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Like humans, chickens are bipedal animals that rely on the hip 
joint to absorb the majority of the body’s weight. This anatomy, 
in concert with their high activity level, makes chickens an attrac-
tive model for the study of osteonecrosis of the femoral head in 
humans. The vast majority of animal research on osteonecrosis 
of the femoral head has been performed on quadrupedal ani-
mals,3,4,10,19,25,26,28,29,31,36,37,41,51,52 thus limiting its application to bipedal 
species because most quadruped models fail to progress to end-
stage mechanical collapse similar to that in humans.6

Avascular necrosis is the death of bone that occurs from isch-
emia due to disruption of the vascular supply to bone through 
direct or indirect mechanisms.38 Avascular necrosis should be dif-
ferentiated from the broader term of osteonecrosis, which refers 
to bone death in general.32 Causes of femoral head osteonecrosis 
include direct and indirect disruption of vascular supply (trau-
matic injury, intravascular coagulation, extrinsic compression) 
as well as changes in cellular differentiation and cellular apop-
tosis.4,7,12,15,17,18,24,30-32,38,49,50 Accordingly, causes of osteonecrosis are 
both traumatic and nontraumatic.16,31,32

The arterial anatomy in the chicken hindlimb has been out-
lined by several authors.20,22,27,35,42,44,45 Briefly, the external iliac and 
ischiatic artery arise from the abdominal aorta to provide blood 
supply to the chicken hind limb. The external iliac artery has 2 
main branches—the femoralis and femoral circumflex arteries—
that distribute blood to the chicken hindlimb. The ischiatic artery 
provides 3 main branches: the trochanteric artery, superior femo-
ral nutrient artery, and middle femoral nutrient artery. Although 
the terminal vascular supply to the femoral head of Leghorn and 
Broiler chickens has been described,46,47 the origin of these termi-
nal arteries with reference to the ischiatic and femoralis arteries 
and their respective branches has not been addressed. The cur-

rent study will describe the blood vessels that feed these terminal 
branches to the chicken femoral head.

Materials and Methods
The Animal Care and Use Committee at the University of Vir-

ginia approved the experimental protocol. Twelve White Leg-
horns (Gallus gallus domesticus) were used at 18 wk of age with a 
weight of approximately 2 kg. Heparin (400 U/kg) was injected 
into the wing vein, and then the chicken was euthanized (1 mL 
Euthasol IV; Delmarva Laboratories, Midlothian, VA). The tho-
racic and abdominal aorta was exposed immediately. A polyeth-
ylene cannula was placed in the aorta, extending from the thorax 
to a point just superior to the external iliac artery, and the aorta 
ligated. Casting compound (Microfil, Flow Tech, Carver, MA) 
mixed according to the manufacturer’s instructions was used to 
fill the vasculature at a pressure of 150 mm Hg. To this end, red 
MV130 compound (Flow Tech) was mixed with an equal quantity 
by weight of MV Diluent (Flow Tech) and catalyzed with 5% by 
weight of MV Curing Agent (Flow Tech) to produce a viscosity 
range from 20 to 30 centipoise. The solution had a working time 
of 20 min that began with the addition of the curing agent. Im-
mediately after injection, the chickens were refrigerated at 4 °C 
and allowed to cure overnight to form a 3-dimensional cast of the 
vasculature. The pelvis and hindlimbs were harvested and fixed 
in formalin for at least 72 h.

The specimens were immersed in decalcifying solution (Cal-
EX, Fisher Scientific, Pittsburgh, PA) for 7 d to decalcify the bone. 
Blunt dissection was performed to expose the branches of the ex-
ternal iliac artery and ischiatic artery of the hip. The femoral shaft 
was incised along the lateral cortex to expose the nutrient arteries 
in the marrow cavity. Half of the specimens were cleared by using 
glycerin, to determine the terminal branches of the ischiatic and 
external iliac arteries and to further clarify observations noted 
during blunt dissection. The specimens were placed in a 50% mix-
ture of water and glycerin; the glycerin concentration was raised 
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In comparison with the chicken, the human femoral head pre-
dominantly is supplied by the superior retinacular vessels of the 
deep branch of the medial femoral circumflex artery, with an im-
portant anastamosis14 occurring between the deep medial femoral 

at 24-h intervals to 75%, 85%, and finally pure glycerin. Branches 
supplying blood to the femoral head from the external iliac and 
ischiatic arteries were carefully examined, identified, and photo-
graphed.

Results
In all 24 hindlimbs, the abdominal aorta gave rise to the ex-

ternal iliac and ischiatic arteries (Figure 1). The ischiatic artery 
runs distally with the ischiatic nerve posteromedial to the femur 
and gives off the trochanteric artery, superior femoral nutrient 
artery, and middle femoral nutrient artery (Figures 2 and 3). The 
middle femoral nutrient artery penetrates the femur and gives 
rise to 2 arteries within the bone marrow cavity: the ascending 
and descending branches (Figure 4). The external iliac provides 
2 main branches to the hind limb: the femoralis artery and femo-
ral circumflex artery. The femoral circumflex artery perfuses the 
musculature of the thigh. We noted 2 previously undescribed 
branches of the femoralis artery providing blood to the acetabu-
lum (acetabular branch, Figure 5) and femoral head (lateral reti-
nacular artery, Figure 5).

Half of the specimens were cleared by using glycerin to deter-
mine the terminal branches of the ischiatic and external iliac arter-
ies. The branches of the ischiatic artery include the trochanteric, 
superior femoral nutrient, and middle femoral nutrient arteries 
(Figures 3, 6). The femoralis artery gives rise to the acetabular 
branch, which perfuses the acetabulum and femoral head (Figure 
5). The femoralis artery provides an additional previously unde-
scribed branch to the femoral head, which we named the lateral 
retinacular artery (Figure 5). The femoralis artery then continues 
caudally and ventrally, crossing the proximal femur, and termi-
nates in the proximal thigh (Figure 5). We noted that the acetabu-
lar branch of the femoralis artery, lateral retinacular artery, and 
trochanteric artery from the ischiatic artery form a vascular ring 
around the femoral neck and perfuse the femoral head and neck 
(Figures 5, 6).

Discussion
As described previously for the terminal vasculature42,44,45,46 

and as we confirmed in the present study, the chicken femoral 
head is perfused by 2 different major arteries, the femoralis and 
ischiatic arteries. In the present study, we noted that the femoralis 
artery supplies 2 previously undescribed branches: the acetabular 
branch of femoralis artery and the lateral retinacular artery. The 
ischiatic artery gives off 3 branches: the trochanteric artery, supe-
rior femoral nutrient artery, and middle femoral nutrient artery. 
The acetabular branch of femoralis artery, lateral retinacular ar-
tery, and trochanteric artery form a vascular ring that perfuses the 
chicken femoral head and neck. In addition, the middle femoral 
nutrient artery gives rise to a common femoral medullary cavity 
branch that subdivides into 2 branches, including the ascend-
ing branch of the middle femoral nutrient artery, which provides 
blood supply directly to the femoral head. Therefore, blood sup-
ply to the chicken femoral head is provided by the lateral retinac-
ular artery, acetabular branch of the femoralis artery, trochanteric 
artery (from the ischiatic artery), and the ascending branch of the 
middle femoral nutrient artery. The femoral circumflex arteries, 
which arise from the external iliac artery, do not appear to be an 
important source of blood to the femoral head in the chicken.

Figure 1. Abdominal aorta giving rise to the external iliac and ischiatic 
arteries. A, Abdominal aorta; B, external iliac artery; C, ischiatic artery.

Figure 2. Branches of the ischiatic artery. A, Trochanteric artery; B, supe-
rior femoral nutrient artery; C, middle femoral nutrient artery; D, femo-
ral head; E, greater trochanter.
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crosis include alcohol intake,50 lupus,1 HIV,30 Caisson disease,32 
and Legg–Calve–Perthe disease.48 Ultimately, the final pathway 
is terminal ischemia, with death of both osteocytes and surround-
ing bone marrow.52 Treatment options are primarily surgical and 
include core decompression, total hip arthroplasty, osteotomies, 
and vascularized bone grafts.17,23 Similar in etiology to the human 
form of the disease, femoral head necrosis is the most common 
cause of lameness among broiler chickens.9

Numerous animals, including sheep,29 rats,3 goats,43,52 rab-
bits,25,31,51 dogs,10,26 and pigs,19,37,41 have been proposed to create a 
viable research model to study human osteonecrosis of the femo-
ral head. Methods to produce osteonecrosis have included but 
are not limited to corticosteroid administration,4,7,31,36,51 vessel liga-
tion or destruction,3,19,37,41 ethanol injection,29 cryogenic insults,26 
hip dislocation,28 and combined methods.6,52 For example, 79% 
of rabbits treated with corticosteroids developed osteonecrosis 
of the femoral head with associated intraosseous hypertension 
and decreased femoral head blood flow.31 Corticosteroid use in-
duces osteonecrosis in chickens49 but not geese.4 Unfortunately, 
most animal models have shown histologic changes consistent 
with osteonecrosis without progressing to end-stage collapse.6 
An emu model of femoral head osteonecrosis was developed by 
combining ablation of the femoral head blood supply with di-
rect cryogenic insults.6 More than 80% of the emus progressed 
to osseous structural failure, with 6 emus developing a ‘crescent 

circumflex and inferior gluteal arteries.2,11,13,14,34,40 By contrast, the 
blood supply to the chicken femoral head is from an anastamot-
ic ring, with contributions from 3 arteries (trochanteric, lateral 
retinacular, and acetabular branch) and additional blood supply 
provided by the intraosseous ascending branch of the middle 
femoral nutrient artery. These arteries likely supply the terminal 
intraosseous branches.44,45 We were unable to confirm the pres-
ence of an arterial supply to the chicken femoral head through the 
ligamentum teres. However, the contribution from blood vessels 
passing through the ligamentum teres is not reliably present in 
domestic fowls 15 wk of age and older.45 Similarly, in humans, the 
blood supply from the foveal artery is rarely significant.2,40

Osteonecrosis of the femoral head often affects young patients 
with devastating consequences, including complete collapse of 
the femoral head in more than 80% of patients if left untreated.32,33 
Causes of femoral head osteonecrosis include direct and indirect 
disruption of vascular supply, as well as changes in cellular dif-
ferentiation and cellular apoptosis.4,7,12,15,17,18,30-32,38,50 Vascular sup-
ply is disrupted directly through fractures of the femoral neck 
and dislocations.8,15,21,39 In addition, blood supply can be inhib-
ited by intravascular coagulation, as with sickle cell disease or 
hypercoagulable disorders.5,12,18,38 Extrinsic pressure on the deli-
cate intraosseous vascular canals can be caused by adipocyte hy-
pertrophy secondary to glucocorticoids7,31,38 or by lipid storage 
disease such as Gaucher disease.1 Other etiologies of osteone-

Figure 3. Branches of the ischiatic artery after glycerin clearing. A, Tro-
chanteric artery; B, superior femoral nutrient artery; C, middle femoral 
nutrient artery; D, greater trochanter.

Figure 4. Branches of middle femoral nutrient artery. (A) Ascending 
Branch of Middle Femoral Nutrient Artery, (B) Descending Branch of 
Middle Femoral Nutrient Artery.
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osteonecrosis with progression to end-stage mechanical collapse 
by virtue of the chicken’s high activity level and bipedalism.
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