Thoraco-pulmonary mechanical perturbations accompanying thoracic loading

L. Hingley,! J.N. Caldwell,> N.A.S. Taylor! and G.E. Peoples, 1Centre of Human and Applied Physiology,
School of Mediicine, University of Wollongong, NSW 2500, Australia and 2Department of Physiology, Monash
University, VIC 3800, Australia.

Mechanical perturbations to either the lung tissue or the chest wall gandiaterious effects upon
thoraco-pulmonary mechanics, thereby modifying tleekwof breathing and possibly leading to respiratory-
muscle &tigue. Thoracic loading, which is the most common form of ambulatory load carriage, isaonses
whereby an increase in theepall physiological strain is accompanied by modified, and sometimes impeded
ventilation. Havever, the combined effects of the restrgiand inertial forces accompanying thoracic loading
on the elastic properties of the entire respiratory systera ha previously beenweluated. Therefore, we
assessed the impact of thoracic loads on the static compliance of the lung tgﬁ?);etl‘(etchest wall (g;(w
and the total respiratory systemsé@, by varying both the size and distribution of loads around the chest wall.

Eleven males (age: 27.27 [SD 4.78]height: 182.12 [SD 6.74] m; mass: 79.55 [SD 8.42] kg) participated
in four treatments on the same day: a control trial (clothing only), one load treatment with a 50: 50 mass
distribution (anterior:posterior; 35 kg) and awoads with a 25: 75 mass distribution (35 and 54 kg). An
oesophageal catheter and balloon (10 crap \wositioned behind the right atrium for the duration of the
experiment, and used to estimate intrapleural pressunree&ch condition, seated subjects performed static
respiratory pressureslume relaxation manoeuvres from residual volume to total lung capacity
Transpulmonarytransthoracic and transrespiratory static pressure-volume data were collected fitingy
permitted thepost hoc attainment of tissue compliance for the lung tissue, chafitamd total respiratory
system wer resting tidal volumes (end-expiratory to end-inspiratory lung volumes).

Increasing thoracic loading significantly reduced lung-tissue, chaband total respiratory compliance
(Table; P<0.09. Varying the load distribution did not significantly influence either lung-tissue or cladist-w
compliance BP>0.05. Nonetheless, load distribution did significantly alter the compliance of the total
respiratory system, whereby the 25: 75 distribution (35 kg) significantly decreased compliance compared to the
50: 50 distribution of the same mag%(.05.

It was postulated that thoracic loading, which increases both the metabolic and ventilatory requirements
of external work, wuld also modify the elastic properties of the respiratory system. The currentatiosesrv
demonstrate that the tissue compliance of the total respiratory systerirstly reduced in a mass-dependant
manney and further modified by distriding a greater proportion of avgh mass onto the back. Such
mechanical perturbations to the respiratory system are likelyvateltne elastic work of breathing, potentially
predisposing to respiratory-muscli§ue, under conditions in which thoracic load carriage elicits significant
increases in ventilation.

Variable Control 50: 50 25: 75 25: 75
loading loading loading
(35kg) (35kg) (54 ko)
Cyy (LKPa) N =9 4.91+0.68 4.48+0.38 3.82t0.26 3.04t0.3T
Co (LKPE) N =7 4.50+0.49 3.72+0.69 3.14+0.30 2.81+0.46
Cys (L-KPEY) =11 2.64+0.26 1.92+0.10 1.65+0.101  1.40+0.09t%

Values are means with standard errors of the megnssignificant differencesP<0.05 are indicated by the
symbols (*versus control, Tversus 50, 50 loading [35 kg], fversus 25, 75 loading [35 kg]).
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