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INTRODUCTION 
 
Ornithopod dinosaurs are characterized, in part, by ossified 
tendons that lie along the whole vertebral column save the 
neck (Sereno 1999). These tendons run in parallel rows in 
primitive Ornithopods, but form a trellis architecture in 
Hadrosaurifomes, a group of derived Ornithopods that 
includes the duckbill dinosaurs. This investigation attempts 
to quantitatively test two long standing functional claims of 
epaxial ossified tendons in Ornithopods. The first, called the 
femoral loading hypothesis, suggests that the epaxial 
ossified tendons stiffened the tail against the caudofemoral 
muscles during locomotion (Dollo 1886). The second, called 
the postural hogging hypothesis, suggests that epaxial 
ossified tendons stiffened the vertebral column against 
buckling due to large body size (Ostrom 1964).  
 
METHODS 
 
Computer finite element models were constructed using 
Visual Analysis 4.0 (IES 2000) for primitive (Tenontosaurus 
tilletti) and derived (Brachylophosaurus canadensi) 
Ornithopods, as well as an Alligator mississippiensis to 
empirically test the method. Each dinosaur model contained 
three variants, one with no epaxial tendons (save the 
interspinal ligament), one with the tendons in situ, and one 
in which the appropriate tendons where ossified through 
material properties. Material properties and ultimate stresses 
were taken from the literature using other archosaurs when 
possible. The models were loaded at the estimated center of 
mass in the dorsal and cadual regions. 
 
RESULTS AND DISCUSSION 
 
The primitive Tenontosaurus model structurally failed in the 
interspinous ligament between the last sacral and first caudal 
neural spines at 0.12 kN. The addition of the tendons 
allowed the model to bear 433% larger loads. Ossification 
affected the model little, primarily because of the position of 
the parallel rows of tendons close to the neural arch and their 
small cross sectional area (0.13 cm2). This suggests that 
tendon ossification, so wide spread in Ornithischian 
dinosaurs was physiological in nature rather than 
biomechanical. 
 

The derived Brachylophosaurus model structurally failed in 
the interspinous ligament between the last dorsal and first 
sacral neural spines at 1.32 kN. The addition of the tendons 
allowed the model to bear 463% larger loads, similar to the 
primitive model. However, ossification greatly affected the 
derived model, increasing the maximum load by 1564% (to 
20.65 kN). This affect was produced by three key structural 
evolutionary changes in the basic archosaur trellis: ventral 
extension of the trellis to the neural arch, an additional layer 
of tendons, and the development of the trellis to the posterior 
end of the tail. 
 
SUMMARY 
 
The femoral loading hypothesis can be rejected because in 
both the Tenontosaurus and Brachylophosaurus models the 
tail was stiffened mostly by the inclusion of the epaxial 
tendons (59% and 77% respectively), and only marginally 
through ossification (6% and 16% respectively). The 
postural hogging hypothesis was supported in the 
Brachylophosaurus model because the trellis stiffened the 
dorsal and caudal regions more or less equally. It was further 
supported by the large increase in maximum loading 
produced when the tendon-tellis was ossified. This suggests 
that the ossified tendon-trellis may have been 
biomechanically relevant to the evolution of large body size 
in Hadrosauriforme dinosaurs. 
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Table 1: Ultimate loads determined from maximum stresses in model variants with no tendons (NT), tendons (T), and ossified 
tendons (OT). Tension is in the interspinous ligaments and bending is in the first and last sacral neural spines. 

 Tenontosaurus Model Brachylophosaurus Model 

 Dorsal loads (kN) Caudal loads (kN) Dorsal loads (kN) Caudal loads (kN) 

 NT T OT NT T OT NT T OT NT T OT 

Tension 0.32 1.32 1.44 0.12 0.52 0.60 1.32 6.11 20.65 1.68 7.10 24.70 

Bending 1.16 2.94 2.63 0.50 0.90 1.00 4.43 8.47 16.47 4.11 14.88 44.32 

 


