Amplification of Achilles Tendon Displacement by a Pivot-like Restriction Amplifies Final Displacement of Calcaneous and
Rotation of Anklewith Possible Impact on Measured Strain.
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Introduction: A previous paper suggested that the curvature of the Achilles tendon, even under load, indicated that a retinaculum-like
mechanism must exist to restrict posterior migration of the Achilles tendon as the ankle rotates [1]. It was further suggested that such a
mechanism would modify the mechanics around the ankle such that the S/I displacement of the calcaneus would exceed the
displacement of the tendon above the ankle, possibly introducing an error in measures of Achilles tendon strain. We have tested this
prediction by comparing the displacement of the aponeuroses above the ankle and the movement of the calcaneus and predictions of
the extent of influence of these mechanisms at the ankle based upon MRI-derived anatomical measures.
Materials and Methods: Gated Spin Tag fast gradient echo sequences were used for imaging on a 1.5T GE MR scanner with
TE/TR/FA of 4.3ms/11ms/200, 30cm FOV (256*160 matrix) with 0.6 phase FOV, 8 views/segment, 56 images/contraction cycle. The
foot movement was regulated in terms of amplitude and speed, at a cycle rate of 30° sT, by a computer-controlled hydraulic piston-
cylinder device, described in Ref. [2]. The force exerted by the subject and the target force desired were projected on to the magnet
face for feedback purpose and also stored digitally. Each phase encoding level was triggered at two preset values of foot position, one
at maximum plantarflexion and second at maximum dorsiflexion. A total of ~70 contractions at 40% Maximum Voluntary contractions
(MVC) were required for the entire image. Five subjects were scanned in the lower half of the lower leg (with IRB approval). Analysis of
the tag line displacements was performed with a LabView-based in-house algorithm. The intersection points of each tag line with the
posterior aponeurosis of the soleus was measured as the ankle was oscillated over a range of ~ 30° to follow the displacement of the
aponeurosis. Several points on the calcaneus were digitized in multiple frames as the ankle rotated. These were used to calculate the
ankle center of rotation by a least squares solution to a series of simultaneous equations defining a set of concentric circles.
Results and Discussions: The calculated lever arm length from the ankle center of rotation to the calcaneo-tendinous junction was
53.1 +/- 3.8 (SD, range 50.4 -58.6) mm. The actual moment arm was always less than this value due to the anatomical relationship
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Fig.2-A: Starting at maximum dorsiflexion
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