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Foreword

Pathological conditions affecting the hip and knee joints occupy
a particular place amongst the important orthopaedic entities affect-
ing the extremities. On the one hand they are relatively frequent
and on the other they mean for the patient limitation of his ability
to walk, because of their considerable detrimental effects.

A purposeful basic treatment of these joint diseases (and here
osteoarthritis takes pride of place) is only possible if it stems from
a reliable biomechanical analysis of the normal and pathological
stressing of the joint in question. Whilst the situation in the hip
can be considered to be fundamentally clarified, a comprehensive
representation of the knee is still lacking, particularly when taking
into account the latest knowledge of biomechanics. Recently our
concepts of the kinematics of the knee have been completely
changed, but the clinically important question of articular stressing
remains unanswered.

Dr. Maquet has carried out pioneer work in this field for some
years in adapting, by analogy, to the knee joint principles already
accepted for the hip joint. Since the knee is not a ball and socket
joint, a complicated problem arises for which new thoughts are
necessary. The results of the numerous operations carried out by
Dr. Maquet according to the biomechanical considerations demon-
strate that his thinking is fundamentally correct. Above all, it is
here again proven (as earlier in the case of the hip) that healing
of osteoarthritis depends decisively on reducing and evenly dis-
tributing joint pressure.

In the present book Dr. Maquet proceeds from the earlier static
analyses for his evaluation of the kinetic stressing, by taking advan-
tage mainly of the very accurate research of O. Fischer about human
gait. The result is a survey of the stressing of the knee joint and
until now nothing comparable has existed. Moreover, it is shown
in an impressive way how judicious surgical procedures based on
biomechanics can cause healing even in severe osteoarthritis of the
knee. This happens, above all, without implanting endoprostheses
which are certainly still more questionable for the knee than they
already are for the hip.

May this book be widely disseminated and may much further
discussion of this burning problem be stimulated !

Aachen, Summer 1976 F. PAUWELS
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Preface to the First Edition

Pauwels in 1950, relying on an experience of over 15 years, showed
that the clinical and radiological signs of osteoarthritis of the hip
could be made to disappear by a proper surgical approach which
permitted astonishing regeneration of the diseased joint. His inter-
ventions were based on a profound knowledge of hip mechanics
and biomechanics in general. The aim of these procedures was to
diminish as much as possible the articular pressure to render this
pressure supportable by the diseased tissues. These procedures de-
creased the pressure by reducing the load supported by the hip
and increasing the weight-bearing surface of the joint.

The laws of biomechanics enunciated by Pauwels (1950, 1951,
1958, 1959, 1960, 1964, 1965a, b, 1968, 1973a, b) and applied by
him to the hip, elbow, and shoulder have general application. It
seemed logical, therefore, in osteoarthritis of the knee to apply
these rules which had permitted Pauwels to obtain spectacular re-
sults in patients suffering from osteoarthritis of the hip. This re-
quired a knowledge of the mechanics of the normal knee and of
the arthritic knee which we have not been able to find in the litera-
ture. Certain movements of the knee have already been studied.
However, the influence of the mechanical factors on osteoarthritis
of the knee has never been clearly explained. Orthopaedic surgeons
have empirically corrected varus deformities of the knee by a valgus
osteotomy and valgus ones by a varus osteotomy in either the lower
part of the femur or upper part of the tibia. They have obtained
inconsistent results. From their experience they have concluded that
one has to achieve overcorrection of the femoro-tibial angle in the
coronal plane in varus deformities and reasonably precise correction
for valgus deformities. These recommendations, deduced from em-
pirical experience, are barely sufficient for one who wishes to base
treatment on a sound theoretical foundation and obtain consistently
good results. The essential aim of our labours is to furnish this
theoretical foundation, rationally justifying the choice of one form
of intervention over another, thereby improving the treatment of
osteoarthritis of the knee.

Aywaille, Summer 1976 PauL G.J. MAQUET
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Preface to the Second Edition

Since publication of the first edition further research has improved
our knowledge of the mechanics of the knee, helping us especially
to define more precisely the appropriate approaches to the different
types of osteoarthritis. In this edition more emphasis has been put
on surgical treatment. Tibial osteotomy remains the method of
choice for treating medial osteoarthritis with a varus knee, whereas
femoral osteotomy appears the best way of dealing with lateral
osteoarthritis with a valgus deformity. Planning and surgical proce-
dures are described more completely. The postoperative results are
not only illustrated, but also more thoroughly analysed. These re-
sults support our views on biomechanics and osteoarthritis of the
knee.

Aywaille, Summer 1983 Paul G.J. Maquet
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Chapter I. Aims and Limitations of the Work

Biomechanics encompasses a study of:

1. the mechanical stresses to which living tis-
sues are subjected under physiological and path-
ological conditions;

2. the biological response of the tissues to
these mechanical stresses and to their modifica-
tions;

3. the possibility of surgically changing the
stresses in the living tissues to achieve a thera-
peutic effect.

This monograph will apply the discipline of
biomechanics to the knee.

The forces supported by the normal knee
will be analysed successively in standing sym-
metrically on both feet, in standing on one foot
and during gait. These forces are transmitted
from the femur to the tibia across joint surfaces
the size of which will be measured. They pro-
voke compressive stresses in the joint which will
be defined.

There normally exists a physiological ba-
lance between the mechanical stress and the re-
sistance of the articular tissues. This equilibrium
can be disturbed by several factors: either the
resistance of the articular tissues can be lowered
by metabolic causes with the mechanical stress
remaining normal or the mechanical stress can
become abnormally great due to a mechanical
disturbance while the integrity of the tissue re-
mains normal. Disturbance of the physiological
equilibrium produces reactions in the tissues,
leading to osteoarthritis (Miller, 1929 ; Pauwels,
1973).

If the origin of the imbalance is metabolic
and diminishes the tissue resistance, osteoarthri-
tis will initially affect the whole knee. If it is
mechanical, the osteoarthritis can primarily af-
fect the medial or lateral part of the femoro-
tibial joint. Degeneration can also be localized
to the patello-femoral joint.

The causes of mechanically induced degener-
ation of the knee must be understood. We shall
study what can modify the forces exerted on
the knee and the mechanical consequences of
these changes. The biological phenomena which
lower the resistance of the tissues to mechanical
stress will not be considered as this is more in
the province of metabolic pathology.

After having determined the forces acting
on the normal and abnormal knee, as well as
the articular joint stresses in both the physiolog-
ical and pathological states, we shall discuss
how to influence the latter by surgery in order
to achieve a therapeutic effect. We shall propose
several operative procedures which reduce the
mechanical stress in the knee. Original tech-
niques will be described. The results of this sur-
gery will be presented to illustrate and substan-
tiate the theoretical analysis and biomechanical
principles which are the basis of the treatment.

Methods which replace the whole or parts
of the joint by metallic or plastic implants have
certain indications but do not use the potential
for regeneration possessed by living tissue. By
strict definition they are not a biomechanical
treatment and will not be considered in this pre-
sentation.



