
Zoomorphology (1990) 109 : 281-293 Zoomorphology 
© Springer-Verlag 1990 

The digital tendon locking mechanism of the avian foot (Aves) 
Thomas H. Quinn and Julian J. Baumel 

Division of Anatomy, Creighton University School of Medicine, Omaha, NE 68178, USA 

Received May 1, 1989 

Summary. Representatives of  all avian orders were stud- 
ied in order to establish that  the tendon-locking mecha- 
nism (TLM),  consisting of  local specialization of  the 
flexor tendons and the adjacent port ion of  the flexor 
tendon sheath, is by no means rare, but  rather,  consti- 
tutes the prevalent condition in a large majori ty of  the 
avian species sampled. The areas of  tubercles on the 
tendons and the adjacent sheath plications intermesh 
with one another  thereby forming a true tendon-locking 
mechanism that  maintains the distal and other interpha- 
langeal joints of  the digits in the flexed position. The 
T L M  seems to function not only in perching, but in 
a wide variety of  other activities of  the avian foot  includ- 
ing swimming, wading, prey-grasping, clinging, hanging, 
and tree climbing. The basic structural components  of  
the mechanism are remarkably  similar in the divergent 
avian groups adapted for these activities. Ultrastructural  
detail of  the T L M  was studied by means of  scanning 
and transmission electron microscopy. Interdigital varia- 
tion in distribution of  the T L M  in all of  the digits of  
individuals were made as were comparisons of  the inter- 
specific distribution of  the TLM.  An analysis of  the bio- 
mechanics involved in engaging the elements of  the T L M  
and how they produce locking of  the flexed joints of  
the digits includes a consideration of  the roles of  the 
podothecal  pads, ungual flexor processes, and the elastic 
flexor and extensor ligaments of  the toes. The compo-  
nents of  the T L M  are differentiated in early fetal devel- 
opment  establishing that  the T L M  components  are not 
acquired adventitiously in response to such factors as 
posthatching mechanical stresses. 

A. Introduction 

The surfaces of  the digital tendons and the sheaths form- 
ing the tunnels in which they travel are usually covered 
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with smooth  slippery synovial membranes  that  reduce 
friction between the surfaces in contact  with one an- 
other. Nearly a century ago, it was discovered that  cer- 
tain birds possess roughened patches on the plantar  sur- 
faces of  some of  the flexor tendons of  the digits, and 
a series of  transverse folds on the adjacent flexor tendon 
sheath (Ranvier 1889), yet this fact is not widely known. 
These elaborations of  tendon and sheath have been re- 
ferred to as a locking mechanism (Schaffer 1903). 

The present study of  the occurrence and distribution 
of  the tendon locking mechanism (TLM) does not  in- 
clude a consideration of  the so-called automatic  digital 
flexor mechanism;  this mechanism is said to contribute 
to flexion of  the digits by stretching the flexor tendons 
that  traverse the tibial cartilage and hypotarsus  as the 
intertarsal joint  is flexed. This topic has been dealt with 
by several authors including Watson (1869), Schaffer 
(1903), Schranke (1930), and Bock (1965). 

B. Materials and methods 

The flexor tendons and sheaths of the entire foot or the third 
toe of specimens representing the 26 avian orders (Table 1) were 
carefully dissected in order to display the tendons and sheaths. 
The plantar podotheca, i.e., the digital pads and folds and the 
fatty subcutis, were removed exposing the intact outer (plantar) 
surface of the fibrous tendon sheath. The sheath was then incised 
along one side of its attachments to the phalanges and the plantar 
ligaments of the interphalangeal joint capsules, then reflected in 
order to examine its inner surface and the plantar surface of the 
tendons. 

All of the digits of the foot were dissected in 21 specimens 
representing 13 orders (Table 1). The presence or absence of the 
TLM was noted and drawings were made of the pattern and distri- 
bution of the TLM. The remainder of the specimens consisted 
of only the third toe which was dissected and/or prepared for scan- 
ning electron microscopy (SEM) or transmission electron microsco- 
py (TEM). 

Methods of primary fixation varied. All specimens to be used 
for SEM study were dehydrated in a graded ethanol series up 
to 100%, and dried in liquid CO2 in a Polaron critical point drier. 
Tissue was then coated with AuPd alloy in a Polaron E5100 coating 
unit. 
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Table 1. Summary of the presence or absence of the tendon-locking mechanism (TLM) 

TLM Whole foot 
present dissection 

Struthioniformes Struthionidae S t r u t h i o  c a m e l u s  - - 

Rheiformes Rheidae R h e a  a m e r i c a n a  - - -  

Casuariiformes Dromaiidae D r o m a i u s  n o v a e h o l l a n d i a e  - - 

Apterygiformes Apterygidae A p t e r y x  aus t ra l i s  - + 

Tinamiformes Tinamidae T i n a m u s  m a j o r  - + 

Sphenisciformes Spheniscidae P y g o s c e l i s  a n t a r c t i c a  - - 

S p h e n i s c u s  m a g e l l a n i c u s  - + 

Gaviiformes Gaviidae Gav ia  i m m e r  + - 

Podicipediformes Podicipedidae P o d i l y m b u s  p o d i c e p s  - - 

P o d i c e p s  c r i s t a t u s  - + 

P o d i c e p s  a u r i t u s  - - 

A e c h m o p h o r u s  occ iden ta l i s  a - - 

Procellariiformes Diomedeidae D i o m e d e a  n ig r ipe s  + - 

Procellariidae P t e r o d r o m a  a l b a  + - 

Hydrobatidae O c e a n o d r o m a  h o m o c h r o a  a + _ 

Pelecanoididae P e l e c a n o i d e s  u r i n a t r i x  + - 

Pelecaniformes Pelecanidae P e l e c a n u s  e r y t h r o r h y n c h o s  + - 

Sulidae S u l a  su la  + - 

Phalacrocoracidae P h a l a c r o c o r a x  p e l a g i c u s  + - 

Anhingidae A n h i n g a  a n h i n g a "  + - 

Ciconiiformes Ardeidae B o t a u r u s  l e n t i g i n o s u s "  + - 

A r d e a  h e r o d i a s  + + 

Ciconiidae C i e o n i a  c i con ia  + - 

L e p t o p t i l o s  c r u m e n i f e r u s  + + 

Phoenicopteridae P h o e n i e o p t e r u s  r u b e r  - + 

P h o e n i c o n a i a s  m i n o r  - - 

Anseriformes Anatidae C y g n u s  o lor  b + + 

B r a n t a  c a n a d e n s i s  b + _ 

Arias  p l a t y r h y n c h u s  b + + 

M e r g u s  m e r g a n s e r  b 4. - -  

Falconiformes Cathartidae C a t h a r t e s  a u r a  + - 

Accipitridae C i r c u s  c y a n e u s  4- 4. 

B u t e o  l i nea tus  4- - -  

B u t e o  j a m a i c e n s i s "  4. - -  

Falconidae F a l c o  p e r e g r i n u s  + - 

F a l c o  s p a r v e r i u s  a 4 "  - -  

Galliformes Phasianidae M e l e a g r i s  g a l l o p a v o  + - 

B o n a s a  u m b e l l u s  ~ 4. - 

C o l i n u s  v i rg in ianus  a + --  

Gal lus  g a l l u s  b + + 

Opisthocomidae O p i s t h o c o m u s  h o a z i n  + - 

Gruiiformes Gruidae G r u s  a n t i g o n e  + - 

Rallidae P o r z a n a  c a r o l i n a "  + - 

Gal l inu la  c h l o r o p u s  + - 

F u l i e a  a m e r i c a n a  4. 4- 

Otididae E u p o d o t i s  s e n e g a l e n s i s  + - 

Charadriiformes Jacanidae J a c a n a  j a c a n a  + - 

Haematopodidae H a e m a t o p u s  b a e h m a n i  - - 

Recurvirostridae H i m a n t o p u s  h i m a n t o p u s  - - 

C l a d o r h y n c h u s  l e u c o c e p h a l u s  - + 

Charadriidae C h a r a d r i u s  v o c i f e r u s  b _ + 

Vane l lus  vane l lu s  b, c _ _ 

Scolopacidae N u m e n i u s  tah i t i ens i s  + - 

P h a l a r o p u s  l o b a t u s "  4. - 

Ga l l i nago  g a l l i n a g o  b 4- --  

Ca l idr i s  p u s i l l a "  4- - 

Laridae L a r u s  a r g e n t a t u s  b + _ 

L a r u s  f u s c u s  + --  

G y g i s  a l b a  4. 4. 

Alcidae Uria  l o m v i a  + - 

Columbiformes Raphidae C o l u m b a  livia + + 

Z e n a i d a  m a c r o u r a "  4. - 

Psittaciformes Psittacidae A r a  c h l o r o p t e r a  + - 

Cuculiformes Cuculidae C o c c y z u s  a m e r i c a n u s  a + - 

G e o c o c c T x  ca l i Jbrn iana  + - 


