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Summary

Abnormality of tone and movement causes individuals to lie in destructive postures for long
periods at night and these habitual lying positions often become recognisable as the pattern
of distortion of body shape as the person grows older. The immobile chest is a particularly
vulnerable structure, which distorts readily and predictably in response to internal pressures
and asymmetric postures, compromising the basic physical well being of the individual. The
characteristics and severity of distortion can be seen to relate to the state of equilibrium and
length of an imaginary line called the sterno-spinal line. This article describes a theory of
equilibrium and distortion of the immobile chest. It will consider factors, which predispose the
chest to distortion, equilibrium of postures, consequences of unstable equilibrium, corrective
strategies, assessment of the individual’'s consent to strategies and training implications.

Introduction

Abnormality of tone and movement causes individuals to lie in destructive postures for long
periods at night and these habitual lying positions often become recognisable as the pattern
of distortion of body shape as the person grows olider. (Fulford and Brown 1976, Morris 1999)
The immobile chest is a particularly vulnerable structure, which distorts readily and
predictably in response to it's state of equilibrium activating the direction of the downward pull
of gravity combined with negative intrapleural pressure. (The “combined force” Figure 1) The
magnitude of this combined force is well respected by experienced clinicians, (Saito 1998,
Olafsson 1999) the early signs of it's power to distort can be identified readily in immobile
babies and children, (Turrill 1992 Hallsworth 1995) may affect motor impaired people of any
age and threatens the basic physical well being of the individual. (lllustration 1) While it is
acknowledged that multi-factorial distorting forces are acting on and within the chest in all
positions, the characteristics and severity of distortion can be seen to relate to the state of
equilibrium and length of an imaginary line called the sterno-spinal line ( SSL ) in various
habitual lying postures. Careful analysis of equilibrium and length of the SSL will enable the
clinician to make a prognosis of chest shape and to apply rotational forces to redirect the
combined force to become a balancing force. Measurement of these indicators are described
in procedures 4 and 5 of the Goldsmith Indices of Body Symmetry (Goldsmith and Goldsmith,
2001) Meticulous correction of unstable equilibrium in lying, training of families and provision
of equipment has become part of the skill base required by clinicians providing a 24 hour
postural care service. ( Goldsmith, S. 2000 ) This article describes a theory of equilibrium and
distortion of the immobile chest. It will consider factors, which predispose the chest to
distortion, look at equilibrium of postures, consequences of unstable equilibrium, corrective
strategies and training implications.

Key to lllustrations

SSL orientation is described in the transverse plane, looking from feet to head.
Equilibrium will be described in “supine”, “prone” and “side lying” although it is
acknowledged that individuals will often lie in positions, which are between these
categories of posture.

» Distortions of body shape are taken as “maobile” if correctable, “fixed” if restricted by
soft tissue and “structural” if formed by abnormal bone shape. (Scrutton 1978)
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lllustration 1 : Stages of distortion of the immobile chest

Stage One: “The miner’s canary”

» Habitual asymmetric arm and
leg posture

> SSL tilts away from the vertical
and the sternum moves slightly
to the right.

¥ Unstable equilibrium of the
chest with a dominant
anticlockwise moment of force.

> [Early sign of the distortion
wave, palpated as a slight
prominence over 8" and 7
ribs, the clinician's
“miner's canary”

» Regaining equilibrium
imperative with application of a
parallel, clockwise moment of
force (lllustration 4)

Stage Two

Fixed asymmetric arm and leg posture

SSL falling towards horizontal, drawing
sternum to right and spine to left

Unstable equilibrium of chest with dominant
anticlockwise moment of force

Fixed chest asymmetry with rib hump over
left posterior and right anterior segments
Movements of respiration compromised
Compression and airway closure of
dependent regions of lung

Regaining equilibrium requires considerable
clockwise moment, dramatic change of
habitual posture, triggering need for consent
procedures linked to physiological monitoring
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Stage Three

Structural changes with obligatory asymmetric
arm and leg posture

SSL near horizontal, having drawn sternum to
right and spine to left

Anticlockwise moment diminishing as distortion
causes stability of the structure to be regained
Normal movement of respiration impossible
Fibrosis of dependent regions of lung with
airway obstruction causing increased negative
intrapleural pressure in functioning segments
Sterno-costal joints and cartilage buckie in
response to the forces acting on them.

» |Impossibility of effectively repositioning subject

YV VYV ¥ ¥

Y




The theory of equilibrium and distortion of the immobile chest

The sterno-spinal line is an imaginary line, which runs between the sternum and spine. When
the sterno-spinal line is either vertical or horizontal in the habitual lying posture the sum of
clockwise moments in the chest equals the sum of anticlockwise moments, the chest is in
stable equilibrium and gravity will compress the chest symmetrically. If the sterno-spinal line is
not vertical, the moments of force within the chest become unequal, the chest is in unstable
equilibrium and the direction of the dominating moment will be that following the direction of
the sterno-spinal line as it falls fowards the horizontal. The combined force resulting from this
moment, the downward pull of gravity and negative intrapleural pressure will disfort chest
shape in a predictable manner.

Distortion of the chest : predisposing factors

The immobile chest is an osseo-cartilaginous cage which is particularly vulnerable to the
combined force of gravity and infrapleural pressure because it is made of the elastic arch of
the rib cage with weak points of different resistance formed by the broader, maore pliable area
of the sterno-costal joints and costal cartilages and the narrower band of mobility at the costo-
vertebral joints. A cross sectional view of different portions of the ribs indicates that they offer
different amounts of resistance within their length, more circular and rigid towards the
posterior end and more oval and pliable in the anterior portion. The chest distorts
asymmetrically in most positions, as it conforms to the supporting surface, this asymmetric
distortion is caused by responses of the hinge like action of spine and sternum within the
elliptical circumference of varying resistance.

The combined forces acting on the (supine) anterior chest wall are the resultant vectors of the
downward force of gravity acting on chest wall mass and the inward forces arising from the
negative intrapleural pressure. (West et al 1990) Downward forces on the chest wall arising
from the collapse of the lungs are of the same order of magnitude as the gravitational forces,
and are additive. A hypothetical case is illustrated in Figure 1 with approximate values
appropriate to an aduli, a total downward force of 7.8kg. The effect of these additional faciors
on equilibrium and moments of force in the chest wall are complicated, but they are
quantitative rather than qualitative. Properties of the lungs also simplify the manner in which
the chest distorts in response to external and internal forces. Deformation of the chest does
not give rise to changes of internal pressures that would result if the volume had to be
preserved. This means that the equilibrium shape of the chest is determined almost entirely
by the mechanical properties of the wall, not by changes in internally generated pressures.

Figure 1 : “Combined force” acting on the anterior chest wall in supine

i Combined force, for example 7.8 kg for an adult

s0, gravitational force ¢on anterior wall = 25x25x5x1.5 = 4.7kg
+

Anterior surface say approx 25cm square = 625cm2
=625x 5= 3.1kg

Total combined force 4.7 + 3.1 =7.8 kg

B Downward force of gravity + B intrapleural pressure

Weight of anterior wall, a slab, say 25x25x 5cm thick - sp gravity of tissue 1.5

Intrapleural pressure = - 5 cm H20 5gm¢ force / cm2




Equilibrium of postures

Equilibrium of the immobile chest in supine

Viewed in transverse section in supine, the chest consists of two halves distributed around a
central core, indicated by the SSL, with the sternum superiorly and the spine inferiorly. This
line will run through the centre of gravity. As the structure of the symmetrical chest is elliptical
an equal moment of force is exerted at each lateral border. When the SSL is vertical the sum
of anticlockwise moments in one side of the chest equal the sum of clockwise moments in the
contra-lateral side. In this circumstance the SSL remains in stable equilibrium, offering a
central anchor for the structure. Symmetrical abduction of the limbs and a level pelvis,
indicated by a line drawn ASIS to ASIS, being at right angles to the SSL will further stabilise
this structure. (Figure 2)

Figure 2 : Equilibrium in supine
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In the symmetrical immobile chest without lateral support the pull of gravity will compress the
rib cage increasing the width and shortening the SSL so that the chest, although flattened will
become more stable. In this circumstance compression of the chest will cause its own
complications but the chest will become more resistant to rotational distortion. (Figure 3)

Figure 3 : Stability of the flattened chest

Habitual supine lying posture

Shortened SSL and depressed
l l sternum due to combined
= force of gravity and negative
intrapleural pressure

17 Width of the chest increases
so that it becomes more
- S resistant to rotational forces




When a habitual posture develops in which the chest is tilted to one side the orientation of the
SSL is displaced so that the centre of gravity is raised and the central core is arranged
abliquely, with the sternum and spine being displaced to opposite sides. In this circumstance
the sum of the moments in each side of the chest becomes unequal and the chest is subject
to an asymmetric distorting force. Any alteration in arm or leg posture away from symmetrical
abduction will affect the orientation of the SSL. With rotational distortion of chest shape the
SSL lengthens and ceases to offer a central anchor to stabilise structure of the rib cage.
(Figure 4)

Figure 4 : Unstable equilibrium in supine

Unstable equilibrium caused by
movement of the arm across the
chest sets up a clockwise moment
of force in the chest

SSL lengthening
and falling
towards the
horizontal in
response to
dominance of
clockwise
moments of
force combined
with gravity to
distort chest
shape

Original asymmetric posture Consequent structural distortion

As illustrated in the consequent structural distortion section of Figure 4, the clockwise
moments of force following the sternum are greater than the anticlockwise moments that
counteract that force, and in time, the chest begins to adapt to the state of unstable
equilibrium with a “wave” shaped distortion. The sternum will move towards the front of the
wave and the spine will be drawn towards the back. The wave of distortion can be palpated
first across the area of the 6" and 7th ribs, as these are the least rigid part of the rib cage, as
a prominence on the side to which the sternum is displaced. This gives the clinician an early
warning of the direction of distortion and can be used to identify the postures in which the
individual spends the most time. This early warning is useful and the phrase “the 6™ and 7"
ribs are your miner's canary” has been found to capture imagination, promote understanding
and motivate when training families. At this stage gentle rotational forces will stabilise
equilibrium of the SSL (lllustration1, stage1 and lllustration 4) Once the inequality of moments
is established the combined force will quickly distort chest shape so that repositioning
becomes difficult and then impossible, (lllustration1, stages 2 and 3) unless counterbalancing
rotational forces are introduced. In many individuals there is reported to be a period, usually
during the adolescent growth spurt in which the structure appears to reach a point of critical
instability and the condition deteriorates dramatically over a relatively short period of time.
The combined distorting force can be of sufficient magnitude that the sterno-costal joints and
cartilage can be seen to buckle and the sternum either depresses(Figure-3j-orisforced
upwards. (lllustration1 stage 3)


































