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• Figure1 
Typical movement during 
quiet breathing 

Take a deep breath. In and out. In and out. What moves? Really pay attention. In and out. 
In and out. You should feel movement in multiple places and different planes of motion.

Did you feel your abdomen move? What about your ribs? Superior chest wall? 
My guess is that you felt at least one area and maybe all three! 

There are variances in “normal” breathing patterns, with some being more efficient than 
others. In normal inhalation, the diaphragm contracts inferiorly toward the pelvic floor, 
causing a slight rise of the upper abdomen. Next, the lower chest expands laterally. 
Lastly, upper chest will rise slightly in the anterior/superior direction (Figure 1).

What if these areas couldn’t move because they were restricted? 
How would you feel? Would it change your endurance levels? 
What about your ability to stand, walk or talk? 

Children with neuromuscular deficits frequently present with postural control and gait deficits. As orthotists, we are familiar 
with evaluating for and fitting lower extremity orthoses. But many of these patients also present with poor trunk control and/
or scoliosis. The effectiveness of lower extremity orthoses can be affected by a patient’s breathing and trunk posture. 
To maximize the effectiveness of our interventions, we must understand the connections between postural control, 
breathing and gait and how we can facilitate better function and coordination of all three. 

As you discovered, breathing happens in all 3 planes of motion and is a dynamic component of postural stability.
Breathing, postural control and trunk pressure are necessary for optimal motor function and participation. 
When compromised, the diaphragm will support respiration before supporting postural control.

How are they related?
Postural control starts to develop in infancy. Typically developing children play on the floor 
to gain experience “pushing” against gravity in a variety of positions. The ability to push is 
achieved by creating intra-abdominal and intra-thoracic pressure (IAP & ITP) and is vital to 
chest wall and postural control development.  The development of breathing and the chest 
wall does not happen due to only the passage of time, but with the inputs, variability and 
practice of movement.

Breathing 
always wins over 
postural control

• Figure 2. The development of the chest wall and breathing are related to the inputs, variability and practice of movement



Infants have a triangular shaped trunk and are innate belly 
breathers – with little to no rib cage movement. Between 4 and 
6 months of age, IAP increases and the diaphragm attains its 
position in the transverse plane. Around 6 months of age, costal 
breathing is fully established. The chest should change shape 
from triangular to rectangular and lumbar lordosis should be 
present. Non-coincidentally, this is also when infants are working 
in prone on the floor, rolling and pushing into various positions. 
As the child continues to progress in upright gross motor skills, 
the ribs shift to a slightly downward sloping position and the 
chest wall elongates.

Patients with neuromuscular deficits often lack practice and 
variability as well as the ability to push and will pull themselves 
into positions due to a lack of IAP & ITP. Immature development 
of the diaphragm and respiration limit development of the 
chest wall and restrict pulmonary function, GI function, speech 
and postural control. These can have great impacts on overall 
function, gait and caregiver dependence. 

How can we help?
Orthotic interventions, both lower extremity and trunk, can 
play a role in improving postural control and breathing! A TLSO 
should be considered when a child presents with reduced lumbar 
lordosis, poor head control, poor trunk control, increased pulling 
into positions and developmental delay. But we must be sure our 
patients can move and breathe in them.

Studies have shown that TLSOs impact gait and pulmonary 
function in typical adults. Patients with neuromuscular deficits 
can benefit from TLSOs; however, it is important to monitor 
pulmonary function. Postural control must be mid-range for 
maximum efficiency. Dynamic balance between stability and 
mobility of the trunk is required for optimal postural control and 
breathing.

Traditionally, TLSOs are fabricated with a thick, rigid plastic 
without breathing modifications. Oftentimes, orthotists aim to 

improve alignment without evaluating or considering respiratory 
function. TLSOs with abdominal cutouts, when compared to 
TLSOs without abdominal cutouts, have been shown to improve 
pulmonary function at rest and post-exercise in typical adults. 

Flexible TLSOs that support the trunk and allow mid-range 
movement with breathing modifications that mimic typical 
breathing patterns should be considered for patients with 
compromised pulmonary function. These modifications include 
abdominal cutouts with binders, lateral rib gill modifications and 
anterior chest gill modifications (Figure 3).

TLSOs can 
positively affect 
trunk position, 
postural control and 
spinal development. 
Clinicians should 
not evaluate gait, 
postural control 
and alignment 
without evaluating 
breathing and chest 
wall development. 
To maximize 
functional results 
of TLSOs, clinicians 
should work 
closely with the 
patient’s care team and 
include breathing 
modifications to 
improve trunk 
strength and 
postural control. 
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• Figure 3. 
Three available breathing modifications: 
Abdominal cutout; Lateral rib gill;  
Anterior/Superior Chest gill

Lateral Gill 
Modification

Anterior 
Chest Gill

Abdominal 
Cutout 
(with binder)


