The measurement and impact of lower limb torsion on the subchondral bone mineral density of the proximal tibia and the foot progression angle of adults

Abstract
Torsions in the tibia and femur have interested anatomists, clinicians, and medical investigators for over 100 years.  Difficulties with in vivo measurements have complicated their study; therefore, much remains unknown regarding torsion’s role in the pathogenesis of dysfunction and disease.  The foot progression angle of children is directly related to femoral torsion; however, adult studies have found no such link.  Because bone and other soft tissues remodel to meet the demands of their environment, adult progression angles are suspected to result from the summation of several factors including torsions of the tibia and femur.  This argument is evidenced by studies that have found children who in-toe from excessive femoral antetorsion frequently correct the foot progression angle by developing excessive lateral torsion of the tibia or by soft tissue restrictions around the hip rather than by correcting the femoral deformity.  Therefore, adult limbs with normal foot progression could have two abnormal torsions that offset one another or an abnormal torsion that is masked by soft tissue adaptation or a combination of these conditions.  It is important to study torsional deformities because they have been linked with several arthroses of the knee including osteoarthritis; and although a pathomechanical etiology is suspected, the joint loading behavior associated with torsion has not been studied.  Elevated bone mineral density is an indication of greater load bearing, and in the healthy knee is suspected to be a precursor to osteoarthritis.  We suspect that subchondral bone mineral density of the proximal tibia will be related to limb torsion and to the torsional and compressive loads about the knee.  

This dissertation will be a compilation of three experiments with the broad goals of developing a practical means of measuring torsion in vivo, and using the technique in studies that seek to identify the determinants of the adult foot progression angle and how these factors are related to the bone density of the proximal tibia.  The first experiment has been completed; during which the torsion of 118 dried tibiae and femora were compared using ultrasound and an anatomical method.  Our techniques were found to be accurate and reliable, and therefore, were used to develop clinical techniques that will be utilized in subsequent investigations.  The second and third experiments will be clinical trials that study data collected on 25 subjects (50 limbs).  The second experiment will use a series of t-tests to investigate the independent and combined effects that tibial and femoral torsions, hip rotation and metatarsal alignment have in determining the foot progression angle in adults.  The third experiment will utilize a regression analysis to determine the relative importance of tibial and femoral torsions, transverse and frontal plane knee moments, knee varus, and foot progression angle in predicting the subchondral bone density distribution of the proximal tibia.   

Children who in-toe generally go without treatment because, in most cases the foot progression angle “normalizes” and the only viable treatment currently available to correct the underlying torsions is surgery.  If the foot progression angle of adults can be determined from an aggregate of several factors that may include compensatory abnormal torsions in the tibia and femur, and abnormal torsion can be linked to elevated bone density in the knee, greater attention towards developing simpler treatments for children will be warranted.  

