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Comparative 
Anatomy of 
the 
Metatarsal 
Foot Pad in 
Birds of Prey 
and Owls
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Review of Schwehn et al. 
(2025)

Veterinary Sciences 12:498 | 
Revised visual and scientific 
condensation

Abstract
Pododermatitis (bumblefoot) 
is common in captive birds of 
prey and shows species-
specific differences in 
prevalence. Circulatory 
disturbance of the plantar 
foot has been proposed as 
an important component of 
its pathogenesis. To compare 
the structure and vascular 
supply of the foot sole, 
particularly the metatarsal 
foot pad, Schwehn et al. 
examined eight avian species 
using macroscopic dissection 
with intravascular latex 
injection, contrast micro-
computed tomography (µCT) 
with barium sulphate, 
corrosion casting, and 
histology.

Falcons are reported to be 
affected more frequently or 
severely than hawks and owls. 
The study therefore 
investigated whether species-
specific differences in the skin, 
subcutis, and vascular 
topography of the metatarsal 
foot pad might contribute to 
differences in susceptibility.

The principal arterial supply of 
the metatarsal pad arose from 
a pulvinar branch of the 
medial digital artery of the 
first toe (me_DA1). In falcons 
and owls, this branch followed 
a relatively vertical course 
toward the plantar surface 
and curved around the 
protruding pad in a basket-like 
arrangement, whereas in 
northern goshawks and 
common buzzards it followed 
a shorter, more horizontal 
course. Organized 
subcutaneous adipose tissue 
formed the structural basis of 
the metatarsal pad in falcons 
and owls, but not in northern 
goshawks and common 
buzzards. Venous drainage 
was predominantly lateral, 
mainly through pulvinar 
branches joining la_DV1 
and/or la_DV4, with species-
specific and individual 
variation.

Introduction

Pododermatitis affects the 
plantar surface of the foot, 
particularly the metatarsal 
foot-pad region, and may 
progress from epithelial 
devitalization to bacterial 
invasion, deep 
inflammation, tissue 
destruction, and impaired 
pedal function. Unsuitable 
perches, overweight, and 
lack or abrupt cessation of 
exercise have been 
discussed as predisposing 
factors. Because exercise 
increases blood flow to the 
foot skin, circulatory 
disturbance and pressure-
related ischemic injury have 
been proposed as relevant 
components of 
pathogenesis.

Comparative Anatomy 
of the Metatarsal Foot 
Pad in Birds of Prey and 
Owls
Writer : Saba Estiri 101
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Falcons are reported to be
affected more frequently or
severely than hawks and owls.
The study therefore
investigated whether species-
specific differences in the skin,
subcutis, and vascular
topography of the metatarsal
foot pad might contribute to
differences in susceptibility.

The principal arterial supply of
the metatarsal pad arose from
a pulvinar branch of the
medial digital artery of the
first toe (me_DA1). In falcons
and owls, this branch followed
a relatively vertical course
toward the plantar surface
and curved around the
protruding pad in a basket-like
arrangement, whereas in
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course. Organized
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formed the structural basis of
the metatarsal pad in falcons
and owls, but not in northern
goshawks and common
buzzards. Venous drainage
was predominantly lateral,
mainly through pulvinar
branches joining la_DV1
and/or la_DV4, with species-
specific and individual
variation.

Introduction

Pododermatitis affects the
plantar surface of the foot,
particularly the metatarsal
foot-pad region, and may
progress from epithelial
devitalization to bacterial
invasion, deep
inflammation, tissue
destruction, and impaired
pedal function. Unsuitable
perches, overweight, and
lack or abrupt cessation of
exercise have been
discussed as predisposing
factors. Because exercise
increases blood flow to the
foot skin, circulatory
disturbance and pressure-
related ischemic injury have
been proposed as relevant
components of
pathogenesis.
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Materials and
Methods

Animals and
Study Design
Examinations were carried
out on fully grown northern
goshawks, common
buzzards, peregrine falcons,
gyr-saker falcons, common
kestrels, Eurasian eagle-owls,
long-eared owls, and barn
owls. Macroscopic surface
relief was assessed in 19-24
specimens per species.
Longitudinal frozen sections
centered through toe I, the
metatarsal pad, and toe III
were prepared from two feet
per species.

Histology
Six birds per species were
examined at three
standardized locations: (A)
the metatarsal foot pad, (B)
the proximal digital foot pad
of toe II, and (C) the
interpulvinar area directly
cranial to the metatarsal
pad. Paraffin sections (2–3
µm) were stained with
hematoxylin–eosin or
Masson-Goldner trichrome.
The subcutis was evaluated
descriptively for the amount
and organization of adipose
tissue.

Vascular
Architecture
and Imaging
Three complementary
techniques were used.
Corrosion casts were produced
by injecting epoxy resin into the
descending aorta and
macerating the feet to expose
the vascular tree. For gross
dissection, arteries were filled
with red latex and veins with
blue latex. For contrast µCT,
barium sulphate was injected
into the ischiadic artery and the
distal tarsometatarsus and
digits were scanned at 60 kV
with 41 µm resolution and
reconstructed in 3D using
Amira.

The combined approach
allowed direct comparison of
pad morphology, tissue
composition, digital vessels, the
principal pulvinar artery, and
venous drainage among
Accipitriformes, Falconiformes,
and Strigiformes.

Results I –
Gross 
Morphology 
and Skin 
Architecture

Gross 
Morphology

Macroscopic examination showed
clear interspecific differences in
foot-sole relief. In northern
goshawks and common buzzards,
the metatarsal and digital foot-pad
regions were relatively flat and
less clearly demarcated from the
adjacent plantar skin. In contrast,
falcons and owls displayed
prominently elevated pads that
were more clearly distinguishable
from the interpulvinar areas
(Figure 1). Longitudinal frozen
sections showed that the elevated
pads in falcons and owls were
supported by loose yellowish
adipose tissue between the flexor
tendons and the cutis; such a
macroscopic fat body was not
observed in the examined
northern goshawk and common
buzzard sections (Figure 2).

Figure 1. Northern goshawk (a), peregrine falcon (c), and Eurasian eagle-owl (e): flat accipitrid versus 
prominently elevated falcon/owl pads.

Figure 2. Longitudinal sections of gyr–saker falcon (b) and Eurasian eagle-owl (c). X = loose adipose 
tissue between flexor tendons and cutis.
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Histology of 
the Cutis 
(Epidermis and 
Dermis)
The basic organization of the
epidermis and dermis was
broadly similar among the
examined species. The
epidermis comprised basal,
intermediate, and cornified
layers. The superficial dermis
formed well-developed dermal
papillae in the foot-pad
regions, whereas papillae in
the cranial interpulvinar area
appeared flatter and lower in
number. Two vascular
networks supplied the skin: a
deep subdermal vascular
network at the dermal-
subcutaneous junction and a
dermal vascular network with
papillary and interpapillary
components and superficial
subepithelial capillaries. Both
networks were more
prominent in the foot pads
than in the cranial
interpulvinar region.

Figure 3. Histological cross-sections of the foot sole in the peregrine falcon (Masson-Goldner 
and HE stains). (a) Metatarsal pad showing prominent dermal papillae (b2), 
dermal/subdermal vascular networks (1, 2), and organized subcutaneous fat (a1). (b) 
Proximal digital pad of toe II. (c) Cranial interpulvinar area in this specimen, showing flatter 
papillae, less prominent vascular networks, and no evident organized adipose tissue.

divided by prominent
connective-tissue septa;
common kestrels also
consistently showed a
septated organized metatarsal
fat pad, whereas peregrine
and gyr-saker falcons showed
a more heterogeneous
pattern. In the cranial
interpulvinar area, most
specimens had few or no fat
cells, although organized
adipose clusters or a fat pad
were recorded in occasional
owl specimens.

Subcutis and 
Adipose 
Organization
The subcutis showed the
clearest interspecific
differences. In northern
goshawks and common
buzzards, the subcutis beneath
the pads consisted
predominantly of collagenous
connective tissue, with no fat
cells or only isolated fat
cells/small clusters in most
examined sections. In

contrast, falcons and owls

generally possessed

organized subcutaneous

adipose tissue forming

the basis of the

metatarsal and proximal

digital pads. In the owl

species, organized fat pads

were commonly
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Results II –
Vascular 
Architecture 
of the Foot 
and 
Metatarsal 
Pad
Digital Vessels and
Cutaneous Plexuses

Each toe was supplied by
collateral digital arteries and
veins running along its lateral
and medial aspects (Figure
13). These vessels gave off
dorsal and plantar branches
that formed brace-like
connections around the digits
and contributed to the
plantar subdermal vascular
network supplying the digital
and metatarsal pads. Within
the subcutis itself, including
the organized fat pads of
falcons and owls, no
prominent vessels were
observed. Only few vessels
were visible around the deep
flexor tendons beneath the
metatarsal pad.

Arterial Supply 
to the 
Metatarsal 
Pad
The principal arterial supply of
the metatarsal pad was a
strong pulvinar branch arising
from the medial digital artery
of the first toe (me_DA1). This
branch was visible in 71 of 75
examined feet and
represented the dominant
supply across all eight species,
although additional small
pulvinar branches and
occasional variation were
present. In falcons and owls,
the main pulvinar artery
followed a more vertical
course toward the plantar
surface and curved around the
protruding pad in a basket-like
arrangement, while the
adipose core itself contained
no prominent vessels (Figure
14). In northern goshawks and
common buzzards, the
corresponding artery followed
a shorter, straighter, and more
horizontal course across the
metatarsal pad.

Figure 14. µCT: straight horizontal me_DA1 in 
common buzzard (a) versus basket-like course 

in peregrine falcon (b).
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Venous 
Drainage of 
the Metatarsal 
Pad
The main venous drainage of
the metatarsal pad was
predominantly lateral,
opposite to the medially
positioned principal arterial
supply. Drainage most
commonly occurred through
pulvinar branches joining the
lateral digital vein of the first
toe (la_DV1) or the lateral
digital vein of the fourth toe
(la_DV4) near their proximal
junction. The pattern varied
among species and among
individual specimens.
Additional smaller pulvinar
veins could join digital veins
in the other interdigital
spaces or, less frequently, the
venous plantar arch.

Discussion and 
Final 
Conclusions

The comparative findings
identify a consistent
anatomical contrast. The
basic organization of the
epidermis, dermis, and
cutaneous vascular networks
was broadly similar among
species, whereas the subcutis
showed the clearest
interspecific differences.
Falcons and owls generally
possessed organized adipose
tissue forming the metatarsal
and proximal digital pads,
while northern goshawks and
common buzzards had
predominantly collagenous
connective tissue with little or
no fat in most examined pad
sections.

The authors discuss a possible
functional role of the relatively flat
plantar surface and tendon-
ligament architecture in accipitrids
in distributing load, whereas the
protruding adipose pads of falcons
and owls may contribute
differently to mechanical
cushioning.

The metatarsal and proximal digital
pads showed anatomical features
consistent with adaptation to
mechanical stress, including more
prominent dermal papillae and
more developed dermal and
subdermal vascular networks than
the cranial interpulvinar area. The
authors therefore discuss the
transition toward the less-
protected cranial interpulvinar skin
as a potentially vulnerable region
under non-physiological pressure.
In falcons and owls, the organized
fat pad may provide mechanical
cushioning, but pathological
pressure, swelling, or deformation
could alter load distribution and
potentially affect adjacent skin and
vessels. The paucity of visible
vessels around deeper structures
may also be clinically relevant if
infection extends beyond the
superficial tissues.

Pad structure was associated with
the course of the principal pulvinar
artery. In northern goshawks and
common buzzards, the vessel
followed a shorter and straighter
route before ramifying into the
skin; in falcons and owls, it curved
around the protruding pad. Using
the Hagen-Poiseuille relationship
as a theoretical framework, the
authors propose that a longer
vascular route could increase
resistance to flow and that
deformation or displacement of
the fat pad might compress vessels
surrounding it.
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These interpretations are
mechanistic hypotheses
based on anatomical
observations; vascular
resistance, blood-flow
velocity, and in-vivo perfusion
were not directly measured.
Likewise, the more prominent
septation of owl fat pads was
discussed as a possible
structural difference relevant
to deformation, but it was not
tested biomechanically.

Comparative 
Synthesis

Feature N. goshawk / common buzzard Falcons Owls 

Metatarsal pad Rather flat Protruding Protruding 

Subcutis Mainly connective tissue; little/no fat 
Organized fat; heterogeneous 
partitioning 

Organized fat; prominent septa 
common 

Main pulvinar artery Straighter, more horizontal Vertical/curved; basket-like Vertical/curved; basket-like 

Main venous drainage Predominantly lateral Predominantly lateral Predominantly lateral 

Authors’ proposed interpretation 
Shorter/straighter principal arterial 
course; relatively flat pad 

Fat-pad deformation may alter 
load distribution and affect 
surrounding vessels 

Prominent septation may influence 
resistance to deformation (not 
biomechanically tested) 

 

Final
Interpretation
and Clinical
Relevance
The study demonstrates
species-specific differences in
metatarsal pad composition
and pulvinar vascular
topography that may help
explain differences in
susceptibility to
pododermatitis. The findings
support an anatomical
framework in which

mechanical loading, pad
deformation, and
circulatory disturbance
could interact, but they
do not establish a direct
causal mechanism. The
mapped arterial and
venous pathways are also
anatomically relevant to
the metatarsal region;
specific surgical
recommendations,
however, would require
dedicated clinical
evidence.

Clinical Take-
Home
Message
This comparative anatomical
study supports the view that
mechanical loading and
circulatory disturbance are
important considerations in
pododermatitis, while
secondary bacterial infection
remains relevant once the
epithelial barrier is
compromised. The species-
specific differences in pad
composition and vascular

course may contribute to
differences in vulnerability
under captive conditions.
These findings reinforce the
importance of preventive
husbandry measures discussed
in the source article, including
appropriate perch design,
weight management, and
maintenance of regular
exercise. Treatment
recommendations, including
the role of systemic antibiotics
in established lesions, cannot
be determined from this
anatomical study alone.
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