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NevromuscuLar condi-
tions such as cerebral vascular accident,

spinal cord injury, and poliomyelitis can

cause impairment of the functions of
daily living, travel, and occupation. The
degree of such impairment depends on
the severity and distribution of weak-
ness, incoordination, limitation of move-
ment, deformity, and lack of endurance
and general body vitality.
Breathing—Ilike the functions that

have to do with the activities of daily liv-

ing, travel, and occupation—is accom-
plished by contraction of skeletal muscu-
lature and consequently may also be
impaired by neuromuscular diseases. Im-
portant as they are, functions other than
breathing need not be maintained contin-
~uously, but breathing must be continuous
from minute to minute, day and night,
if life is to continue. Furthermore, ade-
quate performance of all the activities of
the body requires a good reserve of
breathing capacity. :
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The patient must have sufficient func-
tional breathing reserve to meet the de-
mands of his heaviest activity. Such a re-
serve is the arithmetic difference between
the functional capacity of breathing and
the demand placed on it. As with the
other bodily activities, functional breath-
ing capacity depends on the strength and
the endurance of the respiratory muscles,
the coordination of breathing movements,
the mobility of the lungs, and structures
of the rib cage and on the general vitality
of the body. In addition to these factors,
breathing is also influenced by the health
of the lung tissue, the condition of the .
circulatory system, and the automaticity
of the respiratory musculature as well as
by the patency of the airway. The de-
mand of the breathing function on the
other hand, is roughly proportional to the
muscular effort of the body and also
varies in accordance with the level of
breathing imposed by the respiratory
center.

In some paralyzed cases, the lack of
breathing reserve is not a problem even
though functional breathing capacity is
much impaired, for the muscular activity
of the extremities and back are so in-
volved that no more than very little
increase in the breathing is ever de-




manded. On the other hand, some pa-
tients have so much remaining function
in the muscles of the trunk and legs that
they could easily walk were it not that
the muscles of breathing are so weakened
that metabolic activity cannot be met.
Most of the problems of respiratory func-
tion lie between these two extremes.

It is the aim of rehabilitation to aid the
patient in recovering all the bodily func-
tions possible so that he will be a useful
individual in society. In the very severely
handicapped case, the aim would be to
make him the least burden to society. In
a patient with respiratory weakness, the
aim would include building up maximal
respiratory reserve function and, if possi-
ble, to free the patient from use of respir-
atory equipment. In such cases, it is
evident, therefore, that careful evalua-
tion of respiratory function is essential
in order to facilitate the over-all rehabili-
tation program.

Evaluation of the patient should make
use of all tools available. The most valu-
able of these include a history of the in-
jury or disease, recognition of the pa-

tient’s personal reaction to his treatment

and rehabilitation programs, observation
of the patient during rest and activity,
and a physical examination. Although
various respiratory measurements may
be of value in the study of the case, they
should not be depended upon exclusive of
clinical judgment, and should be inter-
preted with caution. The patient should
be evaluated during all the situations re-
quired of him by his program of rehabili-
tation. It is necessary to study him at rest
and while active, in a reclining position
and erect. He should be followed from
day to day, and month to month.

Respiratory Measurements

Although the use of instruments of
measurement is not the most important,
it is still valuable and gives a numerical
definition of the patient’s function, and
because of this aids much in following the
progress of the case. Such measurements,

however, may give an entirely erroneous
picture of the patient’s ability. In the eval-
uation of the respiratory muscle function,
measurement is chiefly confined to the
determination of the vital capacity and its
component parts or compartments. I shall
therefore discuss this as an aid in deter-
mining the patient’s breathing reserve
and as an introduction to the main thesis
of this presentation.

When possible, vital capacity measure-
ments should be taken with a suitable re-
cording spirometer, such as a basal me-
tabolism apparatus with low internal air
resistance. By this means alone one may
determine the resting end-expiratory po-
sition and measure the inspiratory capac-
ity, the expiratory reserve volume, as well
as the total vital capacity. Inspiratory ca-
pacity may be considered as a numerical
expression of the integrated action of all
the inspiratory muscles, and the expira-

~ tory reserve volume as a measure of the

muscles of expiration. The tracing can
also be analyzed for regularity, rate, and
rhythm. Estimation of the coordination
of breathing movements is thus aided.
Since a permanent record is made, the
progress of the case can be analyzed and
documented. A
. Normally, vital capacity varies accord-
ing to the body’s size, age, and sex. With
the aid of tables of normal vital capacity,
the patient’s vital capacity can be de-
scribed in terms of percentage of normal.
Helpful as it may be, the vital capacity
by itself may mean little in terms of
breathing ability. This is illustrated in
two cases. The first is that of a patient
who is free of the respirator during the

, daytime and has been able to sleep free of

respiratory aid for several nights on dif-
ferent occasions. His vital capacity is 17
per cent normal. The patient is up in his
wheel chair from four to ten hours daily
and participates in rehabilitation activi-
ties in the gymnasium. In contrast to this,
another patient has a 15 per cent normal
vital capacity, which is essentially the
same. Her tolerance of being free of res-




piratory aid is only about two hours, and
even at the end of that time she sometimes
becomes quite exhausted. She is still con-
fined to her bed.

Obviously it is necessary to recognize
the other criteria already mentioned. This
discussion will be limited to the physical
examination and particularly examina-
tion of the muscle breathing patterns.
The function of the component muscles
that produce breathing should be ana-
lyzed in respect to strength, bodily activ-
ity and posture, relative efliciency and
endurance, and their relative automatic-

Hy.
Muscle Breathing Patterns

Before a correct analysis can be made,
the principles of normal muscular func-
tion and breathing must be well under-
stood. In a normal subject lying supine
and breathing quietly, the rhythmical
movement is apparent. On inspiration,
the chest expands actively. Simul-
taneously the abdomen expands. This is
due to active diaphragm contraction.
There is no neck accessory contraction.
Expiration is a controlled relaxation of
the inspiratory effort. The abdom-
inal muscles are relaxed during both in-

spiration and expiration. At the end of .

expiration there.is a momentary rest,
which corresponds to the resting end-ex-
piratory position on the respiratory trac-
ing.

A common sequela of paralyzing dis-
eases is chest muscle paralysis. This re-
sults in isolated diaphragm movement.
Consequently, on inspiration the abdo-
men expands passively, due to the action
of the diaphragm, as in the normal. The
chest, however, does not expand. On the
contrary, there may be passive retraction
of the chest wall during inspiration,
which may be considered paradoxical, or
reverse breathing. During expiration
there is a corresponding return of the
movements.

Another pattern results from di-
aphragm paralysis. The remaining func-

tional chest expands during each inspira-
tion, but the abdomen retracts passively
as the diaphragm is drawn passively up-
ward into the chest. On expiration, the
action is reversed. A rocking motion re-
sults, as the chest and abdomen alter-
nately expand and retract. Isolated chest
breathing causes another paradoxical or
reverse breathing pattern. The phasing,
however, is just opposite to that of the
isolated diaphragm breathing.

Maximal deep breathing, even in the
normal case, calls for accessory use of the
neck muscles, as an aid in raising the
chest cage by virtue of their attachment
to the upper anterior portion of the chest
cage. In extensive respiratory paralysis,
the muscles of the neck may be the only
ones retaining function. During inspira-
tion, these muscles contract with ob-
viously marked effort. Simultaneously,
the neck extensor muscles and other sup-
porting muscles must also tense, to stabi-
lize the head.

Normally the active inspiration and
passive expiration is followed by the rest-
ing end-respiratory position. However,
more air can be forced out of the lungs
beyond this resting position by forceful
contraction of the abdominal and other
expiratory muscles. The patient is thus
breathing in the respiratory reserve com-
partment. Normally, this type of breath-
ing is not called for, except when exces-
sively deep breathing is necessary. In pa-
ralysis of the chest, diaphragm and neck
muscles, however, breathing may be
maintained for short periods of time by
abdominal muscle contraction. This is ac-
tive expiration, followed by passive in-
spiration. In such a case, the resting end-
inspiratory position becomes the resting
end-expiratory position.

Breathing Patterns and Artificial
Respiration

Many patients with respiratory muscle
weakness need artificial respiration, at
least during the early period of paralysis.
The returning function of breathing




should be carefully considered during
~ this period since an improper approach to
the rehabilitation of respiratory muscle
function may jeopardize maximal efh-
ciency. It is therefore essential that the
muscle breathing patterns should be ex-
amined in relation to artificial respira-
tion.

There are essentially only three basic
principles employed in the use of me-
chanical respiration: positive pressure
breathing, head-to-foot rocking, and
rhythmical abdominal compression.

Positive pressure breathing is the most
commonly employed method and in-
cludes the use of the Drinker type of
respirator, the cuirass respirator and in-
tratracheal positive pressure. Both the
chest and abdomen expand during in-
spiration, and there is a corresponding
descent of the diaphragm. This pattern
of movement is similar to that of normal
quiet breathing, a fact that should be
recognized in the retraining. Incoordina-
tion of the rhythm of the respirator with
that of the patient may occur and should
be avoided if at all possible. This can be
observed as one compares what one would
expect in passive artificial respiration
using positive pressure with the patient’s
breathing rhythm. To furnish rest to the
respiratory muscles is the object of the
use of artificial respiration. In the pres-
ence of incoordination, however, the pa-
tient may actually become exhausted by
the respirator.

Another principle is employed in the
use of the rocking bed. When the foot of
the patient’s bed is tilted downward, the
abdominal contents drop, thus causing the
diaphragm to drop. There is an associated
inspiration. Expiration occurs on rever-
sal of the tilt. In contrast to positive pres-
sure breathing, chest movement is not in
accord with normal breathing, for the
chest tends to retract during inspiration.
The pattern simulates that of a case of
chest paralysis. It has been our experi-
ence when patients use artificial respira-
tion as an aid in respiratory retaining that

positive pressure breathing is superior to
rocking.

The third method of artificial respira-
tion is also dependent upon gravity. This
method has not yet been widely used, but
gives promise of considerable value in re-
habilitation work, since it operates best
with the patient in the erect posture. The
abdomen is covered by an inflatable rub-
ber bag, which is held in place by
a binder. Rhythmical inflation of the bag
causes rhythmical expiration. Upon de-
flation the abdomen descends into posi-
tion, and air is drawn into the lungs. This
method of breathing corresponds to ab-
dominal muscle breathing, and of course
would be undesirable for retraining.

Effect of Gravity on Breathing

Gravity may have a marked influence
on the muscle breathing pattern. So far
we have described the patterns as ob-
served with the body in the supine posi-

‘tion. Analysis of breathing in this posi-

tion is adequate during the early stage of
recovery from paralysis. Rehabilitation,
however, requires the patient to assume
an erect position. When there is weakness
of the respiratory muscles, the breathing
pattern may be greatly altered while sit-
ting or standing. Breathing may thereby
become difficult or much easier.

In normal quiet breathing in the supine
position, there is no abdominal muscle
participation. On standing, however,
there develops postural tone of the ab-
dominal muscles. There may be greater
tone during expiration than during inspi-
ration. Vital capacity, however, remains
approximately the same in both positions.

There is usually a shift in the resting end-

expiratory position, so that the expira-
tory reserve volume becomes greater
than when supine, and the inspiratory ca-
pacity becomes less. ‘

The effect of gravity on vital capacity
and breathing ability in respiratory
weakness is best illustrated by comparing
two representative cases. On the one
hand, let us consider a patient who has



paralysis of all respiratory muscles, ex-
cept those of the abdomen. Her vital ca-
pacity while supine is only 5 per cent
normal. Since breathing is restricted to
breathing in the expiratory reserve com-
partment and the expiratory compart-
ment is normally increased on assuming
the erect posture, this patient breathes
more easily when erect. In fact, her vital
capacity when erect is 15 per cent normal.
In the supine position, breathing toler-
ance is less than one minute; in the erect
position it is many hours.

In contrast, a patient has paralysis of

all respiratory muscles except the dia-
phragm. He has a vital capacity of 15
per cent normal while supine and only
one half that amount while erect. His
breathing tolerance while supine is all
day long and he has slept on occasion all
night without respiratory aid. He tol-
erates sitting, however, for only a few
minutes, unless he receives artificial res-
piration. Here again, the resting end-ex-
piratory position is changed by changing
to the erect posture. He depends on
breathing in the inspiratory capacity com-
partment, which is decreased on assum-
ing the erect position. In this case the
diaphragm works to a disadvantage when

erect; in the other, the abdominal muscles-

work to an advantage

A properly fitting abdominal support
will greatly aid breathing in the erect
position with isolated diaphragm action,
since it helps to keep the muscle in a po-
sition of working length. In the case of
abdominal muscle breathing, however, an
abdominal support will hinder breathing,
since it shortens the working length of
the abdominal muscles.

Efficiency and Automaticity of. the
Different Breathing Patterns

Recognition of the relative efficiency
and automaticity of the different muscles
of breathing is basic to proper manage-
ment of respiratory muscle impairment.
Clinical observation of numerous medical
situations that influence breathing would

lead to the assumption that the dia-
phragm is the most efficient and also the
most automatic muscle of breathing.
Even if the vital capacity is as low as 15
per cent normal, breathing may be done
with ease and may be fully automatic and
adequate during sleep—that is, provided
this low vital capacity is due to dia-
phragm action.

Next efficient for breathing in the
supine position are the muscles that ex-
pand the chest, especially the intercostal
muscles. This appears logical, for normal
quiet breathing includes chest expansion
with diaphragm contraction. The effi-
ciency of isolated chest muscle contrac-
tion is curtailed, however, by the passive
reverse movement of the diaphragm. Dur-
ing the early weeks after an acute dia-
phragm paralysis, breathing is much em-
barrassed. It is doubtful that a patient
with sudden isolated diaphragm paralysis
will survive unless given artificial respira-
tion. Usually, though, after several
months of careful weaning from the respi-
rator, the chest becomes quite efficient.
The reason for this is not clear.

What has just been said about dia-
phragm and chest muscle action cannot
be said about neck accessory muscles.
When a patient uses the neck accessory
muscles for breathlng, one may say that
breathing reserve is deficient. A rough
estimate can be made of a patient’s loss of
breathing by noting just how much activ-
ity is necessary to bring in these mus-
cles. Markedly increased breathing de-
mand, even in the normal person, may
cause neck accessory breathing. Thus an
athlete after an exhausting physical feat
will supplement strongly with the neck
accessory muscles at every breath.

- Isolated neck accessory breathing is
less efficient even than isolated chest
breathing. During the early months of
rehabilitation, neck accessory breathing
can be maintained only for a few minutes.
With a gradual weaning program, how-
ever, this time may be built up to freedom
from respiratory aid except for the sleep-




ing hours, and provided, of course, that
the neck muscles are strong. With isolated
neck accessory breathing, as with isolated
chest breathing, the diaphragm moves
passively upward during each inspira-
tion. This contributes to the inefliciency.

Abdominal muscle breathing is ex-
tremely inefficient in the supine posi-
tion; but as is already discussed, it is
quite efficient in the erect position. In no
| case, however, does it appear to be effec-
| tive during sleep.

In most patients with respiratory mus-
cle weakness, the involvement is scattered
throughout the muscle groups so that usu-
ally the breathing patterns are mixed.
Analysis of the movement pattern and
the determination of efficiency and au-
tomaticity may thus become complicated.

Examination of the Diaphragm

Because of the special importance of
the diaphragm in regard to its efficiency,
its naturally great reserve of strength
and because of its automaticity, one

. should be diligent in its examination.
As before pointed out, the normal pattern
should be well understood for proper
evaluation of the abnormal. Diaphrag-
matic contraction is associated with the
anterior displacement of the abdominal
contents. Thus during inspiration, there
is expansion of the abdomen as well as
of the chest. This movement, however
slight, is evidence of diaphragm function.
During the early weeks of returning re-
spiratory ~function, weak diaphragm
movement is significant both in training
as well as in the determination of prog-
nosis.
More direct evidence of diaphragm
movement is Litten’s, or the diaphrag-
~matic sign. If the patient is observed by
proper oblique illumination, a shadow
is seen moving down and up in the
lower lateral intercostal spaces during
inspiration and expiration respectively.
~ The shadow corresponds to the level of
 contact between chest wall and dia-
phragm. If the patient’s chest wall is well

covered with adipose tissue, this sign is
not visible. When seen, however, it is
proof that the diaphragm contracts quite
strongly on the corresponding side.

The most direct and most satisfactory
method of examining the diaphragm is
by X-ray or fluoroscopy. Movements can
be seen that are not visible on physical
examination. It is possible to determine
asymmetrical movement and even to
demonstrate paralysis of a segment of
one leaf of the diaphragm.

In the presence of chest paralysis, ab-
dominal distention resulting from dia-
phragm contraction is more obvious be-
cause of the contrasting chest retraction.
In the adult, chest retraction is only mod-
erate, even though the diaphragm con-
tracts strongly. In the child, however,
and especially in the infant, chest re-
traction may be marked. There appears
to be a decrease in the transverse sec-
tional area of the chest, which would

impair the efliciency of the diaphragm.

It should be recognized that in infants
and small children, normally the chest
may retract moderately during inspira-
tion.

The diaphragm has a reserve of force
or strength that is remarkable. Dia-
phragm force can roughly be measured
by placing weights on the abdomen. The
greatest weight that the patient can move
easily would be the measure of his force.
A normal subject is able easily to lift
one hundred pounds, whereas a person
with considerable weakness but still able
to breathe easily with the diaphragm
may be able to raise only two or three
pounds.

- A rough but clinically practical evalu-

‘ation of the strength of the diaphragm

can be obtained by manual testing. The
examiner places his hands over the ab-
domen with fingers spread. He asks the
patient to take a deep breath and push
with maximal effort against the hand.
Care should be taken that the patient
does not raise the lumbar spine off the

~bed. The chief pitfall in manual dia-



phragm testing is met in the case that
has good abdominal strength. This is es-
pecially true when the diaphragm is
weak. When manual testing is attempted
in such a case, the patient is likely to
contract the abdominal muscles strongly.
A false impression may thus be given
that the diaphragm is active.

Conclusion

In a patient with weakness of the re-
spiratory muscles, it should be recog-
nized that the breathing is an integral
part of all body functions. Breathing
must be adequate and it must be con-
tinuously maintained. The study of the
patient’s muscle breathing pattern is a
prerequisite for a proper analysis of the
involvement, for determination of reli-
able prognosis, and for direction of ra-
tional treatment and rehabilitation. One

should understand the strength of the
various muscle groups, the breathing
pattern under different conditions, the
effect of fatigue and the effect of gravity.
One should know normal breathing pat-
terns and the natural efficiency as well
as the automaticity of the different re-
spiratory muscles.

Since return of muscle function varies
with the diagnosis, this should be well
established. Careful observation of the
patient must be done at sufficiently fre-
quent intervals and under the conditions
of work and rest. Rehabilitation may be
delayed if the patient develops a habit
breathing pattern that is inefhicient and
exhausting. Furthermore, he may even
be injured by exhaustion and anoxia and
respiratory acidosis if the return of re-
spiratory activity is not carefully di-
rected.
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