIN 1T 1 Sdv €T GE0'0 X 5000 soy dXIN I Sdv L8YT
NEN A (=) €T H Sd 9eGT GE00 X 5000 soy duin I Sdv 98YT
NeN A =) 44 H Sd GEST GE0'0 X 5000 say 4 I Sdv G8YT

GE0'0 X 200 +XIN e 1 Sdv ST GE0'0 X 5000 soy SXIN I Sdv v8YT

GE0'0 X 200 +XIN dunN | Sdv £egT GE00 X 5000 soy o3, I Sdv €8yt

GE0'0 X 200 —XIN € | Sdv 2€T GE0'0 X 5000 soy <AL, I Sdv 28T

GE0'0 X 200 —XIN dXIN 1 Sdv 1€ST GE0'0 X 9000 soy ra4 I Sdv T80T

GE0'0 X 200 Il e | Sdv 0gST GE0'0 X 9000 soy €e I Sdv 08¥T

GE0'0 X S000°0 say 44 | Sdv 6251 GE0'0 X 9000 soy dXIN I Sdv 6LYT

GE0'0 X 50000 soy e 1 Sdv 85T GE0'0 X 9000 soy dUn I Sdv 8.L¥T

GE0'0 X G000°0 soy dXIN | Sdv /25T GE00 X 9000 soy (4 I Sdv LIVT

GE0'0 X S000°0 say dunN | Sdv 9281 GE0'0 X 9000 soy SXIN I Sdv 9L¥T

GE0'0 X 50000 soy 154 1 Sdv GesT GE0'0 X 9000 soy <3, I Sdv SV

GE0'0 X G000°0 soy SXIN | Sdv ¥2sT GE00 X 9000 soy L, I Sdv YT

GE0'0 X S000°0 say <3, | Sdv €261 GE0'0 X L00°0 soy ra4 I Sdv eLvT

GE0'0 X 50000 soy <AL, 1 Sdv 2esT GE0'0 X L00°0 soy ee I Sdv LT

GE0'0 X 1000 soy 44 | Sdv 12ST GE00 X 1000 soy dXIN I Sdv TYT

GE0'0 X 1000 soy du | Sdv 0LYT 8700 A 100 Il €z I Sdv (44

GE0'0 X 1000 soy 154 1 Sdv 6911 6500 A 200 +XIN ee I Sdv 6THT

GE0'0 X 1000 soy SXIN | Sdv 89vT 6500 A 200 +XIN duin I Sdv 8THT

GE0'0 X 1000 say <3, | Sdv L9VT 650°0 A 200 —XIN € I Sdv LTPT

GE0'0 X 1000 soy <AL, 1 Sdv 9911 6500 A 200 XN dXIN I Sdv 9Ty

GE0'0 X 8000 soy 44 | Sdv GovT 6500 A 200 Il ee I Sdv STHT

GE0'0 X 800°0 say € | Sdv ara 650°0 A 50000 soy ra4 I Sdv YT

GE0'0 X 8000 soy dXIN 1 Sdv £9vT 6500 A 50000 soy ee I Sdv eTvT

GE0'0 X 8000 soy dunN | Sdv 2911 6500 A 50000 soy dXIN I Sdv rAn 4"

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 36

Paul et al.

NeN A €00 soy dXIN 1 Sdv €21 NeN A 100 I € | Sdv €197
NeN A €00 soy [ | Sdv 22U NEN A 100 ] 44 I Sdv 2.9T
NeN A €00 soy 44 | Sdv 12T NeN A 100 Il 1T I Sdv T.9T
NeN A 90°0 W €T 1 Sdv 0491 NeN A 900 XN T I Sdv 0291
NeN A 900 N duin | Sdv 6997 NeN A 500 —XN €T I Sdv 6T9T
NeN A 90°0 W dXIN | Sdv 89971 NeN A 500 —XIN ras I Sdv 8197
NeN A 90°0 W e 1 Sdv 1991 NeN A 500 XN dUn I Sdv LT9T
NeN A 900 N 44 | Sdv 99917 NeN A 500 —XN dXIN I Sdv 9191
NeN A 90°0 W 1T | Sdv G991 NeN A 500 —XIN ee I Sdv GT9T
NeN A 500 W €T 1 Sdv #9971 NeN A 500 XN ra4 I Sdv ¥19T
NeN A 500 N duin | Sdv €997 NeN A 500 —XN 1T I Sdv €191
NeN A S0°0 W dXIN | Sdv 2991 NeN A 00 —XIN €T I Sdv 2191
NeN A 500 W e 1 Sdv 1991 NeN A 00 XN ras I Sdv T19T
NeN A 500 N 44 | Sdv 09917 NeN A ¥0°0 —XN dXIN I Sdv 01917
NeN A S0°0 W 1T | Sdv 6591 NeN A 00 —XIN ee I Sdv 6097
NeN A ¥0'0 W €T 1 Sdv 8591 NeN A 00 XN ra4 I Sdv 8097
NeN A ¥0'0 N dXIN | Sdv /59T NeN A ¥0°0 —XN 1T I Sdv 1091
NeN A ¥0'0 W e | Sdv 95971 NeN A €00 —XIN €T I Sdv 909T
NeN A ¥0'0 W 44 1 Sdv G591 NeN A €00 XN ras I Sdv S09T
NeN A ¥0'0 N 1T | Sdv ¥59T NeN A €00 —XN dXIN I Sdv ¥09T
NeN A €00 W €T | Sdv €991 NeN A €00 —XIN ee I Sdv €097
NeN A €00 W e 1 Sdv 2591 NeN A €00 XN ra4 I Sdv 2097
NeN A €00 N 44 | Sdv 1597 NeN A €00 —XN 1T I Sdv T09T
NeN A €00 W 1T | Sdv 0591 NeN A 200 —XIN €T I Sdv 009T
NeN A 600 —XIN 154 1 Sdv 67971 NeN A 200 XN ras I Sdv 665T
NeN A 60°0 —XN €T | Sdv 8v9T NeN A 600 L, I Sdv 86GT
NeN A 600 —XIN 45 | Sdv 1991 NeN A 600 = I Sdv 16T
NeN A 600 —XIN dun 1 Sdv 99T NeN A 600 SXIN I Sdv 965T
NeN A 60°0 —XN dXIN | Sdv Gp9T NeN A 600 +XIN (4 I Sdv G6ST
NeN A 600 —XIN € | Sdv Y791 NeN A 600 +XIN €T I Sdv 65T
NeN A 600 —XIN 44 1 Sdv €791 NeN A 600 +XIN ras I Sdv €65T
NeN A 60°0 —XN 1T | Sdv 9T NeN A 600 +XIN duin I Sdv 2651
NeN A 80°0 —XIN 14 | Sdv 791 NeN A 600 +XIN dXIN I Sdv 65T
NeN A 80°0 —XIN €T 1 Sdv () NeN A 600 +XIN e I Sdv 06ST
NeN A 800 —XN 4 | Sdv 6€9T NeN A 600 +XIN 44 I Sdv 68ST
NeN A 80°0 —XIN dunN | Sdv 8€91 NeN A 600 +XIN 1T I Sdv 88T
NeN A 80°0 —XIN dXIN 1 Sdv 1€91 NeN A 80°0 WAL, I Sdv 18T
NeN A 800 —XN € | Sdv 9e91T NeN A 80°0 SXIN I Sdv 98GT
NeN A 80°0 —XIN 44 | Sdv GeoT NeN A 80°0 +XIN 4 I Sdv G8ST
NeN A 80°0 —XIN 1T 1 Sdv €91 NeN A 80°0 +XIN €T I Sdv 85T
NeN A 100 —XN €T | Sdv £€917 NeN A 80°0 +XIN 4 I Sdv €8GT
NeN A 100 —XIN 45 | Sdv 2€91 NeN A 80°0 +XIN dun I Sdv 285T
NeN A 100 —XIN dun 1 Sdv 1€91 NeN A 80°0 +XIN dXIN I Sdv T8ST
NeN A 100 —XN dXIN | Sdv 0€91T NeN A 80°0 +XIN ee I Sdv 08ST
NeN A 100 —XIN € | Sdv 6291 NeN A 80°0 +XIN ra4 I Sdv 6.ST
NeN A 100 —XIN 44 1 Sdv 8291 NeN A 80°0 +XIN T I Sdv 8.ST
NeN A 100 —XN 1T | Sdv 1297 NeN A 100 L, I Sdv L1ST
NeN A 90°0 —XIN €T | Sdv 9291 NeN A 100 SXIN I Sdv 9/ST
NeN A 90°0 —XIN 4 1 Sdv G291 NeN A 100 +XIN 4 I Sdv G/ST
NeN A 900 —XN duin | Sdv ¥291 NeN A 100 +XIN €T I Sdv v18T
NeN A 90°0 —XIN dXIN | Sdv €291 NeN A 100 +XIN dun I Sdv €8T
NeN A 90°0 —XIN e 1 Sdv 2291 NeN A 100 +XIN dXIN I Sdv 2LST
NeN A 900 —XN 44 | Sdv 1291 NeN A 100 +XIN ee I Sdv T/GT
NeN A 100 +XIN 44 | Sdv 08T GE0'0 X 1000 soy € I Sdv 02sT
NeN A 100 +XIN 1T 1 Sdv 69GT GE0'0 X 1000 soy dXIN I Sdv 6TST
NeN A 900 W, | Sdv 89GT GE00 X 1000 soy duin I Sdv 8TGT

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 37

Paul et al.

NeN X 100 +XIN 1T 1 Sdv 6281 NeN A 800 soy €T I Sdv 6LLT
NeN X 900 W, | Sdv 8281 NeN A 80°0 soy 4 I Sdv 8/LT
NeN X 90°0 SXIN | Sdv 1281 NeN A 800 soy dun I Sdv LLLT
NeN X 90°0 +XIN 154 1 Sdv 9281 NeN A 80°0 soy dXIN I Sdv 9/LT
NeN X 900 +XIN €T | Sdv G281l NeN A 80°0 soy ee I Sdv G/LT
NeN X 90°0 +XIN dunN | Sdv 281 NeN A 800 soy ra4 I Sdv vLLT
NeN X 90°0 +XIN dXIN 1 Sdv €281 NeN A 80°0 soy 1T I Sdv €LLT
NeN X 90°0 +XIN [ | Sdv 2281 NeN A 100 soy L, I Sdv 2LLT
NeN X 90°0 +XIN 44 | Sdv 1281 NeN A 100 soy = I Sdv TLLT
NeN A 100 soy SXIN 1 Sdv 0LLT NeN A €00 soy T I Sdv 02LT
NeN A 100 soy ¥4 | Sdv 69.1T NeN A 200 soy (4 I Sdv 6TLT
NeN A 100 say €T | Sdv 89/T NeN A 200 soy €T I Sdv 8T.T
NeN A 100 soy 4 1 Sdv 1911 NeN A 200 soy ras I Sdv LTIT
NeN A 100 soy duin | Sdv 99/1 NeN A 200 soy 1T I Sdv 9TLT
NeN A 100 say dXIN | Sdv G9/T NeN A 100 soy €T I Sdv STLT
NeN A 100 soy e 1 Sdv Y9LT NeN A 100 soy ras I Sdv YTLT
NeN A 100 soy 44 | Sdv £9/1T NeN A 100 soy 1T I Sdv eTLT
NeN A 100 say 1T | Sdv 29LT NeN A 6000 soy €T I Sdv ZTLT
NeN A 900 soy <AL, 1 Sdv 19.T NeN A 6000 soy ras I Sdv TT.T
NeN A 900 soy 3, | Sdv 0917 NeN A 8000 soy €T I Sdv oTLT
NeN A 90°0 say SXIN | Sdv 6SLT NeN A 8000 soy ras I Sdv 60LT
NeN A 90°0 soy 154 1 Sdv 8S/T NeN A L00°0 soy €T I Sdv 80.T
NeN A 900 soy €T | Sdv 1SLT NeN A 1000 soy 4 I Sdv 10T
NeN A 90°0 say 45 | Sdv 98/T NeN A 9000 soy €T I Sdv 90T
NeN A 90°0 soy dun 1 Sdv GS/T NeN A 9000 soy ras I Sdv S0LT
NeN A 900 soy dXIN | Sdv ¥SLT NeN A 5000 soy €T I Sdv Y0LT
NeN A 90°0 say € | Sdv €8LT NeN A 5000 soy ras I Sdv €0.T
NeN A 90°0 soy 44 1 Sdv 28LT NeN A ¥00°0 soy €T I Sdv 20.T
NeN A 900 soy 1T | Sdv 15T NeN A ¥00°0 soy 4 I Sdv T0LT
NeN A S0°0 say <AL, | Sdv 0S.T NeN A €000 soy €T I Sdv 00LT
NeN A 500 soy .3, 1 Sdv 6.1 NeN A €000 soy ras I Sdv 6697
NeN A 500 soy SXIN | Sdv 8yl NeN A 2000 soy €T I Sdv 86971
NeN A S0°0 say 14 | Sdv JAZA NeN A 2000 soy ras I Sdv 16971
NeN A 500 soy €T 1 Sdv LT NeN A 1000 soy €T I Sdv 9697
NeN A 500 soy 4 | Sdv SPLT NeN A 1000 soy 4 I Sdv G69T
NeN A S0°0 say dunN | Sdv YrLT NeN A 50000 soy €T I Sdv 69T
NeN A 500 soy dXIN 1 Sdv evLT NeN A 50000 soy ras I Sdv €697
NeN A 500 soy € | Sdv Wit NeN A 600 N 4 I Sdv 2691
NeN A S0°0 say 44 | Sdv 1A7A NeN A 600 N €T I Sdv 1697
NeN A 500 soy 1T 1 Sdv orLT NeN A 600 N ras I Sdv 069T
NeN A ¥0'0 soy <, | Sdv 6ELT NeN A 600 W duin I Sdv 689T
NeN A ¥0'0 say <3, | Sdv 8eLT NeN A 600 N dXIN I Sdv 88971
NeN A ¥0'0 soy SXIN 1 Sdv LELT NeN A 600 N e I Sdv /89T
NeN A ¥0'0 soy ¥4 | Sdv 9e/T NeN A 600 N ra4 I Sdv 98971
NeN A ¥0'0 say €T | Sdv GeLT NeN A 600 N 1T I Sdv G89T
NeN A ¥0'0 soy 4 1 Sdv YELT NeN A 80°0 N 4 I Sdv 89T
NeN A ¥0'0 soy duin | Sdv A NeN A 80°0 W €T I Sdv €891
NeN A ¥0'0 say dXIN | Sdv ZeLT NeN A 80°0 N ras I Sdv 28971
NeN A ¥0'0 soy e 1 Sdv 1€LT NeN A 80°0 N dUn I Sdv 1897
NeN A ¥0'0 soy 44 | Sdv 0€LT NeN A 80°0 W dXIN I Sdv 0897
NeN A ¥0'0 say 1T | Sdv 62LT NeN A 80°0 N € I Sdv 6.9T
NeN A €00 soy SXIN 1 Sdv 82LT NeN A 80°0 N ra4 I Sdv 89T
NeN A €00 soy ¥4 | Sdv 12T NeN A 80°0 W 1T I Sdv 1191
NeN A €00 say €T | Sdv 92LT NeN A 100 N €T I Sdv 99T
NeN A €00 soy 4 1 Sdv GelT NeN A 100 N dUn I Sdv G/9T
NeN A €00 soy duin | Sdv veLT NeN A 100 W dXIN I Sdv v19T

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 38

Paul et al.

NeN X 100 W dun 1 Sdv GE6T NeN X 90°0 XN ras I Sdv G881
NeN X 100 N dXIN | Sdv vE6T NeN X 900 —XN duin I Sdv 88T
NeN X 100 W e | Sdv €61 NeN X 90°0 —XIN dXIN I Sdv €887
NeN X 100 W 44 1 Sdv 2¢6T NeN X 90°0 XN e I Sdv 78871
NeN X 100 N 1T | Sdv T€6T NeN X 900 —XN 44 I Sdv 18871
NeN X 90°0 W €T | Sdv 06T NeN X 90°0 —XIN T I Sdv 088T
NeN X 90°0 W dun 1 Sdv 6261 NeN X 500 XN €T I Sdv 6.8T
NeN X 900 N dXIN | Sdv 8261 NeN X 500 —XN 4 I Sdv 8/8T
NeN X 90°0 W e | Sdv 1261 NeN X 500 —XIN dun I Sdv 18T
NeN X 90°0 W 44 1 Sdv 9261 NeN X 500 XN dXIN I Sdv 9/8T
NeN X 900 N 1T | Sdv G261 NeN X 500 —XN ee I Sdv G/8T
NeN X S0°0 W €T | Sdv 26T NeN X 500 —XIN ra4 I Sdv 18T
NeN X 500 W dun 1 Sdv €261 NeN X 500 XN T I Sdv €181
NeN X 500 N dXIN | Sdv 2261 NeN X ¥0°0 —XN €T I Sdv 2.8T
NeN X S0°0 W e | Sdv 1261 NeN X 00 —XIN ras I Sdv T.8T
NeN X ¥0'0 —XIN dXIN 1 Sdv 08T NeN X 900 +XIN T I Sdv 0281
NeN X ¥0'0 —XN [ | Sdv 69817 NeN X 500 L, I Sdv 6T8T
NeN X ¥0'0 —XIN 44 | Sdv 8981 NeN X 500 SXIN I Sdv 8187
NeN X ¥0'0 —XIN 1T 1 Sdv 1981 NeN X 500 +XIN 4 I Sdv L18T
NeN X €00 —XN €T | Sdv 9981 NeN X 500 +XIN €T I Sdv 9181
NeN X €00 —XIN 45 | Sdv G981 NeN X 500 +XIN dun I Sdv GT8T
NeN X €00 —XIN dXIN 1 Sdv 981 NeN X 500 +XIN dXIN I Sdv Y181
NeN X €00 —XN € | Sdv €981 NeN X 500 +XIN ee I Sdv €181
NeN X €00 —XIN 44 | Sdv 2981 NeN X 500 +XIN ra4 I Sdv 2181
NeN X €00 —XIN 1T 1 Sdv 1981 NeN X 500 +XIN T I Sdv T18T
NeN X 200 —XN €T | Sdv 09817 NeN X ¥0°0 +XIN (4 I Sdv 01817
NeN X 200 —XIN 45 | Sdv 6581 NeN X 00 +XIN €T I Sdv 608T
NeN X 600 <AL, 1 Sdv 8581 NeN X 00 +XIN dUn I Sdv 808T
NeN X 60°0 3, | Sdv 15817 NeN X ¥0°0 +XIN dXIN I Sdv 1081
NeN X 600 SXIN | Sdv 9581 NeN X 00 +XIN ee I Sdv 908T
NeN X 600 +XIN 154 1 Sdv G581 NeN X 00 +XIN 44 I Sdv S08T
NeN X 60°0 +XIN €T | Sdv 58T NeN X ¥0°0 +XIN 1T I Sdv ¥08T
NeN X 600 +XIN 45 | Sdv €581 NeN X €00 +XIN 4 I Sdv €08T
NeN X 600 +XIN dun 1 Sdv 2581 NeN X €00 +XIN €T I Sdv 2081
NeN X 60°0 +XIN dXIN | Sdv 15817 NeN X €00 +XIN duin I Sdv 108T
NeN X 600 +XIN € | Sdv 0581 NeN X €00 +XIN ee I Sdv 008T
NeN X 600 +XIN 44 1 Sdv 6781 NeN X €00 +XIN 44 I Sdv 66.T
NeN X 60°0 +XIN 1T | Sdv 87817 NeN X €00 +XIN 1T I Sdv 86.T
NeN X 80°0 <AL, | Sdv 1¥8T NeN X 200 +XIN 1T I Sdv 1611
NeN X 800 SXIN 1 Sdv 9181 NeN X =) €T H Sd 96.T
NeN X 800 +XIN ¥4 | Sdv Gv8T NeN X =) 44 H Sd G6LT
NeN X 80°0 +XIN €T | Sdv 781 NeN A 600 soy <AL, I Sdv Y6LT
NeN X 80°0 +XIN 4 1 Sdv €781 NeN A 600 soy o3, I Sdv €6LT
NeN X 800 +XIN duin | Sdv 81T NeN A 600 soy SXIN I Sdv Z6LT
NeN X 80°0 +XIN dXIN | Sdv 781 NeN A 600 soy 4 I Sdv T6.T
NeN X 80°0 +XIN e 1 Sdv or8T NeN A 600 soy €T I Sdv 06.T
NeN X 800 +XIN 44 | Sdv 6£8T NeN A 600 soy 4 I Sdv 68.T
NeN X 80°0 +XIN 1T | Sdv 88T NeN A 600 soy dun I Sdv 88T
NeN X 100 <AL, 1 Sdv €8T NeN A 600 soy dXIN I Sdv 1811
NeN X 100 SXIN | Sdv 9e81T NeN A 600 soy €e I Sdv 981
NeN X 100 +XIN 14 | Sdv Gest NeN A 600 soy ra4 I Sdv G8LT
NeN X 100 +XIN €T 1 Sdv €8T NeN A 600 soy 1T I Sdv ¥8.T
NeN X 100 +XIN duin | Sdv £estT NeN A 80°0 soy L, I Sdv €8LT
NeN X 100 +XIN dXIN | Sdv 2¢81 NeN A 80°0 soy = I Sdv 28T
NeN X 100 +XIN e 1 Sdv 1€81 NeN A 80°0 soy SXIN I Sdv T8LT
NeN X 100 +XIN 44 | Sdv 0€81T NeN A 80°0 soy 4 I Sdv 08LT

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 39

Paul et al.

NeN X 80°0 soy 154 1 Sdv 0r0z NeN X 00 soy ra4 I Sdv 066T
NeN X 800 soy €T | Sdv 6£02 NeN X ¥0°0 soy 1T I Sdv 686T
NeN X 80°0 say 45 | Sdv 8£02 NeN X €00 soy SXIN I Sdv 8867
NeN X 80°0 soy dun 1 Sdv 1£02 NeN X €00 soy 4 I Sdv 1867
NeN X 800 soy dXIN | Sdv 9802 NeN X €00 soy €T I Sdv 9867
NeN X 80°0 say e | Sdv Ge0z NeN X €00 soy ras I Sdv G86T
NeN X 80°0 soy 44 1 Sdv €02 NeN X €00 soy dUn I Sdv 86T
NeN X 800 soy 1T | Sdv £€02 NeN X €00 soy dXIN I Sdv €867
NeN X 100 say <AL, | Sdv 2802 NeN X €00 soy ee I Sdv 2867
NeN X 100 soy .3, 1 Sdv 1€02 NeN X €00 soy ra4 I Sdv 86T
NeN X 100 soy SXIN | Sdv 0€02 NeN X €00 soy 1T I Sdv 086T
NeN X 100 say 14 | Sdv 6202 NeN X 200 soy 4 I Sdv 6.6T
NeN X 100 soy €T 1 Sdv 8202 NeN X 200 soy €T I Sdv 8.6T
NeN X 100 soy 4 | Sdv 1202 NeN X 200 soy 4 I Sdv 1161
NeN X 100 say dunN | Sdv 9202 NeN X 200 soy 1T I Sdv 96T
NeN X 100 soy dXIN 1 Sdv G202 NeN X 100 soy €T I Sdv G/6T
NeN X 100 soy [ | Sdv 202 NeN X 100 soy 4 I Sdv Y161
NeN X 100 say 44 | Sdv €202 NeN X 100 soy 1T I Sdv €167
NeN X 100 soy 1T 1 Sdv 2202 NeN X 6000 soy €T I Sdv 2L6T
NeN X 900 soy W, | Sdv 1202 NeN X 6000 soy 4 I Sdv T/6T

o} PN usiyL ABy dwd al uns uey 0 BN UsdyL ABy dwo al ws uey
NeN X 8000 soy €T 1 Sdv 06T NeN X 500 N ra4 I Sdv 0Z6T
NeN X 8000 soy 4 | Sdv 69617 NeN X 500 W 1T I Sdv 6T6T
NeN X 1000 say €T | Sdv 8961 NeN X 00 N €T I Sdv 8167
NeN X 1000 soy 4 1 Sdv 1967 NeN X 00 N dXIN I Sdv LT6T
NeN X 9000 soy €T | Sdv 9961 NeN X ¥0°0 W ee I Sdv 9T6T
NeN X 900°0 say 45 | Sdv G96T NeN X 00 N ra4 I Sdv GT6T
NeN X 5000 soy €T 1 Sdv 96T NeN X 00 N T I Sdv Y161
NeN X 5000 soy 4 | Sdv £96T NeN X €00 W €T I Sdv eT6T
NeN X ¥00°0 say €T | Sdv 2961 NeN X €00 N ee I Sdv 26T
NeN X ¥00°0 soy 4 1 Sdv 1961 NeN X €00 N ra4 I Sdv TT6T
NeN X €000 soy €T | Sdv 0961 NeN X €00 W 1T I Sdv 0T6T
NeN X £00°0 say 45 | Sdv 6561 NeN X 600 —XIN 4 I Sdv 606T
NeN X 2000 soy €T 1 Sdv 85671 NeN X 600 XN €T I Sdv 8067
NeN X 2000 soy 4 | Sdv /56T NeN X 600 —XN 4 I Sdv L06T
NeN X 1000 say €T | Sdv 9567 NeN X 600 —XIN dun I Sdv 906T
NeN X 1000 soy 4 1 Sdv GS6T NeN X 600 XN dXIN I Sdv S06T
NeN X 50000 soy €T | Sdv ¥S6T NeN X 600 —XN ee I Sdv ¥06T
NeN X S000°0 say 45 | Sdv €561 NeN X 600 —XIN ra4 I Sdv €06T
NeN X 600 W 154 1 Sdv 25671 NeN X 600 XN T I Sdv 2067
NeN X 60°0 N €T | Sdv 15617 NeN X 80°0 —XN (4 I Sdv T06T
NeN X 600 W 45 | Sdv 0567 NeN X 80°0 —XIN €T I Sdv 006T
NeN X 600 W dun 1 Sdv 6761 NeN X 80°0 XN ras I Sdv 668T
NeN X 60°0 N dXIN | Sdv 8v6T NeN X 80°0 —XN duin I Sdv 8681
NeN X 600 W € | Sdv L¥6T NeN X 80°0 —XIN dXIN I Sdv 168T
NeN X 600 W 44 1 Sdv 6T NeN X 80°0 XN e I Sdv 968T
NeN X 60°0 N 1T | Sdv GY6T NeN X 80°0 —XN 44 I Sdv G68T
NeN X 80°0 W 14 | Sdv Yr6T NeN X 80°0 —XIN 1T I Sdv 68T
NeN X 80°0 W €T 1 Sdv V6T NeN X 100 XN €T I Sdv €687
NeN X 800 N 4 | Sdv 6T NeN X 100 —XN 4 I Sdv 2681
NeN X 80°0 W dunN | Sdv Tr6T NeN X 100 —XIN dun I Sdv 68T
NeN X 80°0 W dXIN 1 Sdv or6T NeN X 100 XN dXIN I Sdv 068T
NeN X 800 N € | Sdv 6E6T NeN X 100 —XIN €e I Sdv 688T
NeN X 80°0 W 44 | Sdv 86T NeN X 100 —XIN ra4 I Sdv 888T
NeN X 80°0 W 1T 1 Sdv 1€6T NeN X 100 XN T I Sdv 18871
NeN X 100 N €T | Sdv 9e6T NeN X 900 —XN €T I Sdv 9887

o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



Page 40

Paul et al.

NeN X 90°0 soy = I Sdv 0202
NeN X 90°0 soy SXIN I Sdv 6102
NeN X 90°0 soy 4 I Sdv 8102
NeN X 90°0 soy €T I Sdv 1102
NeN X 90°0 soy ras I Sdv 9102
NeN X 900 soy dun I Sdv ST0Z
NeN X 90°0 soy dXIN I Sdv ¥102
NeN X 90°0 soy e I Sdv €102
NeN X 900 soy ra4 I Sdv z10z
NeN X 90°0 soy 1T I Sdv 1102
NeN X 500 soy WAL, I Sdv 0102
NeN X 500 soy = I Sdv 6002
NeN X 500 soy SXIN I Sdv 8002
NeN X 500 soy 4 I Sdv 1002
NeN X 500 soy €T I Sdv 9002
NeN X 500 soy ras I Sdv 5002
NeN X 600 soy <AL, 1 Sdv 502 NeN X 500 soy dUn I Sdv Y002
NeN X 600 soy W3, | Sdv €502 NeN X 500 soy dXIN I Sdv €002
NeN X 600 say SXIN | Sdv 2502 NeN X 500 soy e I Sdv 2002
NeN X 600 soy 154 1 Sdv 1502 NeN X 500 soy ra4 I Sdv 1002
NeN X 600 soy €T | Sdv 0502 NeN X 500 soy 1T I Sdv 0002
NeN X 600 say 45 | Sdv 6702 NeN X 00 soy WAL, I Sdv 666T
NeN X 600 soy dun 1 Sdv 8702 NeN X 00 soy = I Sdv 8667
NeN X 600 soy dXIN | Sdv 1¥02 NeN X 00 soy SXIN I Sdv 1667
NeN X 600 say € | Sdv 90z NeN X 00 soy 4 I Sdv 966T
NeN X 600 soy 44 1 Sdv G702 NeN X 00 soy €T I Sdv S66T
NeN X 600 soy 1T | Sdv 7702 NeN X 00 soy T I Sdv 66T
NeN X 80°0 say <AL, | Sdv €702 NeN X 00 soy dun I Sdv €667
NeN X 80°0 soy .3, 1 Sdv 2oz NeN X 00 soy dXIN I Sdv 2667
NeN X 800 soy SXIN | Sdv 702 NeN X 00 soy €e I Sdv 1661
o) A ysayL Aby dwo aL wis Suey 0 A ysayL Aby dwo aL wis sjuey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Biomech Eng. Author manuscript; available in PMC 2008 December 4.



