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Abstract

The biomechanical models are evolving in order to be as close as possible to the clinic. Quantified movement analysis offers predictive and
/ or functional methods that help determine and model functional axes known as helical axes that seem today to represent the means closest
to human joint movement. The knee is a joint with complex movements subject to kinematic modifications. The knee joint changes that occur
during life seem to modify the helical axes and disrupt the kinematics of the joint. These alterations cause joint replacements by total knee
arthroplasty which have the particularity of being based on the knee axes in order to restore the anterior kinematics of the knee with the aim of
early functional recovery. The current design of total knee prostheses makes it possible to partially restore the functional axes of the knee, which

could in the long-term cause biomechanical disturbances responsible for sometimes unsatisfactory results.
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Introduction

The study of knee biomechanics describes the function of the
knee joint in terms of mechanical components [1]. The field of
biomechanics includes both the study of movements (kinematics)
by quantifying the movements of the segments of the human
body and the study of forces and torques (kinetics) acting on the
segments and joints. The authors describe the flexion / extension
movement as the main movement of the knee, which has 6 degrees
of freedom. Thus, it can perform 3 rotations (flexion / extension,
abduction / adduction, medial rotation / lateral rotation) and 3
displacements (anteroposterior, mediolateral and proximodistal)
[2]. In the context of certain biomechanical studies, the kinematics
of the knee is described in three-dimensional space using an
instantaneous axis called the helical axis or “screw axis”. The
helical movement is determined by the combination of a rotation
around a three-dimensional axis with a translation along this
same axis [3]. This method describing joint movements, however,
is not well understood by the clinical community [4]. And yet, it

gives a more realistic representation of the movement of the knee
since the joint never performs a single rotation.

Determination of Axes and Methods

The quantified motion analysis is based on the principles of
mechanics applied to the living. Indeed, for the study of movement,
the human being is considered as a rigid poly-articulated
mechanical object (assumed to be undeformable) which can be
broken down into several segments (bone segments). In three
dimensions, a segment is associated with a reference frame
defined by three non-collinear points (triangle). Unlike a straight
line, the triangle has an orientation and a position. The principle
of modeling is therefore to associate three points and thus to
determine the frame of reference specifically linked to each
anatomical segment of the body. It is from these reference frames
that we can calculate the movements of translations and rotations
of the segments. By linking the movements of the adjacent
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segments, the joint angles are obtained. This modeling principle
uses a so-called predictive approach.

The Vicon® Plug-in-Gait model, used in most gait analysis
laboratories, applies a method in the calculation of the center of
rotation of the knee [5]. To determine this, the PIG estimates the
hip CoR using three markers located on the pelvis. It then defines
the derived hip CoR and with other markers on the thigh, estimates
the knee CoR. The PIG finally uses the joint center of the derived
knee and two other markers on the upper ankle to estimate the
CoR of the ankle [6]. Therefore, errors in the proximal joints are
passed on to the distal joints. This observation is all the more
marked in subjects where bone markers are difficult to identify
around the pelvis, for example obese or overweight subjects.
According to Neptune and Hull as early as 1995 [7], shows that
the results of these approaches, which use regression equations,
for the hip joints have been found to be inaccurate by about 2 cm
compared to X-ray measurements.

Leardini et al. (1999) have shown that CoR can be determined
more precisely by so-called “functional” methods [8] which use
joint movement to determine CoR and axis of rotation. These
are therefore determined independently of each other. The
techniques used in this approach are distinguished in 2 categories
as explained by Ehrig et al. [9] in 2006:

i. Spherical adjustment methods: where the joint is
assimilated to a sphere according to its degrees of freedom in
order to define CoR estimated by the trajectory of the markers
[10,11]; these methods are based on the assumption that the CoR
center is stationary in the global coordinate system

ii. Transformation techniques: where two local landmarks
of the adjacent segments are associated along the recorded
sequence to find a common landmark in which the estimated
articular center is installed; we can then cite Symetrical Center
of Rotation Estimation technique or Symmetrical Axis of Rotation
Approach.

Several studies have shown the superiority in terms of
precision and reliability of functional methods compared to
predictive methods including that of Fiorentino et al. [12]
even if the authors highlight the fact that all these methods are
subject to error due to sensor placement and skin movements.
However, it is necessary to add to the transformation techniques
an algorithm making it possible to reduce the noise secondary to
skin movements such as for example the Optimal Common Shape
Technique introduced by Taylor et al. [13].

The functional methods to which the authors refer involve
capturing the movement of the subject’s lower limb as he explores
most of the range of motion possible at all degrees of freedom.
Several models of movements have been proposed and according
to a study carried out by Camomilla et al. [14], it would seem that
the “STAR ARC” movement (star movement then circumduction)
shows the best precision and the best reproducibility to determine
the CoR hip. To our knowledge, there are only a few studies that
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aim to determine the optimal calibration movement for the knee.

Determination des axes and TKA

The long-term satisfaction of patients with TKA is lower than
that of total hip replacement, with approximately 20% of patients
dissatisfied [15]. One possible reason is the failure of the artificial
joint to recreate the natural kinematics of the knee. Indeed, the
arthritic aspect of the knee disrupts the kinematics of the joint.
However, it is in relation to these axes that the prosthetic implant
will be designed and then implanted. The controlled study of
an arthritis population of Meireles et al. [16] reports angular
modifications at the level of the axes in the different planes in
a flexion-extension movement. Thus, the angles of abduction-
adduction in the frontal plane are found to be significantly
increased (16°-8°) while the measurements in the sagittal plane
seem to be substantially the same. In addition, the significant
determination of the axis movements seems to depend on the
method used.

David et al. [17] studies the movements of the axes before and
after TKA. This results in a significant difference in the helical and
transepicondylar axes (figure 1) in different displacements during
flexion-extension according to the initial morphotype (valgus).
The great variability between the pre-implant and post-implant
helical axes is suggested by the preoperative disturbance of the
soft tissue envelope to obtain a neutral mechanical alignment,
the sacrifice of anterior cruciate ligament and posterior cruciate
ligament, and the modified morphology of the components
compared to the natural anatomy of the knee. However, in order
to compensate for this modification of the axis, the structure of
the TKA induces a regular displacement of the CoR downwards,
which implies a rolling type movement, increasing as the knee
moves more in flexion. . This movement then compensates for the
modification of the axes induced by the TKA (Figure 2).

Furthermore, the study by Colle et al. [18] shows that the TKA
modifies the helical axis only in the frontal plane and not in the
axial plane (Figure 3). The results of this study are corroborated by
the study by lacono et al. [19], Bruni et al. [20] and a second study
by Colle et al. [21]. Only, the correction in the axial plane seems to
be decisive [19-22] but seems related to the preoperative valgus
[20] and the absence of muscle contraction during anesthesia
[23] in order to calibrate the prosthesis on the articular rotary
kinematics.

Conclusion

If the functional methods remain the most “reliable” to
reproduce the helical axes of the knee, this approach seems limited
in the restoration of its axes after TKA. The absence of voluntary
movementlinked to the surgery seems disturbed by the restoration
of the functional axis in the axial plane, a key determinant of the
functional success of a TKA. Thus, the variability of the restoration
and the reproducibility of the functional axes of the knee seems to
be responsible for the 20% of knee prostheses dissatisfied over
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time. Two hypotheses then emerge: rethink the design of the PTG
or improve the method of reproducibility of the helical axes of

seems closer to the clinic, it remains difficult to understand in its
determination, modeling and reproducibility.

the knee. Even if the biomechanical approach of the helical axes
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Figure 1: Comparison of the transepicondylar and helical axes during pre-implant and post-implant flexion for varus and valgus cases [17].
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Figure 2: Sliding and rolling movements. The sliding example is similar to the average movement of the lateral condyle post-implant and
the rolling example is similar to the pre-implant of the lateral condyle movement.
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Figure 3: Schematic representation of the preoperative and postoperative helical and transepicondylar angle in the frontal and axial plane.
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