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AXIS CONGRUENCE AND AXIS MIGRATION
OF KNEE ORTHOSES IN PRACTICE

- RESULTS OF KINEMATIC INVESTIGATIONS -

Dr. G. Berschin, V. Schneider,
Prof. Dr. H.-M. Sommer

Introduction

For more than a century orthosis
technology has been concerned
with the task of helping to control
the loss of stability and the asso-
ciated impairment of knee joint
biomechanics resulting from cap-
sule and ligament injuries.

Currently, a wide range of pro-
ducts is available for the passive
management of damaged or un-
stable ligament structures or for
managing other knee disorders
that affect stability. Furthermore,
the practice of wearing orthoses
during sporting activities for the
preventive protection of ligament
and capsule structures is increa-
singly gaining acceptance in cer-
tain sports (e.g. SITLER, 1990).

In connection with the healthcare
reforms in Germany and the plan-
ned new product group 23 "Or-
thoses" in the List of Technical
Aids (Hilfsmittelverzeichnis) issu-
ed by the Statutory Health Insu-
rance Funds, knee orthoses have
come under criticism, partly on
the basis of controversial findings
of various studies. Efficacy in the-
se studies was generally establis-
hed through in vitro measurements
of the mechanical stabilization po-
tential of the orthoses when sub-
jected to mechanically-induced
external moments, taking into ac-

count differing leg geometries, on
moment-simulating knee simula-
tors (e.g. LUBER et al., 1997). Re-
searchers have also investigated
the proprioceptive and sport-rela-
ted motor effects of orthoses (e.g.
JEROSCH et al., 1994) and the
effect of orthoses on the develop-
ment of anterior-posterior knee
stability during rehabilitation after
anterior cruciate ligament injuries
(e.g. REER et al., 2001).

While these studies have confir-
med the positive efficacy of knee
braces based on various design
principles, no study has systema-
tically investigated how an ortho-
sis behaves in practice, i.e. during
everyday wear. Although it seems
obvious that substantial congru-
ence must exist between the axes
of the orthosis and the knee joint
(axis congruence) in order to avoid
any adverse effects on the knee
and that this criterion is satisfied
even by traditional braces, these
studies have failed to take account

of the fact that the adequately
secure maintenance of this con-
gruence, i.e. the avoidance of axis
migration during movement under
a corresponding load, must be a
crucial factor for the relevance of
this evaluation.

In this study, a rigid frame orthosis
(Bauerfeind SecuTec Genu) and a
knitted orthosis (Bauerfeind SofTec
Genu) were tested on a group of
subjects according to a largely
standardized procedure.

Materials and methods

Two braces with different design
principles (rigid frame vs. knitted
fabric construction) were investi-
gated for their mechanical pro-
perties with respect to axis con-
gruence and axis migration during
use. The study was designed so as
to enable the fit of the orthosis
and any change in the fit to be
measured visually during a defi-
ned load. The combined running
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Figure 1: Examples of axis incongruence
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Figure 2: Distance principle

and walking movements were
recorded simultaneously from five
perspectives using DV camcorders
and then evaluated using 3D-vi-
deo motion analysis software (SI-
MI Motion 6.1). The measuring
accuracy was Tmm. The calcula-
tions were based on points mar-
ked on the orthoses with re-
flecting marker balls (diameter: 12
mm) and defined anthropometric
points on the legs. The distances
between the anthropometric points
and the orthotic points during the
running and walking cycles were
calculated. Cycle-dependent length
differences at the start formed the
basis for the determination of axis
incongruence. Any changes in length
difference during exercise were

used as a measure of axis migra-
tion.

In each case, measurements were
recorded after the orthosis was fit-
ted at the start of the exercise
period and then at the end of the
exercise. Length discrepancies at
the start of exercise were used as
a measure of axis incongruence.
Any change over time during the
course of exercise served as a
measure of orthosis migration.

The investigated group consisted
of 8 healthy male volunteers (age:
median=25.1 years; range 22-30
years) with a broadly similar phy-
sical constitution and build. They
were also healthy from the ortho-
paedic standpoint with normal
lower extremities.

In view of the small number of
volunteers, the data was evaluated
descriptively with medians and
ranges. The results were not sub-
jected to a comparative investiga-
tion with interference statistics.

Results

Axis congruence was evaluated
according to the aforementioned
schedule, taking into account the
distance profile of the recorded
orthosis points in relation to the
reference points on the leg. The
deviations between the orthotic

Figure 3: Trial sequence
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axis and the approximated joint
axis were determined indirectly
from the course of cyclical and
cycle-dependent distance chan-
ges. It was assumed that no dis-
tance changes would be measu-
red in the ideal case of complete
congruence. In view of the small
study sample, all average figures
stated below relate to the median.

For the SecuTec orthosis, the re-
sults for the maximum distance
changes during the walking cycle
(maximum change in the distance
from fixed points) showed median
deviations of 5.5 mm medially
and 5.7 mm laterally between the
calculated orthotic axis and the
joint compromise axis. This de-
gree of medial and lateral incon-
gruence is well below the referen-
ce values stated for other orthoses
on the market.

The corresponding median devia-
tions measured for the SofTec or-
thosis were 9.6 mm medially and
9.5 mm laterally, i.e. within the
range of the cited reference va-
lues, albeit those based on other
rigid frame orthoses.

Slightly higher incongruence figu-
res were calculated during the run-
ning exercise as a result of the
greater acceleration and the iner-
tia forces. The results for the Se-
cuTec for the maximum distance
changes during the running cycle
showed median deviations of 5.8
mm medially and 6.1 mm lateral-
ly between the orthotic and joint
axes. This degree of medial and
lateral incongruence was also well
below the existing reference va-
lues. For the SoftTec, the correspon-
ding median values were 10.0 mm
medially and 10.3 mm laterally
and thus within the range of the
reference values.

The results for the temporal-spati-
al consistency of the positions of
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SecuTec

the axes in space indicate some -
albeit slight - migration (change
from the baseline incongruence):
the values were within the range
of measuring error both for the
knitted SofTec design and the rigid
frame design of the SecuTec, alt-
hough the existing reference va-
lues are also within this range.

The changes in the orthotic axis,
in terms of migration, measured
during running were also slight,
indicating good inhibition of mi-
gration. As expected, the migra-
tion tendency of the SofTec (me-
dian = 2 mm) was slightly lower
than that of the SecuTec (median
= 3 mm) with its rigid frame de-
sign, primarily because of the ge-
neral anti-slip action of the knitted
SofTec design.

Discussion

The results of this investigation
with two differently designed ort-
hoses (rigid frame vs. knitted con-
struction) and other reference ort-
hoses showed axis incongruence
in the millimeter range. Although

SofTec
Brace
Figure 4: Axis congruence during walking (6 km/h)

B |ateral
B medial

Reference

Walking

this incongruence can generally be
minimized through the use of poly-
centric joint designs and designs
based on compromise axes, e.g.
that of NIETERT (1975), complete
congruence does not appear to be
achievable in practice. A more im-
portant factor seems to be the tem-

poral-spatial stability of the posi-
tion of the orthotic axis, which is
characterized by the ability of an
orthosis to counteract slippage
and thus axis migration. In this
context, the assertion by ULRICH
(1994) that migration represents a
kind of self-adjusting effect of a
poorly fitting orthosis is only valid
to a very limited extent. In fact, a
distal migration tends to result in
an increase in what should be con-
sidered as pathogenic moments
on the knee joint, so that the sta-
bilizing effect of the brace could
potentially counter this with the
opposite action. The method pres-
ented in this study, in contrast
with static investigations (e.g. HU-
GEL, 2001), produces values that
take into account axis incongru-
ence during movement and through-
out the movement cycle.

Axis incongruences that can be
rated as slight were measured for
both tested braces. The rigid frame
design of the SecuTec produced
good figures in relation to the
inhibition of pathogenic move-
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Figure 5: Axis congruence during running (12 km/h)
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Figure 6: Axis migration during walking (6 km/h)

ments in the knee joint (Basis,
2002). With a bilateral polycentric
joint design, the orthosis showed
slight axis incongruence and a
very good migration resistance
effect.

The independently positioned si-
debars in the knitted orthosis al-
low the individual compromise axis
of rotation to be adjusted inde-
pendently of each other on the
medial and lateral sides. The re-
sulting orthotic axis shows good
approximation, with a compromi-
se axis of rotation aligned with the
actual knee axis (compromise axis
of the knee: sloping down slightly
in the medial to lateral direction
and, in the sagittal direction, run-
ning from medial-anterior to late-
ral-posterior (ULRICH, 1991). This
bi-lateral independent adjustment
also offers the advantage of better
adaptation to inter-individual axes
positions in space. The positive
results reported by HUGEL (2001)
were confirmed in this series of
investigations. In addition to all
aspects of mechanical stabiliza-

tion, another important factor is
the distribution of forces across
soft tissues, since, apart from the
tibial area, the brace construction
lies flat against the knee and trans-
mits forces as pressure. Accor-
dingly, the flexible textile section,

in contrast with the rigid upper
and lower leg shells, allows al-
most unrestricted muscle flexing
and distributes the load uniformly
over a wide area. REER et al. (2001)
refers to the minimal effect on
performance resulting from this
type of design.

In a comparison of the two ortho-
sis design principles, one has to
offset the better mechanical stabi-
lization (e.g. rotational stability,
varus-valgus stability) and lower
compartment pressure of the rigid
frame brace against the better axis
congruence and greater comfort,
potential for sensorimotor influen-
ce, and patella control of the knit-
ted design.

In conclusion, the findings of this
study would suggest that knee-sta-
bilizing orthoses need to be furt-
her evaluated simply from the
standpoint of maintaining axis
congruence and that hitherto ac-
cepted design features should be
reviewed in with respect to their
competence, limitations and op-
tions for modification.
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Figure 7: Axis migration during running (12 km/h)
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Figure 8: Posterior camera perspective

NIETERT, M. (1975): Untersuchungen
zur Kinematik des menschlichen
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