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INTRODUCTION RESULTS

A relevantproportion of severelyinjured patients suffer from thoracicinjuries.  + Theextentof segmentmovementvariesbetweenfracture configurations
Unstable bony thoraces (flail ches)) as a result of multiple segmentalrib t Largersegmentadefectswere significantlyassociatedwith:

fracturesare associatedvith particularlyhigh morbidity and mortality [1-3]. To T Lowertidal volume,with alossrangingfrom -8 ml to -108 ml (Figure?)
date, there is no uniform treatment recommendation but early surgical T Highercompensatorywork (Figure4)
stabilisationappearsto shortenthe invasiveventilation time and hospital stay
and reducethe incidenceof pneumonia[4]. Conservativeareatment canyield Air Flow
satisfactoryresultsfor somepatients,avoidingsurgicalcomplicationg5].
OBJECTIVES Thoracic
Movement

T Gainextendedunderstandingof the biomechanic®f flail chestinjuries
T Investigatethe correlation betweenthe sizeof the flail segmentand tidal volume

andthe needfor compensatoryespiratorywork Paradoxical
Segment
MATERIANDMETHODS Movement

T Biomechanicaldigital sibling"from injury CTdata of a representativepatient
T Creationof finite elementanalysigFEADPf the bonythoraxandlung (Figurel)
T Material properties, boundary conditionsand pressuregradientswere estimated
from the literature to generatephysiologicabreathingpatterns
1 FEAfor arangeof segmentalfracture situationsunderinspirationto showclinically
realisticchangedan thoracicwall movementwith typical paradoxicalmnovementof
bonesegmentan the fracture area(Figure3)
T Fracture scenariosmodelled with short (Figure 2, purple) and long segments
(Figure2, red).
T (i) 4th; (ii) 4th and 5™"; (iii) 3rd, 4th, and5th rib
1 Quantitativecomparisornparameters Figure 3.Schematic illustration of the thoracic and paradoxical segment movemen
T Tidalvolumechangeandrequiredmechanicalespiratorywork during inspiration.
T Relativeloss of tidal volume and theoretical compensatoryrespiratory work
relatedto the intact model
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Figure 4. Theoretical compensatory respiratory work for different fracture
configurations or number of segments(Seqg) in comparisionto the unfractured

Figure 1.Meshed finite element model of thorax and lung. referencemodel

S \ DISCUSSION

Intact This study providesa first insight into the biomechanicalbehaviour of the
unstablethorax It showsthat thoracicvolume lossincreaseswith the number
of fracturesandthe sizeof the affectedsegment In addition, the performance
of the thorax decreasesas the area of the affected segment increases,
\ P's -A8% (8 ml) P's -A.6% (20 ml) P's -B.7% 37 my resulting in an increasedworkload for the patient with each breath. This
- Y\ impliesthat the indication for flail cheststabilisation shouldbe basedon both

Lon -

: the defect number and the segment size However, these findings have
limitations. The study was basedon a singlerepresentativepatient, modelled
onlythe inspirationphaseand usedidealisedboundaryconditions
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