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INTRODUCTION 
 
The symposium, co-organized by the ASB and the 
Society for Integrative & Comparative Biology 
(SICB), aims to foster dialogue between the 
societies and to stimulate interchange between 
human-centered and comparative biomechanics 
fields. The theme of the symposium is the use of the 
‘comparative’ approach to uncover biomechanical 
principles.  The symposium will span both 
terrestrial and aquatic biomechanics.  Exchange of 
technical approaches between fields will also be 
discussed.   Finally, the symposium will showcase 
examples where the application to humans may not 
be immediately obvious, but that inspire unexpected 
scientific advances! 
 
Symposium schedule: 
  
Introduction – Jonas Rubenson & Elizabeth (Beth) 

Brainerd – 10 mins 
 
Avian Model of Exotendons – Suzanne Cox – 15 

mins 
 
Mouth Expansion in Catfish Using XROMM – 

Aaron Olsen – 15 mins 
 
Biomechanics of Strange Fishes (that don’t swim) – 

Brooke Flammang - 15 mins 
 
Comparative Terrestrial Locomotion: Insights into 

Human Biomechanics and Biorobotics– Andrew 
Biewener – 15 mins 

 
Speaker Q & A panel – 20 mins 

 
ROBOBIRD: AN AVIAN MODEL FOR 
PASSIVE-ELASTIC EXOTENDONS – Suzanne 
Cox, Gregory Sawicki & Jonas Rubenson 
 
Limb orthoses, including exoskeletons, are 
externally worn braces or devices used to improve 
locomotor deficits, aid rehabilitation or augment 
human locomotor performance1. While robotic and 
passive exoskeletons have been shown to improve 
locomotor performance1, the limitations of human 
experimentation have left many important questions 
unanswered.  More specifically, how does 
exoskeleton design influence muscular-tendon 
function2, and, in turn, locomotor performance?  
 

 

 
Here we present pilot data on a limb orthosis for a 
bipedal avian model (Numida meleagris; Fig 1A-C) 
that replicates the functionality of current human 
passive ankle-foot orthoses. In our design, the 
spring path spans the ankle and metatarsophalangeal 
(MTP) joints, mirroring the path of several digital 
flexors and supplementing elastic energy storage 
during stance phase (Fig 1B).  Flexion of the 
phalanges acts as a natural clutch, disengaging the 
device during the swing phase. Using intact limb 
specimens, unaided joint moments at the MTP and 
ankle (without the exotendon) were subtracted from 
aided moments to quantify contribution of the 
exotendon across the span of limb configurations 

Figure 1: A) Experimental setup B) Exotendon design C) Jig for 
exotendon moment quantification 
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(Fig. 1C). On combining these data with kinematic 
analyses of a bird running on a treadmill (n=1; Fig 
1A) with and without the exotendon, we observed a 
5-10% exo-tendon contribution to the moment at 
the MTP joint during stance phase (Fig 2).  These 
initial experiments show promise for in vivo applications 
to study neuro-mechanical responses to exotendon 
augmentation and rehabilitation. 
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UNCOVERING MECHANISMS OF MOUTH 
EXPANSION IN CATFISH USING X-RAY 
RECONSTRUCTION OF MOVING 
MORPHOLOGY – Aaron Olsen & Elizabeth 
Brainerd 
 
The heads of ray-finned fishes contain over 20 
mobile skeletal elements, interconnected by a 
morphologically and functionally varied set of 
articulations that allow a high degree of mobility. 
The interconnections among these skeletal elements 
form a series of coupled mechanisms that can 
transform input forces at a few elements into rapid 
expansion of the entire buccal cavity. However, 
how these mechanisms move and function in three 
dimensions and how their motion relates to their 
constituent joints remains unknown. To answer 
these questions we collected three-dimensional in 
vivo kinematics of seven interconnected cranial 
bones in channel catfish (Ictalurus punctatus) 

during suction feeding using X-ray Reconstruction 
of Moving Morphology (XROMM). We then fit 
single-joint and multibody models of varying 
degrees of freedom (DoFs) to the in vivo 
kinematics. As expected, higher DoF models 
consistently have lower model errors, making it 
difficult to distinguish between models that have 
lower error because they better represent the true 
motion constraints and models that have lower error 
because they overfit errors. To resolve this, we 
compare the errors of models fit to the in vivo 
kinematics to the errors of models fit to simulated 
kinematics. We show how simulated kinematics can 
be used to establish null expectations for in vivo 
model fitting errors to distinguish between better-
fitting and overfitted models. These results 
contribute to our basic understanding of how 
articular morphology relates to skeletal motion and 
demonstrate a model fitting approach applicable to 
a wide range of musculoskeletal systems. 
 

 
 
Funded by NSF 1612230 and 1655756. 
 
BIOMECHANICS OF STRANGE FISHES 
THAT DON’T SWIM – Brooke Flammang 
 
There is tremendous morphological and ecological 
diversity among the approximately 33,000 known 
species of fishes; this is particularly apparent when 
looking at their fins. While fishes do use their fins 
for swimming, fin exaptations for walking or 
adhering are not uncommon. For example, the blind 
cave loach, Cryptotora thamicola, walks with a 
salamander-like diagonal-couplet lateral sequence 
gait. This is accomplished in part by its tetrapod-
like pelvis, which unique to other fishes, has an 
ilium. As a result, Cryptotora can support its body 

Figure 2: Exotendon moment contribution and its influence on 
lower limb kinematics 
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on land for walking and climbing. The functional 
morphology and biomechanics of this fish may 
provide insight into the fin-to-limb transition and 
the origin of tetrapods. Second, remoras are fishes 
that have evolved a unique adaptive ability: an 
adhesive disc formed from dorsal fin elements that 
allows them to attach reversibly to 
actively deforming wetted bodies of varying 
roughness and compliance that move at high speed. 
The adhesive disc is a hierarchical structure, in 
which the lamellae, spinules, fleshy outer lip, and 
cranial vessels all contribute to the generation of 
suction and friction for initial attachment and long-
term hold. Continued research on the mechanisms 
and the material properties of these structures is 
leading towards a bioinspired adhesive device that 
will be useful in medicine, ecology, and defense. 
 

 
 
 
BIOMECHANICS OF MAMMALIAN AND 
AVIAN TERRESTRIAL LOCOMOTION: 
INSIGHTS INTO HUMAN BIOMECHANICS 
AND BIOROBOTIC DESIGN – Andrew 
Biewener 
  
Comparative studies of mammalian and avian 
locomotion provide important insight into the 
neuromuscular mechanics of movement. The in vivo 
function (fiber strain, force and neural activation) of 
limb muscles in relation to joint mechanics, 
recorded across a range of locomotor behaviors, 
reveals how force and work are modulated in 
relation to neural activation across movement tasks. 
Studies of avian bipeds and mammalian quadrupeds 
suggest the existence of a proximo-distal gradient in 
muscle function and control. Whereas proximal 
muscles function to modulate limb work through 

feedforward control, distal muscles utilize intrinsic 
F-L and F-V muscle properties reinforced by 
reflexive feedback to respond to perturbations for 
stability during running. Distal muscle-tendon units 
emphasize economy of muscle force generation and 
tendon elastic energy recovery, rather than work 
modulation. Postural changes in limb function 
dramatically affect musculoskeletal loading 
patterns, and musculoskeletal features of limb 
function can be implemented in biorobotic design 
for legged locomotion. Finally, in vivo assessment 
of muscle function also provides an opportunity to 
validate Hill-type muscle model predictions, which 
are frequently used to model and evaluate human 
movement in normal and pathological conditions. 
By evaluating the predictive accuracy of Hill-type 
muscle models, features of the model can be 
adjusted to improve performance. Improvement in 
the accuracy of time-varying force produced by 
muscle models can, in turn, improve their 
application to studies of human muscle function 
related to movement performance, rehabilitation 
and aging. 
 
This work has been supported by NIH AR055648, 
and DARPA BIOD_0010_2003 grants. 
  
THE SOCIETY FOR INTEGRATIVE & 
COMPARATIVE BIOLOGY 
 
The Society for Integrative & Comparative Biology 
(SICB) fosters research, education, public 
awareness and understanding of living organisms 
from molecules and cells to ecology and evolution. 
SICB encourages interdisciplinary cooperative 
research that integrates across scales, and new 
models and methodologies to enhance research and 
education.  SICB has a strong tradition in 
biomechanics and vertebrate morphology. Discover 
more about SICB and its vibrant community by 
attending their annual meeting- the upcoming 2018 
meeting is in San Francisco, January 3-7.  More 
information about SICB can be found at their 
website: http://www.sicb.org/index.php3 .   

The ASB would like to thank SICB and its Officers 
for supporting this symposium.  
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