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Mechanical Action of the Intercostal Muscles on the Ribs

Abstract. The external and internal interosseous intercostal muscles were sepa-
rately stimulated at end-expiratory lung volume in anesthetized dogs. These muscles
were all found to elevate the ribs into which they insert. By attaching weights to the
ribs, it was determined that the nonlinear compliance of the ribs was responsible for

this phenomenon.

The action of the intercostal muscles
has been a subject of controversy
throughout medical history (/). Up to the
middle of this century, varying and op-
posite points of view found strong sup-
porters (2). At present, the most widely
held view is that associated with Ham-
berger (3), whose theory, inferred from
the anatomical relations of the muscles
(points of origin and insertions), is that
the external intercostals and the inter-
chondral portion of the internal intercos-
tals (the parasternals) elevate the ribs to
which they are attached and, according-
ly, are inspiratory, while the interos-
seous portion of the internal intercostals
lowers the ribs and, therefore, is expira-
tory.

Electrical recordings from the inter-
costal muscles in normal humans
showed a phasic behavior of these mus-
cles which was in accord with Ham-
berger’s theory (4). Electromyographic
observations, however, cannot be inter-
preted correctly as long as the mechani-
cal action of the muscles remains un-
known. Motions are frequently complex,
requiring contraction not only of ago-
nists but also of synergists, fixators, and
even antagonists. Electrical activity of a
muscle associated with a particular mo-
tion does not prove that the muscle is the
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agonist. The observation that one inter-
costal muscle contracts during inspira-
tion and that this contraction is associat-
ed with an enlargement of the rib cage,
therefore, does not prove that the muscle
is inspiratory in function (that is, causes
flow of air into the lungs), nor does it
prove that the action of the muscle is to
raise the lower rib into which it is insert-
ed; the ribs could be displaced by other
muscles and the electrical activity ob-
served in the intercostals might be fixat-
ing or antagonistic (2). With the excep-
tion of the parasternals, which were re-
cently shown to be inspiratory (5), there
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Fig. 1. Effect of stimulating separately the
external and the internal interosseous inter-
costal muscle in one intercostal space on the
axial displacements of the ribs situated imme-
diately above (upper trace) and below (lower
trace). In the two channels, upward deflec-
tions indicate a cephalad displacement, and
downward deflections the reverse. In this
record, the stimulation frequency was 100 Hz.

is no direct experimental evidence that
establishes the mechanical action of the
intercostal muscles. In this report we
show that at end-expiratory lung vol-
ume, both the external and the interos-
seous internal intercostals elevate the
ribs into which they insert. We also show
that this phenomenon results from the
nonlinear compliance of the ribs.

Experiments were performed on su-
pine dogs anesthetized with sodium pen-
tobarbital (25 mg/kg), intubated, and
maintained under deep general anesthe-
sia with supplementary doses. The rib
cage and the intercostal muscles were
exposed from the second to the tenth rib
by deflection of the skin and the consec-
utive layers of muscles. Hooks were
screwed into two adjacent ribs on the
anterior or midaxillary line and connect-
ed by inextensible threads to linear dis-
placement transducers positioned along
the longitudinal body axis of the animal
in order to measure the axial displace-
ments of the ribs (5). A pair of stimulat-
ing electrodes spaced 2 cm apart was
then inserted superficially in the fibers of
the external intercostal muscle connect-
ing the two ribs. The stimulus (20 to 100
Hz, 0.2 msec) was adjusted from 5 to 10
V for maximum effect without activation
of the other intercostal muscles of the
same interspace (6). After the external
intercostal was studied, the muscle was
removed and the internal interosseous
intercostal was exposed and stimulated.
All measurements were obtained at end-
expiratory lung volume during apnea in-
duced by hyperventilation. Studies were
made on 28 intercostal spaces in 12 ani-
mals.

Representative records are shown in
Fig. 1. Electrical stimulation of the ex-
ternal intercostal resulted in a cephalad
displacement of the rib situated below
and a caudad displacement of the rib
situated above the muscle. The cephalad
displacement of the lower rib was, how-
ever, twice as large as the caudad dis-
placement of the rib above. For the ribs
to which it is attached, therefore, the net
effect of contraction of the external inter-
costal muscle was inspiratory. Stimula-
tion of the interosseous portion of the
internal intercostal also resulted in a
cephalad displacement of the lower rib
and a caudad displacement of the rib
above. Here also, the cephalad displace-
ment of the lower rib was about twice as
large as the caudad displacement of the
upper rib. The net action of the internal
interosseous intercostal muscle, there-
fore, was also inspiratory for the ribs
into which it inserts. Almost identical
records were obtained for all the inter-
spaces investigated. There was no differ-
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ence between the intercostal spaces situ-
ated in the upper and lower parts of the
rib cage.

Stimulating the intercostal muscles in
the dorsal part of the rib cage, 4 to 5 cm
lateral to the spine, rather than in the
midaxillary line did not affect the results;
whatever intercostal muscle was stimu-
lated, the cephalad motion of the rib
below was larger than the caudad motion
of the rib above. Finally, stimulating the
external or internal intercostal muscles
simultaneously in three adjacent inter-
spaces resulted in a cephalad displace-
ment of the two ribs situated in between.
The rib’s displacements were then asso-
ciated with increases in lung volume and
falls in pleural pressure.

These data show that in the dog, the
external and internal intercostal muscles
have a similar effect on the ribs. At end-
expiratory lung volume the net effect of
their contraction is to elevate the ribs to
which they are attached. The results thus
disagree with Hamberger’s hypothesis
(3). They support the observation by
Duchenne (7) of a man in whom stimula-
tion of the external intercostal with or
without the internal intercostal in one
interspace always elevated the lower
above the upper rib, and they indicate
that neither the orientation of the inter-
costal muscle fibers nor the distance
between their insertions and the center
of rotation of the ribs plays a predomi-
nant role in determining the mechanical
action of the muscles. We reasoned that
instead, the primary determinant of the
action of the intercostal muscles was the
inherent tendency of the ribs to be more
easily displaced cephalad than caudad.

To test this hypothesis, we measured
the stress-strain relation of the ribs (with
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their anatomical attachments) along the
cephalocaudal axis of the rib cage. While
the animal was apneic, weights (100 to
500 g) were applied to one rib succes-
sively in the cephalad direction and then
in the caudad direction. The resulting
axial displacement of the rib was mea-
sured with a linear displacement trans-
ducer. Ranging between the third and the
eighth rib, 12 ribs from three animals
were studied. Figure 2A shows repre-
sentative results. For any given weight,
the rib was displaced about twice as
much in the cephalad direction as in the
caudad direction. As shown in Fig. 2B,
this was true for all 12 ribs investigated,
regardless of the fact that in each animal
the cephalad and caudad rib compliance
(8) progressively increased from the up-
per to the lower rib cage.

These findings are consistent in all
respects with our hypothesis. They show
that, at end-expiratory lung volume, the
ribs are nonlinearly compliant and that,
in response to a given load, they move
cephalad more easily than caudad. This
is consistent with the fact that in this
volume range the rib cage is below its
neutral position (9) and also with the
anatomy of the ribs, which, given their
configuration and their vertebral and
sternal articulations, appear to have less
constraint on their motion in the lower
than in the upper part of the rib cage (/0).
As a result, if one rib is submitted to the
same muscle tension simultaneously in
both directions, no matter which inter-
costal muscles are active, it will be ele-
vated.

The relevance of these data to the
actual function of the intercostal muscles
during breathing is still not known. How-
ever, our results may lead to a new
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Fig. 2. Identification of the mechanism responsible for the inspiratory action of the external and
internal intercostal muscles. Weights were applied to one rib successively in the cephalad and
the caudad direction. The resulting axial displacement of the rib was measured by a displace-
ment transducer. (A) Representative results. (B) Results obtained in the 12 ribs investigated;

the dashed line is the identity line (8).
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insight into that question. With the me-
chanical action of the intercostal muscles
on the ribs established, it should be
possible to interpret the electrical obser-
vations more reliably. In particular, the
electrical activity observed during quiet
expiration in the interosseous portion of
the lowermost internal intercostals (4)
may be regarded as an antagonistic activ-
ity which tends to prevent collapse of the
lower rib cage, rather than as an agonis-
tic activity which deflates the rib cage
n.
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