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ABSTRACT
Introduction: The purpose of this study was to 

develop and test techniques for tracking the path 
of contact between the tibial and femoral total knee 
replacement components during level over-ground 
walking.  The tibio-femoral path of contact could 
be an indicator of the in vivo performance of a 
total knee replacement as an estimator of areas of 
contact between the implant components.  A longer 
contact path, indicative of more sliding between 
the implant components during walking, could 
indicate an implant at risk for increased wear.  In 
addition, the tibio-femoral contact path determines 
the position and length of the muscle and ligament 
lever arms about the knee, and can subsequently 
influence knee contact force calculations.

Methods: Two methods were developed to pre-
dict the tibio-femoral contact pathways for total 
knee replacement devices.  Both methods used 
patient-specific knee kinematics obtained during 
gait analysis, standard radiographs obtained dur-
ing clinical follow-ups, and point-clouds of the 
tibial and femoral bearing surfaces.  The validity 
of the techniques was evaluated with knee wear 
simulator tests and comparisons to wear scars on 
postmortem retrieved tibial components.  

Results: The average total anterior-posterior dis-
tance covered by the contact path for ten patients 
implanted with a total knee replacement was 29.01 
mm on the lateral side, and 21.80 mm on the 
medial side.  Both methods for predicting the tibio-
femoral contact pathways yielded similar results, 

and fell within the wear scars of simulator-tested 
and postmortem retrieved implants.

Conclusions: The methods for predicting the 
tibio-femoral contact pathway using marker-based 
gait analysis and standard clinical radiographs 
are computationally simple, and reliably predict 
contact path characteristics as evaluated against 
wear scars from knee wear simulator tests and 
postmortem retrieved implants.  

Keywords: tibio-femoral contact path, total knee 
replacement, marker-based gait analysis, knee 
contact mechanics

INTRODUCTION
The path of contact between the tibia and femur 

during activities of daily living (ADLs) is critical for cal-
culating knee internal contact forces via numerical mod-
eling.  The tibio-femoral contact path location defines 
the moment arms for structures (muscles, ligaments, 
and contact forces) acting about the knee.  Knee joint 
sliding distance and relative sliding velocity, important 
contributors to wear of total knee replacement (TKR) 
devices, can also be determined from the tibio-femoral 
contact path.  Some of the error in modeling attempts 
to predict knee contact forces may be due to incorrect 
assumptions of the tibio-femoral contact pathway as seen 
by sensitivity studies to this parameter1,2.

The predominant technology for determining tibio-
femoral contact is fluoroscopy3-13.  Three-dimensional 
computer models of TKR components are fitted to the 
fluoroscopic images.  The contact point is defined as the 
centroid of the intersection of the articulating surfaces, 
or the closest point between articulating surfaces.  How-
ever, this technique is available in few laboratories and 
is not a standard-of-care procedure.

Our goal was to develop a method to reliably predict 
the tibio-femoral contact path during gait using subject-
specific anatomy, prosthesis geometry, standard radio-
graphs from clinical follow-ups, and three-dimensional 
relative TKR joint kinematics from marker-based motion 
analysis.  The tibio-femoral contact paths were predicted 
for ten TKR patients during the stance phase of gait.  We 
also compared the predicted contact pathways to wear 
scars from knee-wear simulator tests and postmortem re-
trieved tibial components for verification of the methods.  
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We hypothesized that we would find good agreement 
between two methods for predicting the tibio-femoral 
contact pathways, and that both methods would predict 
contact pathways that fell within wear scars on knee-wear 
simulator tested components and postmortem retrieved 
components.

METHODS

1. Motion Analysis, Point-Clouds, and Coordinate 
Systems

A four-camera optoelectronic system (Qualisys, 
Gothenburg, Sweden) tracked movements of reflective 
markers at 120 Hz during level walking from heel-strike 
to toe-off14.  The point cluster technique (PCT)15 mea-
sured six degree-of-freedom knee movements during 
stance: three displacements in the anterior-posterior 
(AP), medial-lateral (ML), and superior-inferior (SI) 
directions, and three rotation angles corresponding 
to knee flexion-extension, abduction-adduction, and 
external-internal rotation (Figure 1).  All motions ob-
tained with the PCT were reported with respect to the 
TEA in an anatomical-femoral coordinate system based 
on palpated landmarks16:  the medial and lateral femoral 
epicondyles, the greater femoral trochanter, the lateral-
most and medial-most aspects of the tibial plateau, and 
the lateral and medial malleoli.  

Point-clouds of the bearing surfaces of a Miller-
Galante II TKR device were obtained using a touch-probe 
coordinate measuring machine (SmartScope, Optical 
Gaging Products, Inc., Rochester, NY).  Coordinates of 
the articular surfaces were collected at one-millimeter 

increments for the tibial component and two-millimeter 
increments for the femoral component (Figure 2).  The 
femoral point-cloud only encompassed the surface areas 
of the condyles that articulated with the tibia (Figure 
2, inset).  

2. Subject Demographics
Three-dimensional knee motions were obtained dur-

ing level walking from ten TKR patients (6M/4F) after 
informed consent and IRB approval.  Patients performed 
three walking trials at a “normal” self-selected walking 
speed.  Contact paths of the index knee were calculated 
for the walking trial with a speed closest to 1 m/s for 
each subject.  Mean walking speed was 1.07 ± 0.15 m/s 
for all patients for the chosen trials.  All ten patients were 
implanted with a Miller-Galante II (MGII) TKR device 
(Zimmer Inc., Warsaw, IN) in the same hospital.  Four 
devices were implanted in the left side, six in the right 
(defining the index knees). 

3. Radiographic Measurements
Measurements from AP and lateral planar radio-

graphs taken during post-operative clinical follow-ups 
were used to align the point-clouds with the anatomical 
coordinate system (Figure 3).  AP radiographs were 
assumed to show the knee in a fully-extended neutral 
position.  Lateral radiographs were chosen that showed 
the posterior femoral condyles superimposed to the 
greatest extent.  On both views, rectangles were drawn 
bounding the femoral component.  Rectangle width and 
height (Figure 3, labels 5, 6, 9, 10) were used to scale 
radiographic measurements to the known implant size 
for each patient.

Figure 1.  Three-dimensional knee kinematics during the stance 
phase of walking for a sample patient tested in the Motion Analysis 
Laboratory using the point cluster technique (PCT) 15.  Movements 
are for the femur in a coordinate system originating at the mid-point 
of the transepicondylar axis (Figure 2).

Figure 2.  Tibial and femoral component point clouds (dotted 
surfaces).  The point clouds are shown in the femoral anatomical 
reference frame where the x-axis points laterally (coincident with 
the transepicondylar axis, TEA, of the femoral condyles), the y-axis 
points anteriorly, and the z-axis points superiorly.
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Additional measurements were used to align the com-
ponents with the anatomical coordinate system originat-
ing at the midpoint of the TEA (Figure 3, labels 1-4, 7, 
8).  On AP radiographs, the TEA connected the medial 
and lateral epicondylar processes and the midpoint was 
the anatomical coordinate system origin.  Three transla-
tions were performed to move the point-clouds to the 
anatomical coordinate system origin.  1) The femoral 
point-cloud was translated in the ML direction (along 
the x-axis) by the average of the perpendicular distances 
from the rectangle sides to the epicondyles (labels 3, 
4).  2) On the lateral radiograph, a circle was fit to the 
posterior femoral condyles, and the center of the circle 
was defined as the TEA12,17-22.  The femoral point-cloud 
was translated in the AP direction (along the y-axis) by 
the distance measured from the center of the circle to 
the lowest anterior-most point on the femoral component 
(label 7).  3) The femoral point-cloud was translated in 
the SI direction (along the z-axis) by the average of the 
perpendicular distances to the medial and lateral epi-
condyles (labels 1, 2).  Finally, the femoral point-cloud 
was rotated about the anterior axis (y-axis) to align the 
TEA with the x-axis (labels 1, 2).  The tibial point-cloud 
was translated and rotated by the same values as the 
femoral point-cloud and was rotated about the lateral 
axis (x-axis) by the posterior slope (label 8).  After the 
point-clouds were properly aligned with respect to the 
bones, they could be transformed by knee kinematics.

4. Tibio-femoral Contact Path Algorithms:  
Shortest Distance Method (SDM) and Contour 
Distance Method (CDM)

Two methods were developed to determine the tibio-
femoral contact pathway.  For the Shortest Distance 
Method (SDM), the tibio-femoral contact pathway was 
defined as the shortest distance between the trans-
formed femoral and tibial point-clouds at 100 instances 
during the stance phase walking.  The tibial plateau 
point-cloud was fixed while the femoral point-cloud was 
transformed according to the knee kinematics in an 
orthopaedic Euler rotation sequence about the body 
axes of the TKR components, Equation (1).  The femo-
ral point-cloud was first transformed by translation (xAP, 
yML, and zSI, for AP, ML, and SI translation, respectively), 
second by internal-external rotation (θ), third by adduc-
tion/abduction (φ), and finally by flexion/extension (α).

 (1)

For each instance of stance, the inferior-most point 
of the femoral point-cloud was defined as the “femoral 
contact point” because it was assumed that the lowest 
point would be the first to contact and/or penetrate 
the tibial plateau.  The tibial point that generated the 
minimum linear distance to the femoral contact point 
was deemed the “tibial contact point”.  The process 
was repeated for lateral and medial compartments.  
Although the positions of the TKR components were 
registered to the underlying bones using radiographs, 
the starting position of the femoral component on the 
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Figure 3.  Radiographic measurements for placing the implant point clouds in the anatomical reference frame (Figure 2).  Label Numbers: 1) 
bottom of femoral component to medial epicondyle, 2) bottom of femoral component to lateral epicondyle, 3) medial edge of femoral compo-
nent to bone, 4) lateral edge of femoral component to bone, 5) x-ray medial-lateral (ML) femoral component width, 6) x-ray anterior-posterior 
(AP) femoral component height, 7) AP distance from the epicondylar axis to the lowest anterior femoral component point, 8) tibial component 
posterior slope angle, 9) x-ray AP tibial component width, and 10) x-ray ML tibial component height.
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tibial component was unknown.  To address this issue, 
an automated, iterative process was used to position the 
contact path on the tibial plateau.  The initial AP position 
of the tibial point-cloud relative to the femoral point-cloud 
was chosen so that the range of AP femoral condylar 
motion was constrained to and centered on the tibial 
plateau.  Next the contact paths were calculated.  The 
relative locations of the centroids of the contact paths, 
compared to the average centroid location of wear scars 
on postmortem retrieved tibial plateaus23 (described be-
low) were next determined.  The tibial point-cloud was 
repositioned relative to the femoral point-cloud to match 
the contact path centroids with the wear scar centroids, 
and the contact paths were again calculated.  The itera-
tive process allowed subject- and walking trial-specific 
initial positioning of the femur with respect to the tibia.

The second method for calculating the tibio-femoral 
contact pathway, Contour Distance Method (CDM), was 
based on existing software24.  For the CDM, the TKR 
point-clouds (aligned as for the SDM) were transformed 
by a Cartesian Euler rotation sequence, Equation (2), 
about fixed global reference axes.  The tibial plateau 
remained fixed while the femoral component rotated 
according to the patient kinematics.  Vectors were com-
puted for all femoral points which defined the projection 
of the femoral component onto the tibial component.  
The contact point was defined as the centroid of the 
area of penetration between the femoral and tibial com-
ponents, or the centroid of the area that enclosed the 
10% of the points closest between the two components.

(2)

Contact path calculations were performed with cus-
tom software written in Matlab (v.7.8.0, The Mathworks, 
Inc., Natick, MA) and a C++ executable.

5. Comparison of predicted tibio-femoral contact 
paths to simulator-tested tibial components 

Three left-sided Miller-Galante II TKR devices were 
worn using a knee simulator.  Prior to testing, the sur-
faces of the tibial components were digitized in AP line 
scans at 100x100µm nominal XY point spacing with a 
low-incidence laser coordinate measuring machine (Opti-
cal Gaging Products, Inc., Rochester, NY) for input to 
the contact path algorithms.  The superior articulating 
surface of each tibial insert was dotted with a permanent 
marker.  Components were then loaded into a knee simu-
lator of a certified testing laboratory (EndoLab GmbH, 
Rosenheim, Germany) and tested under the loads and 
motions specified by the ISO-force controlled standard 
ISO 14242-125 for 15,000 cycles at 1.0 Hz.  The location of 
initial contact between the femoral and tibial component 
was measured.  Flexion, anterior-posterior translation, 
internal-external rotation, and axial force data from 
each station were recorded for a full cycle every 5,000 
cycles (Figure 4) such that full cycle recordings were 
taken three times.  Following testing, wear scars were 
obtained by tracing the inner boundaries of remaining 
marker dots using the optical microscope (SmartScope).

The recorded motion applied by the knee simulator 
to each station was used for tibio-femoral contact path 
calculation.  Because tibio-femoral contact is an area 
rather than a single point, a Hertzian contact area solu-
tion centered about each point on the contact path was 
computed.  A rigid cylinder was assumed for the femoral 
component and a compliant flat plane was assumed for 
the tibial plateau.  Contact area is a narrow rectangle 
of width “2b” by length “L” specified by Equation (3)26.

     (3)

For a given instance of stance “i”, contact area is a 
narrow rectangle of width “2b” by length “L” under ap-
plied load “P”, femoral condyle radius of curvature “r“, 
Poisson’s ratio of the tibial component “υ”, and Young’s 
modulus of the tibial component “E”.

Applied load was taken directly from the simulator 
output for each test (Figure 4).  Radius of curvature 
was calculated from the position of contact along an arc 
bisecting the femoral condyles.  Poisson’s ratio was equal 
to 0.4; Young’s modulus to 930 MPa27.  The rectangle 
length was equal to the width of the femoral condyles, 
20 mm.  Contact rectangles were calculated for all time 
points and overlaid to represent cumulative contact area 
centered about the contact paths.
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Figure 4.  Example applied load, flexion angle, anterior-posterior 
displacement, and internal-external rotation angle applied to the 
TKRs by the knee simulator.  Data shown is for one insert at 5000 
cycles of the 15000 cycle test.



H. J. Lundberg, A. Swanson, C. Knowlton, N. Inoue, M. A. Wimmer

98  The Iowa Orthopaedic Journal

6. Comparison to postmortem retrieved tibial 
components

We investigated 21 Miller-Galante II polyethylene 
inserts (Zimmer, Warsaw, IN, USA) retrieved postmor-
tem 19 to 145 months after implantation.  The retrieved 
inserts came from six men (8 inserts) and 11 women (13 
inserts).  The average age of the patients at time of the 
index arthroplasty was 75.2 years (range 59-87 years).

The video based measuring system (SmartScope) 
was again used to digitize the outlines of polished areas 
within the wear scars on the tibial plateaus.  The outlines 
were normalized to the same implant size, mirrored if 
of a left implant to represent a right knee implant, and 
overlaid with a 5 mm by 5 mm square grid.  A frequency 
count was performed to determine the prevalence of 
polishing across the tibial surface for all implants.  The 
average contact path, predicted from the average knee 
joint kinematics of the ten subjects, was superimposed 
on the frequency plots to compare the predicted contact 
path to the frequency of areas of polishing. 

7. Statistical Analysis
Paired t-tests were used to test for differences be-

tween SDM and CDM contact path characteristics.  
Linear regressions and ANOVAs were run to determine 
if SDM results reliably predict CDM contact path charac-
teristics.  Paired t-tests were used to test for differences 
between wear scars on knee-wear simulator tested com-
ponents and the calculated contact paths.  In all cases, 
contact path characteristics analyzed were centroid 
position, AP stretch, and ML stretch in both lateral and 
medial compartments.  AP stretch and ML stretch were 
defined by the AP and ML length of the box bounding 

the contact path.  All statistical tests were performed 
with SPSS (IBM Corp., Somers, NY).  Significance was 
set to p≤0.05.

RESULTS
The mean age of the ten subjects with TKRs was 65.0 

± 5.3 years at surgery and 77.0 ± 5.7 years at the gait test. 
Mean TKR in situ time was 11.9 ± 1.1 years.  The tibio-
femoral contact paths for a sample subject are shown 
in Figure 5.  The CDM and SDM resulted in similar 
contact pathways that were in close agreement in the 
AP direction.  CDM and SDM were only significantly 
different for the ML positioning of the medial centroid 
(p = 0.009, Table 1).  Although differences between 
methods were insignificant, a linear regression was 
performed to determine how well SDM results predicted 
CDM results.  With alpha = 0.05, AP and ML position of 
the medial contact path centroid, AP and ML stretch of 
the lateral contact area, and AP and ML stretch of the 
medial contact area of the SDM reliably predicted the 
same variables for the CDM.  When multiple indepen-
dent variables entered the linear regression, the SDM 
variables of AP and ML stretch of the medial contact 
area and AP and ML position of the medial contact area 
reliably predicted the AP stretch of the medial contact 
area calculated from the CDM (p = 0.015, R2 = 0.883).  
The same variables on the lateral contact area generated 
from the SDM predicted the AP stretch of the CDM 
lateral contact area (p = 0.017, R2 = 0.876).

The contact path calculations compared well to the 
wear scars measured on the simulator tested compo-
nents (Figure 6, Table 2).  The calculated tibio-femoral 
contact paths and Hertz contact area solutions fell within 
the wear scars on the tested tibial components.  The 
simulator tested components had an AP stretch of the 
lateral wear scars that were on average 5 mm longer 
than that calculated for the Hertz solution from the 
SDM (p = 0.002).  The centroid of the lateral wear scar 
of the simulator-tested components were on average 3 
mm farther lateral than the calculated Hertz solution 
from the CDM (p = 0.05), and the centroid of the medial 
wear scar of the simulator tested components were on 
average 1 mm farther medial than the calculated Hertz 

 SDM CDM p
 Medial Lateral Medial Lateral Medial Lateral
ML Centroid -20 ± 7.7 13 ± 7.3 -16 ± 4.8 14 ± 2.4 0.009 0.92

AP Centroid 19 ± 3.8 19 ± 9.4 20 ± 2.5 21 ± 4.1 0.31 0.60

ML stretch 20 ± 9.8 20 ± 9.4 22 ± 7.6 19 ± 4.7  0.22  0.64

AP stretch 22 ± 9.7 29 ± 11 24 ± 11 28 ± 8.2 0.15 0.71

Table 1.  The contact path characteristics were not significantly different between the shortest distance method (SDM) and the contour dis-
tance method (CDM) except for the ML-coordinate of the medial centroid.  Values are given in mm as mean ± SD.  The centroids refer to the 
coordinates of the centroid of the entire contact path.  AP and ML stretch refer to the AP and ML length of the box bounding the entire contact 
path.  P values are from paired t-tests.

Figure 5.  Sample subject contact path for: The shortest distance 
method (SDM), and the contour distance method (CDM).
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solution from the SDM method (p = 0.02).  All other 
measurements were not significantly different.  The 
average contact path compared well to the wear scars 
of postmortem retrieved tibial plateaus (Figure 7).  The 
prevalence of polishing was 75% to 100% in areas covered 
by the average contact path.

DISCUSSION
The tibio-femoral contact pathway is an important 

parameter for determining knee loading and to estimate 
areas of contact between the tibial and femoral TKR 
components.  In this study we developed two methods 
for determining the tibio-femoral contact pathway us-
ing marker-based gait analysis, standard radiographs 
obtained at clinical follow-ups, and point clouds of the 
TKR components.  Both methods developed for predict-
ing the tibio-femoral contact pathway resulted in accurate 
contact paths as shown by comparisons between the two 
methods and knee-simulator wear tests, consistent with 
our hypothesis.

In spite of our methodological rigor, this study was not 
without limitation. One limitation of the study involves 
measuring medial-lateral contact path movement.  The 
medial-lateral contact path components, which were bet-
ter predicted with the CDM than the SDM, are the most 
difficult to determine because this movement (movement 
towards the cameras) of the TEA is difficult to measure 

when all the cameras are on one side.  Knee-joint simula-
tors usually use flexion angle, AP translation, internal/
external rotation angle, and axial force as inputs, while 
ML translation is unconstrained.  Thus, the choice of 
method would not affect the input profile for knee wear 
simulation.

Another study limitation is the difficulty of register-
ing the knee movements, measured with marker-based 
gait analysis, to the motion of the TKR components.  
The iterative process described in this study allowed 
the contact path to be positioned on the tibial plateau at 
locations that corresponded to the wear scars measured 
from retrieved components23.  For this study, two or 
three iterations were enough to match the contact path 
and wear scar centroids within 0.1 mm.  Alternatively, 
radiographs or CT images that allowed registration be-
tween the skin markers and bones could be used with 
the same iterative process.

The contact paths produced by both methods com-
pared well to the wear scars from components tested on 
a knee wear simulator, consistent with our hypothesis.  
Although not significantly different, the areas of the wear 
scars on the tested components were larger than the 
area of contact predicted by the Hertz contact solution, 
and the wear scars had areas of contact on the intercon-
dylar eminence and the edges of the tibial plateau.  The 

Simulator SDM Hertz Solution CDM Hertz Solution p Simulator-SDM p Simulator-CDM
Medial Lateral Medial Lateral Medial Lateral Medial Lateral Medial Lateral

ML Centroid -20 ± 1.1 18 ± 0.8 -21 ± 0.1 21 ± 0.1 -19 ± 0.3 21 ± 0.3 0.02 0.29 0.29 0.05
AP Centroid 25 ± 1.2 17 ± 0.8 25 ± 0.5 18 ± 0.1 27 ± 0.8 18 ± 0.6 0.55 0.65 0.26 0.16
ML stretch 20 ± 5.0 22 ± 3.6 19 ± 0.1 18 ± 0.1 22 ± 0.6 20 ± 0.5 0.19 0.73 0.58 0.26
AP stretch 22 ± 0.50 18 ± 2.6 16 ± 0.4 17 ± 0.6 20 ± 1.4 18 ± 1.0 0.35 0.002 0.08 0.72
Area 267 ± 65 261 ± 41 240 ± 9.8 258 ± 6.6 346 ± 25 287 ± 12 0.94 0.57 0.23 0.38

Table 2.  Few significant differences were seen between the contact path characteristics (mean ± SD, units mm or mm2) of TKRs tested on a 
knee simulator and predictions by the shortest distance method (SDM) and the contour distance method (CDM).  The centroid coordinates 
refer to the centroid of the Hertz contact area calculated for the entire contact path.  AP and ML stretch refer to the AP and ML length of the 
box bounding the entire contact path.  Centroid coordinates correspond to Figure 2.

Figure 6.  Results from the SDM contact path calculation (red lines) 
compared to wear scars on tibial plateaus worn in the simulator (black 
outline).  Green bounding boxes indicate cumulative contact area 
predicted by a Hertz cylinder-on-flat solution centering at each point 
of the contact path. Tibial plateaus are mirrored and shown as right-
sided implants where medial is to the left and lateral is to the right.

Figure 7.  Frequency of polishing on 21 postmortem retrieved Miller-
Galante II (Zimmer Inc., Warsaw, IN) tibial plateaus overlaid with 
the contact path predicted from the average knee joint knematics 
of ten patients with the same implant.  Medial-lateral contact path 
location is neglected on the graph.  The medial and lateral contact 
path points are connected for each instance of the stance phase 
so that anterior-posterior translation and interior-exterior rotation 
of the femoral component can be visualized. Tibial plateau shown 
is right-sided where medial is to the left and lateral is to the right.
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tibial components used in the study had been previously 
placed on the simulator during setup of the tests and 
have some deformation on the surface, were only tested 
for a few cycles, and had some scratching during test 
set-up which could cause the irregular contact.  Finally, 
the ML width of the wear scars on insert 3 is smaller 
than the width of the femoral condyles.  This suggests 
that the femoral component was slightly out of alignment 
with the axis of rotation of the simulator, resulting in 
edge loading and smaller areas of contact.  Despite these 
limitations, Hertzian solutions centered at the SDM- and 
CDM-produced contact paths were similar to the tested 
components, lending confidence to our methods.

The predicted average contact path of the ten subjects 
also compared favorably with wear scars on postmortem 
retrieved components.  Most components (75-100%) 
showed highly polished areas in regions under the 
average contact path.  Polishing is a surface feature 
which indicates intended use of the device.  Components 
retrieved postmortem are considered well-functioning 
implants as they did not require a revision surgery. 
Hence, wear scars on the tibial inserts are a reflection 
of patient specific kinematics during activity. 

Although both SDM and CDM produced reliable 
contact paths, a strength of the SDM technique is the 
simplicity of the method.  The SDM technique allows 
testing of the tibio-femoral contact pathway for large 
cohorts of patients in clinical laboratories that use gait 
analysis equipment.  The ability to accurately predict the 
path of contact between tibia and femur is important be-
cause of the significant effect of the tibio-femoral contact 
pathway on calculated knee-joint forces and moments 
imposed by muscles about the knee-joint.

CONCLUSIONS
The tibio-femoral contact pathway during gait can be 

reliably predicted for TKR patients using subject-specific 
anatomy, prosthesis geometry, standard radiographs 
from clinical follow-ups, and three-dimensional relative 
TKR joint kinematics from marker-based motion analysis.  
The pathways predicted in this study compared well to 
wear scars on knee wear simulator-tested components 
and components retrieved postmortem, indicating that 
the predicted tibio-femoral contact pathways could be 
used as an estimate of contact areas between the tibial 
and femoral TKR components in vivo.
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