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Abstract Patterns of motion in the native knee show

substantial variability. Guided motion prosthetic designs

offer stability but may limit natural variability. To assess

these limits, we therefore determined the in vivo kinematic

patterns for patients having a cruciate-substituting TKA of

one design and determined the intersurgeon variability

associated with a guided-motion prosthetic design. Three-

dimensional femorotibial contact positions were evaluated

for 86 TKAs in 80 subjects from three different surgeons

using fluoroscopy during a weightbearing deep knee bend.

The average posterior femoral rollback of the medial and

lateral condyles for all TKAs from full extension to max-

imum flexion was �14.0 mm and �23.0 mm, respectively.

The average axial tibiofemoral rotation from full extension

to maximum flexion for all TKAs was 10.8�. The average

weightbearing range of motion (ROM) was 1098 (range,

608–1508; standard deviation, 18.78). Overall, the TKA

showed axial rotation patterns similar to those of the nor-

mal knee, although less in magnitude. Surgeon-to-surgeon

comparison revealed dissimilarities, showing the surgical

technique and soft tissue handling influence kinematics in a

guided-motion prosthetic design.

Level of Evidence: Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

In vivo kinematic patterns in subjects undergoing TKA vary

considerably from the normal knee. This is supported with

findings from fluoroscopy, studies using in vitro analyses,

and those using external markers associated with gait lab-

oratory systems [1, 2, 4, 8–10, 12, 13, 16, 18, 19, 21, 22, 24,

25, 34–37]. With increasing knee flexion, the normal knee

reportedly experiences more posterior motion of the lateral

condyle leading to internal rotation of the tibia with respect

to the femur [18, 22, 25]. In contrast to the normal knee,

in vivo kinematic analyses suggest subjects undergoing

TKA often experience a motion pattern opposite the normal

knee where the condyles slide in the anterior direction with

increasing knee flexion [2, 8, 9, 24, 28, 31, 34–37]. Also,

in vivo kinematic studies involving patients undergoing

TKA have documented reverse rotational patterns [2, 10]

and lateral condylar liftoff [13, 21, 34, 37]. There is evi-

dence these abnormal kinematic patterns lead to decreased
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ROM [3, 11, 38]. In addition, these abnormal kinematic

patterns possibly relate to inferior functional performance

of daily activities by patients undergoing TKA. Noble et al.

[33] reported substantial differences in functional capacities

between patients who had successful TKAs and their age-

matched peers with normal knees. The activities causing the

most trouble in the TKA group were related to loaded

flexion and stability: squatting, kneeling, gardening, and

turning/cutting. Our current inability to restore physiologic

function is multifactorial and related to irreversible damage

caused by the arthritic process, surgical damage caused by

insertion of the implant, loss of proprioception, and kine-

matic changes induced by the prosthesis [3, 32, 34].

In the spectrum of kinematic abnormalities, a couple

studies suggest subjects having a posterior stabilized (PS)

TKA have less abnormal knee kinematics in deeper flexion

and greater flexion than subjects having a posterior cruci-

ate-retaining (PCR) TKA [8, 38]. However, measurement

in weightbearing conditions typically reduces the observed

ROM [11]. PCR and PS TKAs have similar kinematic

patterns in early flexion activities such as gait [9, 10].

Two important features influence stability and kine-

matics in the TKA implant: surface geometry of the

bearing surfaces and a mechanical interaction between the

polyethylene and the femoral component, eg, a cam and

post mechanism. In an in vitro study, Bull et al. related the

changes in knee kinematics to the articular geometry of a

single radius design. They observed only a small tibial

posterior translation between 40� and 90� flexion [6]. A

cruciate-retaining implant with differing geometries on the

lateral and medial condyles and a changing radius of cur-

vature of the femoral condyle showed improved kinematic

patterns [26]. Recently, an assumption was made and

implemented into a new TKA design that attempts to

substitute for the anterior cruciate ligament (ACL) and

posterior cruciate ligament (PCL) function by using an

asymmetric tibial plateau geometry and a dual-cam sub-

stitution attempting to produce more normal-like kinematic

patterns [39] (Fig. 1). One would presume that if the implant

behaved strictly as a mechanically constraint-guided motion

system, one would observe no intersurgeon and intrasurgeon

differences.

The aims of our study are twofold: (1) to describe the

in vivo kinematics for a TKA that substitutes for the ACL

and PCL and attempts to guide the motion using dual-cam

constraints function using an in vivo, fluoroscopic analysis

during a weightbearing, deep knee bend; and (2) to deter-

mine and compare the differences in patient groups

operated on by different surgeons.

Materials and Methods

The average age for all subjects included in this study was

66.5 years (range, 40–82 years; standard deviation [SD],

7.6). The averages for height, weight, and body mass index

for all subjects in this study were 169.1 cm (range, 150–

188 cm; SD, 9.3 cm), 82 kg (range, 56–126 kg; SD,

13.6 kg), and 28.6 kg/m2 (range, 21.2–40.7 kg/m2; SD,

3.9 kg/m2), respectively (Table 1). We assessed in vivo

knee kinematics for 80 subjects implanted with 86 Journey

Cruciate substituting (BCS) prostheses (Smith and

Nephew, Memphis TN) by three surgeons (JB, JV, MN) at

three hospitals. Surgeon 1 provided 40 TKAs from 38

patients, Surgeon 2 provided 35 TKAs from 34 patients,

and Surgeon 3 provided 11 TKAs from eight patients. All

surgeons used an anteromedial surgical exposure and

measured resection surgical technique with the same

instrument set provided by the manufacturer. We used a list

of chronologic consecutive patients with a well-functioning

TKA and selected those judged clinically successful

(Hospital for Special Surgery scores greater than 90) [20]

to contact for their consent to be included in this study. The

list was taken from a prospective database containing fol-

lowup of all patients undergoing TKAs. Ethical Committee

or Institution Review Board approval was obtained for

each of the three centers involved and informed consent for

all patients participating in the study.

Fluoroscopic examinations were performed in

Pellenberg, Belgium (Surgeon 1), Brugge, Belgium (Sur-

geon 2), and Knoxville, TN (Surgeon 3). We asked each

subject to perform successive deep knee bends to maximum

weightbearing flexion. Patients were examined using a C-

arm-type fluoroscopic unit after an initial trial squat without

fluoroscopy. As soon as good imaging was obtained from the

full squat, the exercise was finished. The fluoroscopic

Fig. 1 The dual cam mechanism of the implant substituting for ACL

and PCL function is shown. The posterior cam is asymmetric, driving

the internal rotation of the tibia with increasing flexion [35].
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images were stored on a digital video recorder for sub-

sequent analysis.

Using a three-dimensional (3D) model-fitting approach,

we determined the relative position of knee implant com-

ponents in 3D from a single-perspective fluoroscopic image

by manipulating a CAD model in 3D space using a pre-

viously described model-fitting process that was validated

[29, 30]. Individual fluoroscopic frames were captured and

analyzed at full extension (0�), 30�, 60�, 90� (if obtained),

120� (if obtained), and maximum (Max) knee flexion. The

correct 3D fit was achieved when the silhouettes of the

femoral and tibial implant components best matched

the corresponding components in the fluoroscopic image.

We determined the anteroposterior (AP) contact positions

for the medial and lateral condyles, axial rotation of the

femoral component relative to the tibial component, con-

dylar liftoff, and weightbearing ROM. The femorotibial

contact positions were determined by finding the lowest

point on the femoral component relative to the tibial

component for the medial and lateral sides. The AP posi-

tion was measured as the orthogonal distance from these

points to the midline of the tibial component. Positive

values indicated the position anterior to the midline; neg-

ative values indicated position posterior to the midline.

The insert design of the implant studied has unequal

condylar thicknesses on the medial and lateral sides of the

femoral component and the tibial insert in an attempt to

recreate a physiologic joint line in conjunction with

maintaining perpendicular bone cuts. To accurately deter-

mine condylar liftoff, the 3D CAD model of the

polyethylene insert was used in the analysis where it was

transparent during the overlay process but reappears in the

image attached to the tibial tray after the best fit is deter-

mined. Then, the algorithm was used to determine the

distance from each condyle to the polyethylene insert. The

difference between these two measurements was calculated

to determine the occurrence of condylar liftoff at any

flexion increment. We reported condylar liftoff only when

the measured difference was greater than 1.0 and then was

visually inspected by the operator to verify this occurrence.

We determined differences in femoral condylar posi-

tions for the medial and lateral sides and tibiofemoral axial

rotation orientation (angle) at all increments (0�, 30�, 60�,

90�, 120�, and Max) of weightbearing flexion between the

groups of patients treated by each of the three surgeons.

We also determined differences in femoral condylar

movement for the medial and lateral sides and relative

tibiofemoral axial rotation among all increments of

weightbearing flexion between the three groups. Differ-

ences in kinematic data, including orientation at the

analyzed increments and the movement between these

increments, were tested between the surgeon groups using

Student’s t-test and the Tukey-Kramer test using JMP

Statistical Discovery Software (SAS Institute, Cary, NC).

Results

All patients in this study undergoing TKAs experienced

posterior femoral rollback (PFR) of their medial and lateral

condyles from full extension to maximum knee flexion. At

full extension, the average medial and lateral condyle

contact positions were 5.2 mm and 7.2 mm, respectively

(Table 2). At maximum knee flexion, the average medial

condyle contact position moved posterior to �8.8 mm and

the lateral contact position also moved in the posterior

direction to �15.9 mm. Therefore, from full extension to

maximum knee flexion, the average amounts of PFR were

�14.0 mm medially and �23.0 mm laterally. The most

noticeable condylar movement occurred between 0� and

30� knee flexion, in which 66.3% and 68.1% of the medial

and lateral condylar movements were experienced by the

subjects in this study (Table 3). On average, the TKAs we

analyzed experienced a normal-like axial rotation pattern

from full extension to maximum flexion. The average

amount of axial rotation from full extension to maximum

Table 1. Demographic information for all patients and groups by surgeon

Group Number of

subjects

Number of

TKAs

Age (years) Height (cm) Weight (kg) Body mass index (kg/m2)

All TKAs 80 86 66.5 (range, 40–82;

SD, 7.6)

From 77 patients 168.4

(range, 150.1–188.0;

SD, 8.9)

From 77 patients 90.0

(range, 56.2– 125;

SD, 12.7)

From 77 patients 28.5

(range, 21.2–40.7;

SD, 3.8)

Surgeon 1 38 40 67.1 (range, 40–82;

SD, 8.9)

169.9 (range, 151.9–188.0;

SD, 9.4)

81.6 (range, 63.0 –115.0;

SD, 11.6)

28.3 (range, 21.6–35.9;

SD, 3.0)

Surgeon 2 34 35 66.8 (range, 51–78;

SD, 6.4)

166.6 (range, 150.1–183.9;

SD, 8.1)

80.5 (range, 57.0–125.0;

SD, 13.1)

29.0 (range, 21.2 –38.6;

SD, 3.8)

Surgeon 3 8 11 62.9 (range, 58–74;

SD, 4.9)

From 5 patients 170.7

(range, 160.0–185.4;

SD, 10.2)

From 5 patients 79.4

(range, 56.2–104.3;

SD, 19.4)

From 5 patients 27.4

(range, 21.3–40.7;

SD, 7.7)

SD = standard deviation.
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knee flexion was 10.8� (range, �4.2�–24.7�; SD, 6.2�)

(Table 4). The average weightbearing ROM for the TKA in

this study was 1098 (range 608–1508; SD, 18.78). Sixty-

three (73.3%) of the subjects achieved greater than 100�
weightbearing flexion and 25 (29.1%) experienced greater

than 120� weightbearing flexion (Table 5). Some patients

had near normal kinematics and ROM (Video 1, Supple-

mental materials are available with the online version of

CORR) and some had aberrant kinetics with poor ROM

(Video 2, Supplemental materials are available with the

online version of CORR).

We observed several differences between the patient

groups treated by the different surgeons. The medial con-

dylar position at full extension for Surgeon 3’s group was

more posterior compared with the groups of Surgeons 1

and 2 (p = 0.007 and p = 0.0008, respectively). We

observed no difference in lateral condylar position at full

extension. At Max flexion, the mean medial condylar

Table 2. Average medial and lateral contact positions* for all bicruciate TKAs and groups by surgeon

Group Medial Lateral

Average contact position

at full extension (mm)

Average contact at

maximum flexion (mm)

Average contact position

at full extension (mm)

Average contact at

maximum flexion (mm)

All TKAs 5.2 (range, �4.6 to 14.6;

SD, 3.5)

�8.8 (range, �14.4 to �1.4;

SD, 2.8)

7.2 (range, �4.1 to 18.5;

SD, 6.3)

�15.9 (range, �27.2 to �6.9;

SD, 3.8)

Surgeon 1 5.3 (range, 0.7 to 13.1;

SD, 2.7)

�7.8 (range, �12.8 to �1.9;

SD, 2.0)�
5.7 (range, �4.1 to 18.4;

SD, 6.2)

�16.3 (range, �27.2 to �10.4;

SD, 3.4)

Surgeon 2 6.1 (range, �3.4 to 14.6;

SD, 3.9)

�9.2 (range, �13.6 to �1.4;

SD, 2.8)

8.8 (range, �3.6 to 18.5;

SD, 6.4)

�16.4 (range, �24.1 to �6.9;

SD, 3.8)

Surgeon 3 2.1 (range, �4.6 to 7.4;

SD, 3.8)�
�10.7 (range, �14.4 to �3.5;

SD, 3.9)

7.3 (range, �2.6 to 16.0;

SD, 5.2)

�12.7 (range, �19.9 to �8.4;

SD, 3.6)�

* Values in parentheses are the range of contact positions (most posterior and most anterior) and standard deviation (SD); positive values indicate

position anterior to midline; negative values indicate position posterior to midline; �significant difference from other surgeon groups (p \ 0.05).

Table 3. Average medial and lateral posterior femoral rollback (PFR) and relative axial rotation

Group Medial PFR Lateral PFR Relative AR

Average 0�
to 30� (mm)

Average percent of

PFR to maximum

Average 0�
to 30� (mm)

Average percent of

PFR to maximum

Average 0�
to 30� (degrees)

Average degrees of

relative AR to

maximum*

All TKAs 9.2 (range, 1.0

to 23.4; SD, 4.3)

66.3% 16.1 (range, 3.2� to

31.0; SD, 7.2)

68.1% 8.2 (range, �7.4 to

18.0; SD, 5.4)

77.9%

Surgeon 1 8.2 (range, 2.7 to

18.9; SD, 3.5)

63.6% 15.1 (range, 4.0 to

30.6; SD, 6.6)

67.3% 8.1 (range, �2.4 to

17.1; SD, 5.1)

79.3%

Surgeon 2 11.0 (range, 2.5 to

23.4; SD, 4.7)�
73.1%� 18.5 (range, 3.5 to

31.0; SD, 7.4)

73.6%� 9.0 (range, �1.0 to

18.0; SD, 5.5)

75.3%

Surgeon 3 7.2 (range, 1.0 to

13.0; SD, 3.8)�
54.4%� 12.4 (range, 3.2� to

19.8; SD, 7.0)

53.7%� 6.0 (range, �7.4 to

14.1; SD, 6.3)

81.1%

* Calculated only for those TKA with relative AR to maximum magnitude greater than 1� (94% of all TKAs); �anterior movement; �significant

difference (p \ 0.05) among indicated surgeons; AR = axial rotation; SD = standard deviation.

Table 4. Average axial tibiofemoral rotations (ARs) and number of TKAs with various amounts of axial rotation

AR groups All TKAs Surgeon 1 Surgeon 2 Surgeon 3

Average AR* 10.8� (range, �4.2�
to 24.7�; SD, 6.2�)

10.6� (range, �0.3�
to 24.7�; SD, 6.1�)

11.9� (range, �1.7�
to 24.7�; SD, 6.1�)

8.3� (range, �4.2�
to 17.7�; SD, 6.8�)

TKA with normal AR 82 (95.3%) 38 (95.0%) 34 (97.1%) 10 (90.9%)

TKA AR greater than 5� 71 (82.6%) 33 (82.5%) 30 (85.7%) 8 (72.7%)

TKA AR greater than 15� 22 (25.6%) 10 (25.0%) 10 (28.6%) 2 (18.8%)

TKA with AR less than 0�� 4 (4.7%) 2 (5.0%) 1 (2.9%) 1 (9.1%)

* Values in parentheses are the range from most negative (opposite) to most positive (normal) axial rotation (AR) and standard deviation (SD);
�opposite axial rotation pattern.
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position for Surgeon 1 was more anterior than for Surgeons

2 and 3 (p = 0.0286 and p = 0.002, respectively), and

the mean lateral condylar position was more anterior for

Surgeon 3 than for Surgeons 1 or 2 (p = 0.0042 and

p = 0.0034, respectively) (Figs. 2, 3). The medial AP

movement from 0� to maximum flexion for Surgeon 3 was

different from Surgeon 1 (p = 0.0139) (Fig. 2). All surgeon

groups were similar (p [ 0.05) in AP movement on the

lateral side from 0� to maximum flexion (Fig. 3). We

observed other differences between surgeon groups in AP

condylar position and movement. The most consistent dif-

ference in movement was on the medial side between

Surgeons 1 and 2, which showed differences in movement

from 0� to 30� (p = 0.0062), 60� (p = 0.005), and 90�
(p = 0.0213). Other differences occurred between Surgeon

3 and the other two groups with respect to AP condylar

position for both condyles (Table 6). Although the overall

amount of axial rotation was similar, the angles at specific

flexion increments were different when compared among

surgeon groups. However, when comparing differences in

the ranges, the only difference occurred between from 0� and

90� flexion in which Surgeon 2 had more relative axial

rotation than the groups of Surgeon 1 (p = 0.0136) and

Surgeon 2 (p = 0.0038) (Table 6). Similar to condylar AP

movement, the majority of the overall axial rotation occur-

red in the first 30� knee flexion for all groups (Table 3).

Discussion

The patterns of motion in the normal knee exhibit sub-

stantial variability. Various prosthetic designs with guided

motion offer stability but may limit the natural variability.

However, if the implant behaved strictly as a mechanically

constraint-guided motion system, one would presume there

would be no intersurgeon and intrasurgeon differences. The

primary goal of our study therefore was to describe the

Table 5. Average WB ROM and count of TKA

WB groups All TKAs Surgeon 1 Surgeon 2 Surgeon 3

Average WB ROM (degrees) 1098 (range, 608–1508;
SD, 18.78)

1088 (range, 608–1368;
SD, 17.38)

1108 (range, 638–1508;
SD, 21.58)

1098 (range, 848–1348;
SD, 15.28)

Less than 90� WB ROM

(number of TKAs)

15 (17.4%) 5 (12.5%) 7 (20%) 2 (18.2%)

Greater than 100� WB ROM

(number of TKAs)

63 (73.3%) 31 (77.5%) 26 (74.3%) 9 (81.8%)

Greater than 120� WB ROM

(number of TKAs)

25 (29.1%) 11 (27.5%) 11 (31.4%) 2 (18.2%)

Greater than 130� WB ROM

(number of TKAs)

7 (8.4%) 2 (5.0%) 4 (11.4%) 1 (9.1%)

SD = standard deviation; WB ROM = weightbearing range of motion.

Fig. 2 The average medial AP position for all TKAs and groups by

surgeon are shown. The error bars indicate one standard deviation for

all surgeon groups, showing the differences between these groups.

The medial AP movement from 0� to maximum flexion for patients

from Surgeon 3 (green) was different from patients from Surgeon 1

(blue) (p = 0.0139).

Fig. 3 The average lateral AP positions for all TKAs and groups by

surgeon including error bars for the patient group from Surgeon 3 are

shown. All surgeon groups were similar (p [ 0.05) in AP movement

on the lateral side from 0� to maximum flexion. At maximum flexion,

the lateral condylar position of Surgeon’s 3 group was more anterior

than for the groups of Surgeons 1 and 2 (p = 0.0042 and p = 0.0034,

respectively).

Volume 468, Number 3, March 2010 A Comparative Kinematic Analysis Study 811

123



in vivo kinematics after implantation of a TKA prosthesis

based on a guided-motion principle. We also studied in-

trasurgeon and intersurgeon differences to evaluate the

influence of a guided motion prosthesis with dual post-cam

constraints on the in vivo kinematics.

The study has some limitations. First, the methods

allowed us to detect and describe kinematic differences

between groups of patients treated by different surgeons

but it does not relate these differences to soft tissue con-

ditions. Because the operations were performed without the

use of a surgical navigation system, the medial, lateral, and

AP laxity at the end of the procedure eventually was

decided by the surgeon’s subjective assessment of joint

stability and could not be measured in an accurate and

reproducible way. In analogy, fluoroscopic measurements

of the weightbearing ROM and kinematics before the

operation were not available for comparison with the

postoperative results.

Numerous kinematic analyses of the normal knee have

documented greater mean posterior motion of the lateral

condyle relative to the medial condyle, leading to a mean

internal rotation of the tibia with progressive knee flexion

[9, 15, 23, 25, 27, 29]. Komistek et al. reported the lateral

condyle achieved more posterior motion than the medial

condyle, 19.2 mm and 3.4 mm, respectively, with increas-

ing knee flexion during a deep knee bend [25]. They also

reported the occurrence of intersubject variability. From

full extension to maximum knee flexion, the medial con-

dyle translation ranged from +3 mm anterior motion to

�4.6 mm posterior motion. In comparison, the lateral

condyle movement was only posterior, ranging from �5.8

to �24.7 mm. The average tibiofemoral rotation during

flexion was 16.8� (range, 2.1�–27.1�). Bank’s group used

computed tomography derived bone models for model

registration and added MRI-derived articular surfaces for

obtaining higher accuracy of the contact areas [29]. They

observed the greatest femoral external rotation during the

squat activity but reported no posterior subluxation of

either femoral condyle in maximum knee flexion. In

comparing kneel, squat, and stairclimbing motions, they

found considerable variations in knee kinematics depend-

ing on the activity. In the native knee, different methods

seem to reveal different kinematic patterns: the rotational

patterns are variable and may be influenced by the bearing

surface forces, further influenced by foot position, body

inertia, and muscular activity. A guided motion prosthetic

knee design carries the risk of imposing a motion pattern

and excessively reducing this natural variability. Our data

show subjects experienced PFR of their lateral condyle

(mean 23 mm) and a lesser amount of PFR of their medial

condyle (mean 14 mm) during a loaded deep knee bend.

We observed greater medial condyle PFR than previously

reported for the normal knee [23, 25, 29], leading to similar

axial rotation patterns, but lower in magnitude than that of

the normal knee (10.8� for the patients in this study versus

16.8� in the native knee). This greater medial PFR as

compared with the normal knee raises concerns because it

potentially can overload the medial structures of the knee.

The variable analyzed in this study with the most imme-

diate impact on the patient’s function is the weightbearing

ROM. The ROM reported in this study would be consid-

ered low when compared with passive ROM. Dennis et al.

[11] reported weightbearing flexion can be 20� less, on

average, than passive flexion with the same group of

patients. We found an average weightbearing flexion of

1098 with a maximum flexion of 1508. Sixty-three subjects

(73.3%) achieved greater than 100� weightbearing flexion

and 25 (29.1%) experienced greater than 120� weight-

bearing flexion. So far, there is no clinical evidence relating

certain kinematic patterns to better outcomes like improved

longevity or better wear performance. Dorr even suggested

wear is not an issue in TKA as long as prosthetic designs

do not try to reproduce normality in kinematics [14]. In

contrast, recent in vivo work comparing laboratory data

with retrieval specimen analysis supported the use of

so-called ‘‘high flexion’’ designs because they improve

Table 6. Differences (p \ 0.05) in kinematic orientations and movements among surgeon groups

Different surgeon

groups

Kinematic orientations and movements

MAP MTRAN LAP LTRAN AR Angle REL AR

Surgeon 1 from

Surgeon 2

30, 60,� 120,� Max* 0–30,* 0–60, 0–90,

0–Max

— 0–60* — 0–90*

Surgeon 1 from

Surgeon 3

0,* 60,� 90,* 120,� Max* — 30,* 60,* 90,* Max* — 0, 30,* 60,* 90,*

Max,* 120

—

Surgeon 2 from

Surgeon 3

0,* 60,� 90,* 120� 0–30,* 30–60 30,* 60,* 90,* Max* 0–30, 0–60* 30,* 60,* 90,* Max* 0–90*

* Variable appears in two rows, groups in third row without variable are similar (p [ 0.05); �variable appears in all three rows indicating

difference (p \ 0.05) across all groups; MAP = medial AP position; MTRAN = medial AP movement between flexion increments; LAP =

lateral AP position; LTRAN = lateral AP movement between flexion increments; AR Angle = AR orientation; REL AR = relative AR between

flexion increments; Max = maximum; AP = anteroposterior; AR = axial rotation.
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contact conditions and preserve contact area at high flexion

angles [7]. In addition, there is in vitro evidence that

multidirectional sliding is detrimental to the polyethylene,

giving a theoretical advantage to guided motion [5]. Fregly

et al. [17] developed another argument illustrating the close

relation between kinematic behavior and wear patterns.

They wrote a computer model to predict wear patterns

based on kinematic in vivo analysis and validated this

model against a retrieval specimen [17].

The kinematic patterns we observed for this TKA

prosthesis were consistent for subject-to-subject compari-

son, reflected by the low SDs in the data. Although the

overall motion patterns were similar, we observed intra-

surgeon differences in the in vivo kinematics: the relative

axial rotation between 0� and 90� flexion was greater for

the patients of Surgeon 2 compared with the two other

surgeon groups (Table 4). This might be the result of a

more externally rotated orientation of the tibial component.

Looking at AP condylar position, the medial condyle is on

average more posterior and the lateral condyle more

anterior in the patients of Surgeon 3. This also may be a

phenomenon of the small sample size, but the differences

in midflexion were statistically different between Surgeon

3 and the other two surgeon groups. On the basis of the

reported differences in kinematic patterns among the sur-

geon groups, the null hypothesis that the implant would act

as a constraint mechanical device is refuted.

We found consistent kinematic patterns from patient to

patient. Surgeon-to-surgeon comparison revealed some

dissimilarities, showing surgical technique and soft tissue

handling do play a role when using this particular implant.

Although we did not observe normal kinematics in all

patients, all patients achieved femoral rollback during

flexion and the axial rotation pattern was normal in pattern

for 95% of the patients.
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