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Viewpoint

Beautifully engineered joints

At the Johns Hopkins Hospital my chief in the
department of applied physiology would not let
me lunch with immunologists, deeming them too
unscientific for a young rheumatologist to risk
contamination. My stock rose high on coining the
aphorism that had it not been for the fortunate
antecedent discovery of the spirochaete some
immunologists would still be seeking the cause of
syphilis by investigating the Wassermann reaction.
Tt was natural, therefore, that I should turn my
attention to the more precise science of the
biomechanics of joints. Moreover, the territory
was virgin and the language foreign. Elasto-
hydronamic lubrication was as confusing for the
clinician as hypertrophic pulmonary osteoarthro-
pathy was to the engineer.
The biomechanical study of joints is likely to

benefit both disciplines. It is well to remember that
the bat had radar and the bolus spider a means of
lassoing its prey long before men used these tech-
niques. Synovial joints have a coefficient of friction
better than ice sliding on itself. These remarkable
bearings are lubricated at different phases of action
by all types of lubrication known to engineers
(squeeze film, elastohydronamic, boundary, and
hydrodynamic), supplemented by an elegant boosted
mechanism in which fluid is entrapped in the
undulations of cartilage and enriched by escape of
the watery dialysate. This provides at the moment the
joints need it most a more viscous lubricant. The
porous nature of the cartilage allows fluid to exude
under pressure (weeping lubrication). There is still
debate about whether this fluid appears in front of
the loaded area or between the surfaces. Engineers
are now experimenting with porous impregnated
materials for machine bearings.
Apart from understanding the physiology of

normal joints (scarcely mentioned in textbooks of
physiology, whose authors, like most general
physicians, devote much time to 4 main systems
of the body and ignore the largest, the locomotor),
unravelling the biomechanics is likely to give insight
into the causes of osteoarthrosis. When a bearing
seizes up it is a mechanical problem. The Arthritis
and Rheumatism Council has prematurely omitted
from its booklet for patients with osteoarthrosis the

cartoon showing a disgruntled doctor alongside his
defunct car with a garage mechanic explaining that
it is 'wear and tear'. What portion of damage in
degenerate joints is abrasive, adhesive, or fatigue
wear is unclear, but wear it certainly is. Moreover,
stiffness is a diagnostic criterion in some diseases.
Understanding its nature may throw light on
aetiology. Again, investigating the creep behaviour
of certain rubbers and polymers has unravelled
their structure. A rheological analysis of tissues
and organs of the locomotor system may yield
similar information.

* * *

In management, identifying the biomechanical
factors which produce joint damage may indicate
steps in prevention. Experiments in our laboratory
have exploded the foolish notion that menisci are
vestigial structures and shown their importance in
load bearing. This has influenced surgery. A bucket
handle tear is best treated by partial meniscectomy
with diminished risk of premature osteoarthrosis.
More knowledge is needed about forces encountered
in activities involved with chairs (with and without
arms), crutches, walking sticks, and static bicycles.
In the spine Nachemson's work on intradiscal
pressure has defined the activities of daily living and
the physiotherapy which produces high, potentially
damaging pressures. The pragmatic approach, still
largely present among orthopaedic surgeons, pro-
duced the Judet acrylic hip prostheses, nearly all of
which had to be removed. Biomechanical testing
would have shown the unsatisfactory nature of the
design, as would theoretical analysis. Teflon, one
of the first materials used in the now hugely suc-
cessful metal-on-plastic joints, was used because it
was not appreciated that a material could have a
very low coefficient of friction and yet wear badly.

Objective changes due to the natural course of the
disease or to therapy, whether medical or surgical,
may be measured by biomechanical devices. The
assessment of joint stiffness is an obvious example.
Analysis of gait, of pedal pressure, of muscle power,
and of joint movement are other illustrations.

Understanding normal physiology, and unravel-
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ling the causes, achieving prevention, and managing
many arthritic disorders require a rigorous bio-
mechanical approach. Man is not entirely a series
of immunoglobulins, but possesses more than 300

Correspondence
Pulmonary involvement in SLE
Sir,
Grennan et al.1 recently reported in 22 patients with
systemic lupus erythematosus (5 with respiratory symp-
toms), a restrictive ventilatory defect or reduction in
diffusing capacity for CO.

Their paper is interesting but we should like to make
a few comments: (a) Only 3 tests of lung function were
employed: VC, FEVi%/FVC, and transfer factor. (b)
Most patients were receiving corticosteroids at the time
of assessment. (c) Transfer factor was considered to be
reduced if it was less than 80% of the mean predicted.
One patient (case 12) with a reduced diffusing capacity
of 78% had a transfer factor of 7.1 mmol/min/KPa
under the predicted normal level (7-410.8 mmol/min/
KPa) and 2 patients (cases 9 and 10) with a similar mean
predicted reduction of diffusing capacity (79 %) had
normal transfer factor values. In this sense patients 6 and
8 Nvere considered affected, although their transfer factor
levels fit into predicted normal values. (d) Statistical
methodology should have been described in order to
show that there were no significant differences between
patients with and without reduced transfer factor with
regard to mean DNA binding capacity, mean C3 and C4
levels, or a positive test for rheumatoid factor.
At the XlVth International Congress on Internal

Medicine (Rome, October 1978) we communicated a
study of pulmonary function in 22 lupus patients without
respiratory symptoms compared to 30 normal persons.
Our analysis included assessment of static and dynamic
lung volumes, lung mechanics, and CO diffusing capacity
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beautifully engineered joints. When they go wrong
the engineer, in collaboration with the clinician,
may well be able to lend a helping hand.

V. WRIGHT

(see Table 1). The most important alterations found in
our patients were: (1) A restrictive pattern with hyper-
distention expressed by decreased VC and increased RV
with regard to controls (P<0.01). (2) Loss of elastic
component expressed by decreased compliance (P<0.01).
(3) A block in the alveolar gaseous transference capacity
with highly significant alterations in CO diffusion
(P<0.01), and in C02 and O arterio-alveolar gradients
pressures (P<0.01). (4) No correlation between pul-
monary dysfunction with either activity or duration of
the disease.2
These conclusions are in keeping with those recorded

by Olsen and Lever,3 Edmonds et al.,4 and recently
Grennan et al.'
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Table 1 Pulmonary function data in normal controls and in systemic lupus erythematosus patients
Controls Patients P
Mean ± SD Mean ± SD

Vital capacity (VC) ml 3458 691 2795 864 <0-01
Mean predicted VC (%) 100 0 79 18 <0-01
FEV*s/VC x 100 75 4 77 10 NS
Residual volume (RV) ml 1096 252 1602 753 <0°01
Total lung capacity (TLC) ml 4556 865 4398 962 NS
RV/TLC x 100 24 4 39 18 <0.01
Compliance (ml/cm H2O) 0-18 0.12 0-08 0-17 <0.01
Airways resistance (raw) (cm H20/I/s) 1-50 0-30 3.10 0.50 <0.01
Critical flow (1/s/l)t 2.70 0.40 3 0 0.90 <0.05
Peak flow (/s) 6.0 3.0 5.9 2.1 NS
Specific conductance (SGaw) (cm H20/l/s/l) 0-245 0 115 0.161 0 146 NS
Functional alveolar ventilation (ml/min) 3886 366 5777 2807 <0.01
PaO2 (mmHg) 82 10 77 10 NS
PaCO2 (mmHg) 40 5 36 2 <0-01
Alveolar-arterial gradient pressure for
02 (A-a) DO2 (mmHg) 10 5 20 6 <0.01
Arterio-alveolar gradient pressure for
C02 (a-A) DCO2 (mmHg) 3 1.5 12 4.5 <0-01
CO diffusion (D-CO) (ml/min/mmHg) 18-7 1.6 13.7 4.6 <0-01
D-CO/functional alveolar ventilation ratio
(ml/min/mmHg/l) 4-8 0.3 2.6 0-9 <0-01

*FEV1= Forced expiratory volume in the first second.
tCritical flow=forced maximal flow (FMF) 25 %-75%.
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