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I~ (57) Abstract: A thoracic stabilizer for limiting anterior chest wall collapse includes a platform supporting a patient and a pair
& of lateral supports contacting opposite sides of the patient’s chest wall and applying force to limit collapse of the chest wall. The
& force applied by the lateral supports is varied depending on the force applied to the platform by the patient. The stabilizer includes a
N reractometer measuring the collapse of the chest wall. According to one embodiment, the stabilizer includes a controller that varies

the force applied to the chest wall in closed-loop fashion based on the chest wall collapse measured by the retractometer using an
algorithm of the controller. According to one embodiment, the stabilizer includes motors moving the lateral supports. According to
another embodiment, the stabilizer includes a hydraulic system and the lateral supports include expandable fluid-filled members.
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THORACIC STABILIZER

Field of the Invention

[0001] The present invention relates to a thoracic stabilizer for limiting anterior chest wall

collapse.

Background of the Invention

[0002] While the etiology of chest wall instability varies across age-range, the need for

stabilization of the anterior chest wall is applicable to both pediatric and adult populations.

[0003] With respect to the pediatric popuﬁlation, marked reduction in the compliance of
the lung relative to the chest wall contributes to pulmonary insufficiency, particularly in the
prematurely born infant. An imbalance of forces across the chest wall caused by greater
recoil of the lungs inward relative to the chest wall outward, results in reduced resting lung
volume. Furthermore, because the rib cage is incompletely ossified and the respiratory
muscles are underdeveloped, the chest wall of the newborn is vulnerable to inward distortion
during inspiration. Respiratory efforts are dissipated on distorting the chest wall rather than.
effectively exchanging tidal volumes. Distortion of the chest wall during inspiration 1s
characterized by varying degrees of anterior-posterior motion at the xyphoid-sternal junction
(anterior retraction), inward motion between or within the intercostals spaces (intercostals
retraction), inward motion below the lower rib cage margin (subcostal retraction), and

asynchronous/paradoxical motion between the chest wall and abdomen.

[0004] Surgical and ventilatory therapies have been used to mitigate anterior retraction of
the chest wall for the pediatric population, in order to increase lung volume and promote
effective 1nspiration. 1In neonates with respiratory distress syndrome, “xiphoid hook”,
continuous negative extrathoracic pressure (CNP) and continuous positive airway pressure
(CPAP) have been shown to reduce anterior chest wall retraction and improve respiratory
indices. However, all of these tools have limitations. The surgical approach 1s problematic
because of tissue fragility. CNP ventilation is challenging because 1t typically réquires

complex ventilation units, tight seals, and has been associated with adverse effects (e.g.,
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gastric and intestinal distention). CPAP delivered by way of nasal cannulae or prongs
(NCPAP), which is the most common means of pressure support in spontaneously breathing
neonate, improves lung volume and oxygenation and reduces chest wall distortion. NCPAP
is not completely benign, however, mostly due to complications such as inconsistency in, and
loss of, distending pressure with an open mouth or poor fitting nasal prongs, nasal trauma as
well as gaseous distention of the abdomen. Positive end-expiratory pressure (PEEP) supports
lung volume and the relatively flaccid chest wall during mechanical ventilation. High PEEP,
however, may impair cardiac ‘output, contribute to ventilation-perfusion mismatch and

ventilator-induced lung injury.

[0005] With respect to the adult population, there are numerous clinical conditions
causing anterior chest wall instability with pulmonary complications, such as neuromuscular
and musculoskeletal disorders. Acute flail chest, for example, is one of the most common
serious traumatic injuries to the thorax with morbidity linked to the acute underlying lung
consequences. Flail chest is traditionally described as a paradoxical movement of a segment
of chest wall caused by fractures of 3 or more ribs broken in 2 or more places, anteriorly and
posteriorly, and unable to contribute to lung expansion. Acute intervention since the late
1950°s includes “firm strapping” of the affected area to prevent the flail-like motion, laying
the patient with the flail segment down to prevent it from moving out paradoxically during
expiration, the use of towel clips placed around rib segments and placed in traction to
stabilize the rib cage, intubation with positive pressure ventilation to stent the ribcage, and
surgical approaches in which both ends of a fractured rib must be stabilized for operative
intervention to be most effective. There is, however, a high level of long-term disability in
patients sustaining flail chest characterized by a 22% disability rate with over 63% having

long-term problems, including persistent chest wall pain, deformuity, and dyspnea on exertion.

Summary of the Invention

[0006] According to one aspect of the invention, a thoracic stabilizer for limiting anterior
chest wall collapse includes a platform and a pair of lateral supports. The plattorm 1s adapted

to support at least a part of a patient such that a force is applied to the platform by the patient.
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The lateral supports are arranged to contact opposite sides of the patient’s chest wall and
apply force to the chest wall to limit collapse of the anterior portion of the chest wall. The
magnitude of the force applied to the chest wall by the lateral supports is varied depending on
the force applied to the platform by the patient.

[0007]  According to one embodiment, the thoracic stabilizer comprises a retractometer
adapted to measure the collapse of the chest wall. The force applied to the chest wall by the
lateral supports depends on the magnitude of the chest wall collapse as well as the force that
is applied to the platform by the patient. According to one embodiment, the thoracic
stabilizer comprises a controller that varies the force applied to the chest wall in closed-loop

fashion based on the collapse of the chest wall measured by the retractometer.

[0008] According to one embodiment, the thoracic stabilizer comprises motors coupled to
the lateral supports for moving the lateral supports with respect to the platform. According to
another embodiment, the thoracic stabilizer comprises a hydraulic system and the lateral
supports include expandable fluid-filled members coupled to the hydraulic system to expand

to apply force to the chest wall.

[0009] According to one aspect of the invention, a thoracic stabilizer cdmprising a
platform, left and right lateral supports, a retractometer, a controller and sensors associated
with the platform and the lateral supports is provided. The platform sensor, the lateral
support sensors, and the retractometer respectively generate signals representing force applied
to the platform by a patient, force applied to the chest wall by the lateral supports and the
magnitude of the chest wall collapse. The controller 1s adapted to receive the signals and set
the force applied to the chest wall by the lateral supports depending on the force applied to
the platform by the patient and the magnitude of the chest wall collapse using an algorithm of

the controller.

Brief Description of the Drawings

(0010]  Figure 1 is a schematic sectional illustration of a chest wall illustrating the

application of forces to the lateral chest wall to limit anterior chest wall retraction according

to the present invention.
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[0011] Figure 2 is an elevation view of a thoracic stabilizer according to a first exemplary

embodiment of the invention.

[0012] Figure 3 is a flow diagram of the operation of the thoracic stabilizer of Figure 2.

[0013] Figure 4 is an elevation view of a thoracic stabilizer according to a second

exemplary embodiment of the invention.

[0014] Figure 5 is an elevation view of a thoracic stabilizer according to a third

exemplary embodiment of the invention.

Description of the Invention

[0015] Referring to the drawings, where like numerals identify like elements, the chest
wall is illustrated schematically in Figure 1 as a generally circular structure having hoop-type
continuity. As described below in greater detail, the present invention provides a device that
supports the patient’s weight (represented by arrow Fw) and applies force (represented by
arrows Fp) to opposite sides of the lateral chest wall. The application of the lateral forces Fy,
to the patient results in application of a vertical force (represented by arrow Fy) to the anterior
chest wall because of hoop continuity about the chest wall. The application of force, Iy, to
the anterior chest wall counteracts retractions of the chest wall (represented by arrow Fg)
during respiration. The present invention provides for stabilization of the thorax with an
orthotic that is portable, self-adapting, simple to use, and inexpensive without requiring

customized fitting or adhesives for maintaining contact with the chest wall.

[0016] There are multiple embodiments of devices each adapted to apply lateral forces to
the chest wall to stabilize an anterior portion of the chest wall. The stabilizing devices may
include mechanical, hydraulic, fluidic or electrical components. Certain components may be
common to all embodiments. For example, lateral supports could includes pads, cushions,
elastic bands, gel, visco-elastic memory foam, water-filled walls, etc. The anterior chest wall
sensor (retractometer) for monitoring the severity of retractions may be mechanical, electrical,

hydraulic, or pneumatic in nature. The retractometer may comprise a soft pad attached to a
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sear shaft/spring-loaded gear assembly. The spring-loaded gear may be adapted to transmit a
mechanical or electrical signal in response to chest wall displacement. For example, as the
chest wall retracts downward, the gear shaft extends downward turning the gear assembly.
Another example of a retractometer comprises a gas-filled tube that is wrapped around the
chest wall with a side port at the xyphoid-sternum junction to measure pressure in the tube.
Alternatively, the retractometer may comprise a nozzle positioned at the xyphoid-sternum
junction. As the chest wall pulls inwardly, pressure in the tube or nozzle drops. Output from

the retractometer may be mechanical, pneumatic, or electrical.

[0017]  As described below, each of the embodiments applies lateral force to the patient’s
chest wall according to an algorithm .based in part on the patient’s weight and in part on the
magnitude of the anterior chest wall retractions as measured by a retractomete'r to reduce t1:16
retractions, preferably to approximateiy zero. Depending on the embodiment, the feedback
signals from the retractometer maf be mechanical, hydraulic, pneumatic or electronic in
nature. The algorithm used by the thoracic stabilizer may determine Fp proportionally,

integratively or differentially based on the feedback signals from the retractometer.

schematically by a circle and a body weight Fy, 1s supported on a platform. The thoracic
stabilizer includes a force transducer 2 located within the platform, a microprocessor (€.g.,
CPU) 3, and a retractometer 4 for measuring the magnitude of retractions of the anterior chest
wall portion of the patient. The stabilizer also includes servo motors 5 that are adapted to
drive lateral supports 6 inwardly with respect to the platform for application of lateral forces
to the chest wall 1. In response to the body weight, Fw, applied by the patient, the force

transducer 2 generates a signal that is transmitted to the microprocessor 3.

[0019] Referring to flow diagram of Figure 3, the thoracic stabilizer of Figure 2 operates
as follows. The microprocessor 3 compares the information from the force transducer 2
representing patient weight and determines a set-point for the lateral force Fy to be applied to
the patient’s chest wall according to an algorithm based in part on the patient’s weight (e.g.,

kFw) and in part on the magnitude of the chest wall retractions measured by the retractometer.
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The output from the microprocessor 3 drives the servo-motors 5 to move the lateral supports
6 inwardly to deliver lateral force F, to the lateral chest wall. The F, applied by the lateral
supports 6 is monitored by a force sensor 7 which transmits a feedback signal back to the
microprocessor 3. In response to the feedback signals from the retractometer 4 and the force
sensors 7, the algorithm of the microprocessor modulates the applied force, Iy, in closed loop
fashion to reduce the chest wall retractions measured by the retractometer 4 to approximately
zero. Preferably, the algorithm used by the microprocessor 3 limits the lateral force (Fy)
applied to each side of the chest wall such that the force applied to the patient does not exceed
the forces that would be applied to the lateral chest wall by body weight were the patient to be
sidelying.

[0020] The embodiment shown in Figure 2 may be referred to as elecirical because
electrical signals are transmitted to servo-motors to drive the lateral supports. Referring to
Figure 4, there is shown a thoracic stabilizer according to another exemplary embodiment of
the invention that is mechanical in nature. In this embodiment, the downward force applied
to a platform 101 of the stabilizer by the subject’s weight (Fy) is transmitted via a vertical
shaft 102 to a gear drive system 103. The gear drive system 103 rotates such that the teeth of
each gear interdigitate to result in an inward movement and applied force (Fp) for each lateral
support 104, of which only one is shown. As shown, the right lateral chest wall support 1s
attached to the gear drive system 103, which pulls the lateral support inwardly with as a
function of Fw (i.e., the applied force is related to the characteristics gear system such as gear

diameter, number of teeth).

[0021] The stabilizer of Figure 4 includes a retractometer 109 to measure the magnitude
of the anterior chest wall retraction. The stabilizer also includes a transmission (e.g., series of
gears) 107 and microprocessor 108 coupled between the gear drive system 103 and the
retractometer 109. The microprocessor 108 uses an algorithm to adjust Ip (proportionally,
integratively, or differentially) in relation to the subject’s weight and the magnitude of the
retractions via transmission 107 and gear drive system 103 in response to signals from the
retractometer 109. The retractometer 109 may include a gear shaft/gear assembly, as
described above. In this embodiment, the feedback signals from the retractometer are

mechanical forces or displacements that are based on the movement of the gear shaft of the
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retractometer as retraction are reduced, preferably to approximately zero. Similar to the
above-described electrical embodiment, the mechanical stabilizer 1s preferably adapted to
limit the Fy that can be applied to Fy (i.e., that force which would be applied to the lateral
chest wall by the subject’s weight were the subject sidelying).

[0022] Referring to Figure 5, there i1s shown a thoracic stabilizer according to another
exemplary embodiment that is hydraulic in nature. In this embodiment, the downward force
of the subject’s weight (Fyw) is transmitted via a piston 202 that is embedded within a
platform. This piston compresses a fluid-filled cylinder 203 which delivers said fluid via
channels 204 into elastic walled, expandable/collapsible like-fluid filled lateral supports 2035.
The lateral supports are attached to sliding side walls 206 which are preferably preset 1o
contact the subject’s chest wall with the lateral supports in the collapsed position. The
hydraulic piston-fluid filled cylinder 1s configured such that the amount of fluid that 1S
displaced exerts a lateral force to the chest wall. The amount of lateral force F, is determined
in part by a retractometer 207 (e.g., chest motion sensor) which measures the magnitude of
anterior chest wall retraction, and in part by the subject’s weight Fy. Fluid sensors (208, 209)
respectively located within the fluid-filled cylinder 203 and lateral supports 205 are adapted
to transducer pressure within these components. The fluid sensors may transduce signals that
are electronic, pneumatic or fluidic in nature. A mICroprocessor 210 uses an algorithm to
determine (proportionally, integratively, or differentially) the applied Fy, based on feedback
signals from the retractometer 207 and the fluid sensors 208, 209. According to one
embodiment, the feedback is used to displace fluid within the system to modulate the lateral
force in proportion to the subject’s weight and the magnitude of the anterior chest wall
retractions such that F,=(A,/A;)Fw and that the lateral force applied to each side cannot

exceed Fy thereby limiting the net force to the lateral chest wall to that experience when side-

lying.

[0023] The foregoing describes the invention in terms of embodiments foreseen by the
inventor for which an enabling description was available, notwithstanding that insubstantial
modifications of the invention, not presently foreseen, may nonetheless represent equivalents

thereto.
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Claims

What is claimed 1is:

1. A thoracic stabilizer for limiting anterior chest wall collapse comprising:

a platform adapted to support at least a part of a patient such that a force is
applied to the platform by the patient; and

a pair of lateral éupports arranged to contact opposite sides of the patient’s
chest wall to apply force to the chest wall for limiting collapse of an anterior portion of the
chest wall, the force applied to the chest wall by the lateral supports being varied depending
on the force applied to the platform by the patient.

7 The thoracic stabilizer according to claim 1, further comprising a

retractometer adapted to measure collapse of the anterior portion of the chest wall of the

patient.

3. The thoracic stabilizer according to claim 2, wherein the magnitude of the
force applied to the chest wall by the lateral supports depends on the magnitude of the chest

wall collapse measured by the retractometer.

4. The thoracic stabilizer according to claim 3, further comprising a controller

for controlling the magnitude of the force applied to the chest wall by the lateral supports.

5 The thoracic stabilizer according to claim 4, wherein the controller varies
the force applied to chest wall by the lateral supports in closed loop fashion based on the

collapse of the chest wall measured by the retractometer.

6. The thoracic stabilizer according to claim 1 further comprising motors

coupled to the lateral supports for moving the lateral supports with respect to the platform.
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7. The thoracic stabilizer according to claim 4 further comprising a force
transducer coupled to the platform, the force transducer adapted to transmit a signal to the
controller representing the force applied to the platform by the patient, the controller adapted
to set the force applied by the lateral supports based on the signal from the force transducer

and the chest wall collapse measured by the retractometer.

8. The thoracic stabilizer according to claim 7, wherein the controller includes
a microprocessor and wherein the force applied to the chest wall by the lateral supports is set

by the controller according to an algorithm of the microprocessor.

0. The thoracic stabilizer according to claim 4 further comprising force
sensors coupled to the lateral supports for transmitting a signal to the controller representing

the force applied to the chest wall by the lateral supports.

10. The thoracic stabilizer according to claim 6 further comprising

transmissions coupled between the motors and the lateral supports.

11. The thoracic stabilizer according to claim 1 further comprising a hydraulic
system, the lateral supports including expandable fluid-filled members coupled to the
hydraulic system and adapted to expand for applying force to the chest wall.

12. The thoracic stabilizer according to ciaim 11, wherein the hydraulic
system includes a piston and a fluid-filled cylinder coupled between the platform and the
lateral supports, the piston adapted to compress the fluid-filled cylinder in response to the

force applied to the platform by the patient for expanding the expandable members of the
lateral supports.

13. A thoracic stabilizer for limiting collapse of the anterior portion of a
patient’s chest wall, the thoracic stabilizer comprising:

a platform adapted to support at least a part of a patient such that a force 1s
applied to the platform by the patient;
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a sensor associated with the platform and adapted to generate a signal
representing the force applied to the platform by the patient;
left and right lateral supports arranged for contact with left and right sides of

the patient’s chest wall to apply force to the chest wall for limiting collapse of an anterior

portion of the chest wall;

sensors associated with the left and right lateral supports and adapted to
generate signals representing the forces applied to the chest wall by the lateral supports;

a retractometer adapted to measure collapse of the anterior portion of the chest
- wall of the patient, the retractometer generating a signal representing the collapse of the chest
wall; and

a controller for controlling the force applied to the chest wall by the lateral
supports, the controller operably connected to the lateral support' sensors, the platform sensor
and the retractometer for receiving the respective signals,

the controller adapted to set the force applied to the chest wall by the lateral
- supports depending upon the force applied to the platform by the patient and the magnitude of

the chest wall collapse using an algorithm of the controller.

14. The thoracic stabilizer according to claim 13, wherein the controller is
adapted to vary the force that is applied to the chest wall by the lateral supports in closed-loop
fashion based on changes in the magnitude of the chest wall collapse measured by the

retractometer to substantially eliminate the chest wall collapse.

15. The thoracic stabilizer according to claim 13 further comprising motors

operably coupled to the lateral supports for moving the lateral supports with respect to the
platform.

16. The thoracic stabilizer according to claim 13 further comprising a
hydraulic system, the lateral supports including expandable fluid-filled members coupled to

the hydraulic system and adapted to expand for applying force to the chest wall.
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17. A method of treating anterior chest wall collapse of a patient comprising
the steps of:

providing a thoracic stabilizer including a platform for supporting at least a
portion of a patient such that the patient applies a force to the platform, the platform including
a force transducer for generating a signal representing the force applied to the platform by the
patient, the thoracic stabilizer including a pair of lateral supports adapted to contact opposite
lateral sides of the chest wall of the patient and apply force to the chest wall;

providing a retractometer adapted to measure collapse of an anterior portion of
the chest wall of the patient;

providing a controller adapted to control the lateral supports for setting the
force applied to the chest wall by the lateral supports, the controller including an algorithm
for determining force to apply to the chest wall using the lateral supports based on the force
applied to the platform by the patient and the magnitude of the chest wall collapse;

positioning a patient such that a portion of the patient is supported by the

platform;

measuring the magnitude of the collapse of the chest wall of the patient using

the retractometer:;

measuring the magnitude of the force applied to the platform by the patient

using the force transducer;

setting the tforce applied to the chest wall by the lateral supports using the
algorithm of the controller;

measuring a reduced collapse of the chest wall using the retractometer;

adjusting the force applied to the chest wall based on the reduced collapse
using the algorithm of the controller; and

repeating the steps of measuring a reduced collapse and adjusting the force

applied to the chest wall in a closed-loop manner to substantially eliminate collapse of the

chest wall.
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