Biomechanical Study of C2 (Axis) Fracture: Effect of Restraint
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Abstract

Introduction: Inhuman, thecervical spineregionisvery susceptibletoimpactinjury. Thecomplex structuresof Cland C2 servetotransmit
theweight of thecraniumtothegreatly similar structural cervical spinefrom C3caudally. Application of sudden disruption forceswill detach
thejunction of the cervico-craniumwith the parsinterarticularis of the neural arch of C2fromthelower cervical spineby fracturing, asin
a“hangman’sfracture’. Severefallsor blowsto the head from heavy objectswill cause the fracture of the odontoid process of C2. Many
biomechanical studieswereconducted based on full restraint of theinferior aspectsof isolated C2to produceodontoid fracture. I n thisstudy,
twodifferentrestraining conditionsof C2wereadopted experimentallyto determinetheabsol utefractureload andthecorrespondingfracture
patternsthat arecommon to C2. Materialsand Methods: Nine C2 vertebrae obtained from cadaver spines, ranging from 51 to 80 years, were
used. Two specified restraint conditionswereemployed: (1) fully constrain the posterior el ement postero-anteriorly up to one-quarter of the
inferior facet; and (2) fixing of C2 by a specially-designed rig whereby the body of C2 embedded in the pivoted cup and itsinferior facets
positioned on top of two lateral plates. Antero-posterior shear force was applied on the anterior articulating facet of the dens until failure.
Results: These specified restraint conditionshad resulted in specific fracture of C2. Antero-posterior shear forcerangesfrom 840to 1220 N
wasrequiredto causefractureacrosstheparsinterarticularisunder restraint condition 1. Failureload of between 900 and 1500 N wasfound
to cause odontoid fractureunder restraint condition 2. Thesevaluesarein agreement with published data. Conclusions: Thebiomechanical
responseof C2wasspecifictothemodeof restraint conditionsof C2. | n reality, depending on theforcevector appliedtothehead, preciseposture
atthetimeof trauma, spinal geometry, and physical properties, different typesof C2fracturepatternsmay happen. Thesefindingsareof potentials
for thebiomechanical correlation andvalidation study of C2 vertebrausinganalytical approaches, andin thesurgical anterior screwfixation
of odontoid fracture.
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