
Abstract. The rat model that is commonly used to study
femoral head osteonecrosis involves the induction of
osteonecrosis by surgery employing a lateral approach to the
hip joint. However, this approach induces hip joint luxation,
which means it is difficult to determine whether the
osteonecrosis arises because of the vascular deprivation or
because of the hip joint luxation. Whether or not femoral head
osteonecrosis can be induced by the medial approach to the hip
joint, which does not generate hip joint luxation, was assessed.
Materials and Methods: Twelve 6-month-old F344 rats were
subjected to the lateral or medial approach. Results: Four weeks
after surgery, the lateral approach group showed luxation upon
radiography, but the medial approach group did not.
Histopathology revealed both groups exhibited osteonecrosis of
the femoral head. Conclusion: A surgically induced model of
femoral head osteonecrosis that employs the medial approach
is a more effective model than that using the lateral approach.

Osteonecrosis, also known as avascular osteonecrosis (AVN)
or aseptic necrosis, is the localized death of bone due to
infarcts (1). The infarcts that lead to AVN can be caused by
trauma, corticosteroid use, radiation therapy, systemic lupus
erythematosus and emboli; the cause may also be idiopathic
(1, 2). Indeed, in most patients, the exact cause is unknown.
In the USA alone, approximately 50,000 total hip
replacements are performed every year due to idiopathic
AVN of the femoral head (2). 

To understand the pathophysiology of AVN and to devise
effective therapies, an appropriate animal model of AVN is
needed (3). The ideal animal model of AVN of the femur head
is one that involves a uniform lesion of necrosis, the
application of normal loading on the femoral head during the
healing phase, the generation of histological changes at an
early stage, and the mechanical collapse of the femoral head at
a later stage. It would also be preferable to use skeletally
mature animals that are anatomically similar to humans, as
this would facilitate the development of prophylactic and
therapeutic strategies for humans (3). Many rat models of
AVN have been proposed and include the spontaneously
hypertensive rat model (4), the steroid injection model (5), the
surgically induced model (6) and the thrombus model using
2-butoxyethanol injection (7). With regard to the surgically
induced model in the rat, vascular deprivation of the femoral
head has been achieved by the lateral approach (6). However,
this model suffers from the disadvantage that hip luxation is
also induced, which means that it can be difficult to determine
whether the osteonecrosis of bone and cartilage in the model
animals is caused by vascular deprivation or by mechanical
trauma. The purpose of this study was to show that femoral
head AVN can be induced by the medial approach, which does
not concomitantly generate hip joint luxation.

Materials and Methods

This study was approved by the Institutional Animal Care and Use
Committee of Chungbuk National University. Twelve 6-month-old
female F344 rats underwent interruption of the blood supply to the
femoral head by the lateral (n=6) or the medial (n=6) approach.
Briefly, the animals were anesthetized with zoletil (10-20 mg/kg)
and xylazine (5-10 mg/kg) by intraperitoneal injection, and their
skin was shaved and subjected to local antisepsis and draping. The
lateral approach method was performed as illustrated by Norman et
al. (6), starting with a skin incision made over the greater trochanter.
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Figure 1. The lateral approach. A: The gluteus maximus muscle is divided in the direction of its bundles and the cranial two thirds of the gluteus
medius muscle is severed from the trochanteric area. B: The craniolateral joint capsule is transacted to cut the ligamentum teres. The ligamentum
teres is severed and hip luxation is applied. C: The periosteum of the femoral neck is incised by using a no. 11 blade. D: The non-visible area of the
neck is incised by using a hand-made hooked 21-gauge needle and is then electrocauterized.

Figure 2. The medial approach. A: The fascia is opened in line with the skin incision and the skin is undermined and retracted. The femoral artery
and vein are protected. A blunt dissection between the pectineus muscle and the vastus medialis muscle is made. B: A Gelpi self-retaining retractor
is placed between the pectineus muscle and the vastus medialis muscle. The iliopsoas muscle and the medial aspect of the acetabular portion of the
pelvis are revealed. The iliopsoas muscle is retracted. The ventral joint capsule is transected between the acetabulum and the proximal border of the
femoral neck. C: The ligamentum teres is severed and hip luxation is applied. The periosteum of the femoral neck is incised by using a no. 11 blade.
D: The non-visible area of the neck is incised by using a hand-made hooked 21-gauge needle and is then electrocauterized.



Kim et al: Hip Joint Luxation in Avascular Femoral Head Rat Model

823

Figure 3. Radiographic findings. A: The medial approach group exhibited mild laxity. B: The lateral approach group displayed luxation.

Figure 4. Necropsy findings. The lateral approach group exhibited pseudoarticulation (upper arrow). The lower arrow indicates the acetabulum. 

Figure 5. Histological findings: empty lacunae (arrow head), new bone formation (arrow). Hematoxylin and eosin, ×200.



The procedure is described in Figure 1. The medial approach
method was performed as demonstrated by Piemattei and Johnson
(8), starting with a skin incision made over the inguinal area. The
procedure is described in Figure 2. In each case following the
relocation of the femoral head, the joint capsule and gluteal muscles
were sutured with 5-0 absorbable suture material. The skin was
closed with 4-0 nylon. After surgery, the rats were placed in
spacious cages. They had free access to water and consumed a
regular laboratory diet ad libitum. On postoperative days 7, 14, 21
and 28, the animals were subjected to radiographic examinations
performed under general anesthesia using isoflurane. Normal and
stressed hip views were taken. The degree of hip luxation was also
checked by a physical examination under anesthesia while the
examiner was blinded to the procedure. On postoperative day 28,
the rats were sacrificed and their femurs were fixed in formalin.
After decalcification and paraffin embedding, the specimens were
stained with hematoxylin and eosin. The histological findings were
classified semiquantitatively as summarized in detail elsewhere (9,
10). Statistical analysis was performed by using the Chi-squared test
for the presence or absence of luxation and by using Student’s t-test
for histological finding score. An observation was considered to be
statistically significant if the probability was less than 5% (p<0.05). 

Results
In terms of physical examination, all the lateral approach
group had luxation and all the medial approach group did not.
In terms of the radiographic data obtained during the
experimental period, the lateral approach group exhibited
luxation, while the medial approach group displayed mild
laxity (Figure 3). In the necropsy findings, the lateral approach
group showed that one rat had luxation without
pseudoarticulation and five rats had luxation with
pseudoarticulation (Figure 4). In contrast, the medial approach
group displayed normal articulation. The histological findings,
showed empty lacunae and new bone formation in both groups
(Figure 5). The degrees of necrotic bone, necrotic bone
marrow, new bone formation and cartilage changes exhibited
by the femurs, which were graded in a semiquantitative
fashion, are summarized in Table I. The extent of bone
necrosis was assigned a score of 1, 2 or 3 when less than one-
third, one- to two- thirds, and over two-thirds of the capital
epiphysis of the femur were involved, respectively. A score of
1, 2, or 3 was assigned to cases of new bone formation when
it occupied one-third, one- to two- thirds, and over two-thirds
of the intertrabecullar spaces, respectively. The lateral
approach and medial approach groups did not differ
significantly in terms of any of these parameters. 

Discussion

Surgically induced rat models of AVN of the femoral head
are generated by cutting the ligamentum teres and blocking
the blood vessels of the femoral neck (6). The ligamentum
teres originates in the ventral portion of the acetabular fossa
and is inserted into the fovea of the femoral head. The

medial approach allows easy access to the ligamentum teres
while the hind limb is abducted, which means the surgeon
only has to make a small incision into the joint capsule to
cut the ligamentum teres. In contrast, in the lateral approach,
the ligamentum teres is located more deeply and can only be
cut after a large incision of the joint capsule is made. Such
large incisions of the capsule induce instability of the hip
joint. Moreover, even though the incised capsule is sutured,
the fragility of the joint capsule in the rat means dehiscence
occurs frequently. A craniolateral approach, where the cranial
part of the capsule is incised, could also prevent hip luxation
during weight bearing. 

In most surgically induced AVN models, cartilage
remodelling occurs 28 days after surgery (6, 9, 10). However,
in the present study, one case of cartilage degeneration
without pseudoarticulation in the lateral approach group was
observed. No cartilage degeneration with pseudoarticulation
was observed in 5 cases in the lateral approach group. While
it is believed that pseudoarticulation does not induce any
additional degeneration of the cartilage, it has been shown
that chondrocyte apoptosis can be induced by femoral head
dislocation in a surgically induced AVN model (11).
Moreover, femoral head subluxation in a surgically induced
rabbit model has been shown to lead to the collapse of the
femoral head (12). These two observations suggest that
luxation can indeed induce cartilage degeneration. For this
reason, it is important that luxation must not be induced in
AVN animal models. Where there was no pseudoarticulation
in the lateral approach in the present experiment, it is
thought that cartilage remodelling would have been induced.
A surgically induced model of AVN of the femoral head that
employs the medial approach is a more effective model than
the model that utilizes the lateral approach. 
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Table I. Summary of the semiquantitatively assessed osteonecrosis
parameters of the femoral heads of the lateral and medial approach
groups.

No. Necrotic Necrotic New bone Cartilage 
cortical bone bone marrow formation changes

Lat 1 1 1 3 -
Lat 2 3 3 1 -
Lat 3 3 1 1 -
Lat 4 3 1 1 -
Lat 5 3 1 2 +
Lat 6 3 1 2 -
Med 1 3 1 3 -
Med 2 3 1 3 -
Med 3 3 3 3 -
Med 4 3 3 1 -
Med 5 3 2 2 -
Med 6 3 1 3 -

Lat: Lateral approach; Med: medial approach.
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