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Measurement of chest wall forces on coughing with
the use of human cadavers

To the Editor:

We read with interest the recent article by McGregor and
associates' on biomechanical testing of median sternotomy
closures performed on human cadavers. This work provides
the first measurement in the literature of chest wall forces on
coughing. One needs to know the magnitude of forces across
a sternotomy to test methods of sternotomy closure properly.
The norm in biomechanics is that a closure should be able to
withstand twice the potential maximum stresses.

These first measurements of chest wall forces on coughing
are provided only indirectly. The article says that a force of
220 + 40 N produced a lateral displacement of 1.85 + 0.14
mm (ie, 260 N displaces 1.99 mm). Also, an intrathoracic
pressure of 63 + 21 mm Hg displaced 2.14 + 0.11 mm (ie, 42
mm Hg displaces 2.03 mm). Therefore, indirectly, a cough
generating 42 mm Hg produces a lateral force across a ster-
notomy of 260 N (~26 kg).

This work validates our mathematical model,?> which de-
scribes the force placed across a sternotomy closure. With our
model, where P is the distending pressure, r is the radius, | is
the height of the chest, and T is the force across the ster-
notomy,

T=rlP=0.17m X 0.25m X 5.6 kPa = 238 N ~24 kg

the pressure of 42 mm Hg (~5.6 kPa) results in a predicted dis-
rupting force of 24 kg as compared with the measured value
of 26 kg. However, a normal cough reaches 100 mm Hg, pro-
ducing a force of 56 kg, whereas maximal coughing can gen-
erate a pressure of 300 mm Hg,? producing a force of 168 kg.

We do not share McGregor and associates’ enthusiasm for
human cadavers. The problem in using whole human ster-
nums for biomechanical testing is in the wide biologic varia-
tion (eg, osteoporosis, metastases, age) in the samples and the
difficulty in quantifying this variation. Hence a large number
of samples is required to include bones of different quality.
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Also, multiple re-use of sternums weakens the bone, intro-

ducing further error. Therefore we use sheep sternum as our
biologic model of sternotomy closures.
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Reply to the Editor:

We appreciate the comments of Casha, Yang, and Cooper
regarding our biomechanical analysis of sternotomy closure.
It is interesting and reassuring that our measured results agree
with what is predicted by the formula that they have devel-
oped. Both studies show that physiologic amounts of force
can disrupt traditional sternal closure. We agree that a human
cadaver is not a perfect model, but neither is the sheep ster-
num. The size and shape of the ovine sternum and the
anatomic dimensions of the ovine thoracic cage are quite dif-
ferent from those of the human being. In this regard,
polyurethane foam has been used as a bone analog in ortho-
pedic research and may provide an option for additional stud-
ies in this area.
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