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Effectiveness of Dynamic Anterior Tibia Control (DATC)
in Push ortho Knee Brace ACL

Introduction

The treatment of knee injuries is an
important part of any sports or general orthopaedic
practice. Knee bracing has become a widely used
method of treatment in cases when the function
of specific ligaments has been compromised. These
braces are used in a variety of situations: (1)
prophylactically, to avoid injury in the first place;
(2) to try and minimise the need for surgery; (3)
pre-operative support; (4) post-operative care.
Braces for stabilising the knee of patients with
anterior cruciate ligament deficiency (ACLD) must
at least control the posterior-anterior translations
of the tibia with respect to the femur and, in the
event of an ACL reconstruction, prevent overload
stress from being placed on the implant.

Most conventional (functional and/or rehabilita-
tive) knee braces consist of three elements: rigid
vertical, medial and lateral bars connected by
shells; hinges at the knee that can be adjusted to
limit the range of motion; and several non-elastic
straps that hold the brace in place. The hinges
used today are polyaxial, and mimic the changing
axis of motion of the flexing knee in such a way
that the position and direction of the momentary
rotation axis is fixed for each flexion angle of the
knee. In other words, this type of hinge system
not only controls the range of motion, but also
the motion pattern of the knee itself.

A brace construction in which a fixed pattern of
motion is imposed on the knee does not take into
consideration the ACL's biomechanical function of
controlling the rolling-gliding ratio, together with
the fore-aft translations of the tibia with respect
to the femur. Drawing on scientific literature,
computer modelling and biomechanical tests,
the Push ortho Knee Brace ACL (Push ACL) was
designed to allow tibia translation control as well
as a physiologically “free” motion of the knee.

Theoretical background

In order to design an effective knee brace,
information is necessary regarding real-life, knee-
ligament forces and tibial translations during
activities such as gait. Since it is practically
impossible to measure ligament forces and bone
translations directly in-vivo, these magnitudes
must be calculated using advanced musculoskeletal
models of the lower limb and knee, and externally
measuring variables such as joint motions, ground
reaction forces and muscle activities.

This was done by the group of KB Shelburne (1,2),
which published two excellent studies. In them,
the patterns of the total shear force acting at the
knee, the anterior cruciate ligament force and
the anterior tibial translation were presented as
a function of the gait cycle in normal walking for
both healthy and ACL-deficient knee subjects.

One of the group’s most important conclusions is
that force is exerted on the model ACL whenever
the total shear force (muscle forces, ground
reaction forces and joint contact forces) points
anteriorly. The second important finding was that
in early stance, the shear force from the patellar
tendon dominates the total shear force applied
to the leg, which means that maximum force is
transmitted to the ACL at this time. An effective
knee brace, therefore, should control knee motion
and already provide an ACL protective function
in the early stance phase. From the group’s data,
the relation between the knee angle and the
anterior tibial translation (ATT) was extracted.
This provided the starting point for the design of
the Push ACL Knee Brace.

It was a prerequisite that the brace, in functional
terms, imposed a posterior force to the tibia
in early stance (at knee angles in the range of
10-30°) without disturbing the flexion-extension
mechanism of the knee. This could be realised by
incorporating a combination of a non-axial spring
leaf system and a dynamic anterior tibial control
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(DATC) system in the brace (Non-Ax™-system)
(figure 2). The DATC system makes it possible to
control the tibial translational shift and keep it
within physiological ranges, while allowing the
knee to complete the envelope of motion - there
are no fixed axes of rotation. The tibial strap,
connected to the 4-bar mechanism of the DATC
system, applies a posterior-directed force to the
tibia during knee extension (figure 2b). This
construction was further refined via a computer-
simulated, rigid body modelling technique. The
prototype was then subjected to experimental
tests in order to confirm the effectiveness of the
induced backward forces mechanism.

Experimental findings

Ten test subjects with unilateral ACL deficient
knees consented to participate in the study. For
all subjects, there was clinical evidence (MRI and/
or arthroscopy) of a partial or complete rupture
of the ACL. A small pressure-sensing mat (Novel,
Munich) was placed between the brace and lower
leg at the frontal and proximal side of the tibia
(see figure 3a). Markers were placed at hip, knee
and ankle joints in order to determine knee angles
during gait (see figure 3b). During normal walking,
knee rotations, foot loading and interface (brace-
tibia) pressures were registered, respectively, by
video cameras, a force plate and the pressure mat.
These experiments were performed in two different
situations: with the DATC system intact and
functioning (active DATC), as well as disconnected
and not functioning (inactive DATC). The latter
was accomplished by loosening the connecting
strap A at the frontal side of the tibia (see figure 2).

The posterior-directed forces on the tibia were
calculated on the basis of the registered interface
pressures and a mathematical model (see figure
4). For the mathematical model, the cross-section
of the proximal lower leg was considered to be
circular as a first-order approximation.

The results of one trial of one test subject are
shown as an example in figure 5. When the leg is
in mid-swing phase, with the knee at large angles
- both relative and absolute - there are almost
no forces acting at the tibia. As heel landing
approaches, the knee is extending and the
posterior-directed force on the tibia is increasing.

This effect is seen in both the active and inactive
DATC system situations. When the DATC system
is disconnected (inactive DATC), there is still a
posterior tibial force which is induced by the non-
axial spring leaf system. However, when the DATC
is working (active DATC), the posterior tibial force
is much more substantial, which is important in
the loading response phase of the gait cycle: it is
in this phase, particularly, that the knee and ACL
is subjected to heavy (shear and tensile) loading
or stress. This posterior tibial force generated
by the DATC system remains applied during the
stance phase, when the knee angle is in the low
value range (10-30° degrees).

For all test subjects, the average posterior tibial
force by the Push ACL knee brace is 31.9 N + 12.5
SD at heel landing and 31.6 N = 10.1 SD at toe-off.
The mean added effect by the DATC system is 7.5
N at heel landing and 8.9 N at toe-off.

Conclusion

From this study it can be concluded that the
Push ACL knee brace limits anterior tibial shift
behaviour by inducing a posterior-directed tibial
force. It can be assumed that such a brace system
allows the normal range of tibial translations while
protecting an ACL-deficient and/or reconstructed
knee from overload.
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