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ABSTRACT

Background: Femoral head deformity is the most severe sequela of ischemic necrosis in skeletally immature patients.
Development of severe deformity shortens useful survival time of the joint due to the appearance of early degenerative
changes. Preservation of the trabecular architecture through inhibition of osteoclastic bone resorption may minimize the
development of the deformity in an animal model of ischemic necrosis of the femoral head. Aims: To determine if a
highly potent antiabsorptive agent, ibandronate, would inhibit bone resorption during necrotic femoral head repair to
avoid subsequent flattening and deformity, to determine if the use of platelet-rich plasma stimulates bone repair and
neovascularization of the damaged femoral head, and to evaluate if the combination of both therapies can preserve the
femoral head while stimulating new bone formation in an animal model of ischemic necrosis. Methods: Ischemic
necrosis of the femoral head was induced by surgical ligature of the circumflex vessels in 10 Landrace pigs. The
animals were divided into four different groups and were administered ibandronate acid, platelet-rich plasma, or both.
The contralateral, untreated femoral heads with surgical ligature of the circumflex vessels served as the control group.
All animals were killed three months after surgery and the femoral head was evaluated both radiographically and
histologically. The femur length was measured on radiographs and compared among the groups. Results: Final femoral
length was significantly longer in the group treated with a combination of both therapies (platelet-rich plasma-
ibandronate acid) compared to the others groups, with a significant difference between groups. The histological findings
showed increased osteoblastic activity and thickened trabiculae, a higher rate of neovascularization, and focal
hyperplasia greater bone resorption and neovascularization. Only slight changes (femoral length) were observed in the
animals that received platelet-rich plasma in situ favoring revascularization that was, however, only seen in the first
months of administration. Conclusions: Radiographic and histological studies showed that a combination of both
therapies (platelet-rich plasma and ibandronate acid) preserved the trabecular architecture and prevented femoral head
deformity in the early phase of ischemic necrosis repair in immature pigs, coinciding with reports by other authors.
Clinical Relevance: These findings support the concept that a combination of antiresorptive and anabolic agents can
significantly improve bone healing and decrease femoral head deformity following ischemic necrosis in the
fragmentation stage. Further studies would be necessary to determine the optimal dose and longterm effectiveness for
the use in pediatric patients.
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1. Introduction necrosis repair. In this process, resorption of the necrotic
bone by osteoclasts results in mechanical compromise of
the femoral head leading to flattening of the structure of
the epiphysis. The mechanical weakening of the femoral
head plays an important role in the pathogenesis of the

deformty,caused by pathological bone remodeling with

Femoral head deformity is the most severe sequela of
ischemic necrosis in skeletally immature patients. Deve-
lopment of severe deformity shortens useful survival
time of the joint due to the appearance of early degenera-
tive changes.

Reossification and cure occur subsequently, but resi-
dual deformity of the femoral head persists [1-3]. The
onset of the deformity is associated with the process of
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predominance of bone resorption without subsequent
coupled bone formation (imbalance between catabolism
and anabolism).
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We hypothesized that preservation of the trabecular
architecture through inhibition of osteoclastic bone re-
sorption may minimize the development of the deformity
in an animal model of ischemic necrosis of the femoral
head. Based on this hypothesis, the following study aims
were proposed:

1) To determine if a highly potent antiabsorptive agent
—ibandronate—would inhibit bone resorption during ne-
crotic femoral head repair to avoid subsequent flattening
and deformity.

2) To determine if the use of local administration of
platelet-rich plasma would stimulate bone repair and
neovascularization of the damaged femoral head [4].

3) To determine if the combination of both therapies
can preserve the femoral head while stimulating new
bone formation in an animal model of ischemic necrosis.

2. Material and Methods

The study was conducted according to the parameters
established in the protocols of anesthesia and analgesics
of the Animal Protection Society, which were used in all
treatment phases. The investigation protocol was approved
by the Committee of Research and Development at our
institution. For this experimental model, 10 3-month-old
Landrace pigs weighing between 10 and 15 kg were used.

Ischemic necrosis of the femoral head was induced by
a surgical ligature placed tightly around the femoral neck
and transecting the ligamentum teres in 10 pigs weighing
between 10 and 15 kg [5]. Subsequently, ibandronate acid
and/or platelet-rich plasma were administered according
to the groups [4].

Radiographic and pathological studies were performed.

The animals were divided into two groups and two sub-
groups each:

GROUP A: Consisting of five pigs who received intra-
venous ibandronate acid.

The right hip (subgroup Al) was then intraarticular
injected with platelet-rich plasma extracted from the
blood of the pig itself, while in the left hip (subgroup A2)
no subsequent procedure was performed.

GROUP B: Consisting of five pigs that did not receive
ibandronate acid.

Similar to group A, the right hip (subgroup B1) was
intraarticular injected with platelet-rich plasma, while in
the left hip (subgroup B2) no procedure was performed.

Surgical Technique: Under general anesthesia and in
the lateral decubitus position, the hip was exposed through
a longitudinal approach. After incision in the skin, celular
tissue, and fascia and separation of muscle mass, capsu-
lotomy and transection of the ligamentum teres were per-
formed (see Figure 1).

After ligature of the circumflex vessels at the level of
the femoral neck with nonreabsorbable sutures, the wound
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was closed in multi-layers. The animals were allowed to
bear weight immediately aftersurgery (see Figure 2).

From the tenth day after surgery onward, the animals
in group A received injections of ibandronate acid at a
dose of 44 micrograms per kilogram per day subcu-
taneously, three times a week for six weeks.

Platelet-rich plasma were injected in the right hip
(subgroups Al and B1) of the animals in both groups. It
was obtained using the following procedure: 5 ml of
blood was drawn, placed in special anticoagulant-coated
tubes, and centrifuged at 3000 rpm for 10 minutes. The
supernatants were then removed under a laminar flow
hood. The samples were placed in sterile tubes and again
centrifuged at 2000 rpm for 15 minutes at room tempera-
ture. The supernatants were again removed under the
laminar flow hood until reaching the platelet pellet. An
aliquot was taken to determine the platelet count. These
tubes were sent to the surgery room with 10% calcium
chloride as a precipitant [4] (see Figure 3).

Figure 1. Identification of the joint, capsulotomy, and tran-
section of the ligamentum teres.

Figure 2. Ligature of the circumflex vessels at the level of
the femoral neck. In this specimen, the procedure was per-
formed with a wire loop to radiologically confirm adequate
position of the ligature.

Figure 3. 5 ml was placed in anticoagulant-coated tubes and
centrifuged. From the supernatant, the platelet pellet was
obtained.
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The following anesthetic protocol was used: premedi-
cation with atropine sulfate at 1 mg/kg, a 30 mg/kg dose
of ketamine, and midazolan at 0.1 mg/kg, via the intra-
muscular route. Following inhalant premedication, general
anesthesia was induced with isoflurane (5%) and then
maintained 0.5% with the aggregate of a 1 gama/kg
intravenous dose of fentanyl. Antibiotic prophylaxis with
intramuscular enrofloxacin at 0.1 mg/kg was used. All
animals were Kkilled three months after surgery. The
necrotic femoral heads were evaluated with anteropos-
terior X-rays and pathological study. Radiographic control
studies were performed presurgically, immediately after
surgery, three months after surgery, and after the pigs
were sacrificed. The epiphyseal quotient was calculated
dividing maximum epiphysis height by maximum phy-
seal-plate diameter on simple anteroposterior X-rays and
final femur length (see Figure 4).

The femoral heads were sent for pathological evalua-
tion. Section was performed at the level of the central
weight-bearing region. Following decalcification in EDTA,
4-mm-thick slices were fixed and stained with hematoxy-
lin and eosin.

Macro- and micro changes were assessed based on the
following parameters: state of the joint cartilage, physis,
metaphysis, presence of inflammatory changes, and secon-
dary ossifications (see Figure 5).

Statistical Analysis

For statistical analysis, a data registration list was made
in Excel. Descriptive results are reported as mean, median,
and standard deviation. Epiphyseal quotient (EQ), femur
length, and macrochanges of the femoral heads were
evaluated in each gropus. For comparative analysis we

A

Figure 4. Measurement of the epiphyseal quotient (EQ).

Figure 5. Histological section showing changes in vasculari-
zation, fibrosis, and a nucleus of secondary ossification.
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used ANOVA test for independent samples with Bon-
ferroni correction; and Bartlett’s test was used for vari-
ances evaluation between groups. All the analyses and
graphics were carried out with STATA 9.1. (StataCorp.
Texas).

3. Results
3.1. Complications

Two animals died in the postsurgical period. One pig
from group A died 6 weeks postoperatively due to sepsis
of the hip and one pig from group B died immediately
postoperatively because of atypical pneumonia causing
acute respiratory failure. One pig had a postoperative
hematoma in the femur, which resolved without treat-
ment.

3.2. Pathological Findings

All of the surviving pigs (8 animals) developed necrosis
of the epiphysis.Necrotic changes in the bone marrow
and empty trabecular lacunae were observed.The hips of
the animals in group A (Subgroup Al and A2) showed
increased osteoblastic activity and thickened trabiculae, a
higher rate of neovascularization, and focal hyperplasia.
Isolated nuclei of secondary ossification were observed
in three of these animals (see Figures 6 and 7).

In the hips that were not treated with ibandronate
(Group B), areas with increased bone resorption, fibrosis,
and loss of trabecular architecture with irregularities in
the bone distribution were found.

Macroscopically, the femoral heads showed marked

Figure 6. Histological specimen of a hip from group A showing
increased osteoblastic activity and a higher rate of neovas-
cularization.

Figure 7. Histological specimen of a hip from group B showing
loss of trabicular organization and increased bone resorp-
tion.
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differences between groups. They were categorized ac-
cording to the following criteria:

1) Conserved joint surface and sphericity.

2) Conserved sphericity with alteration of the joint sur-
face.

3) Alteration of sphericity and joint surface.

4) Marked deformity of the joint structure.

3.3. Radiological Findings

Final length of the femur was significantly longer in the
group treated with a combination of both therapies (group
Al) and ibandronate alone (group A2) compared to the
group that did not receive the drug (group B1: with
platelet rich plasma and group B2) These differences
were significant statistically (p value < 0.001) (see Table
1 and Graphic 1).

The epiphyseal quotient was similar in both groups A
(with medication) (p < 0.001) and higher than in groups
B without medication. However, no difference was found
between subgroups A at examination four month post-

Table 1. Femur length by groups.

Group Femur length (mm) Mean (£SD) number
B2 10.55 (+0.24) 4
B1 11.5 (£0.22) 4
A2 12.27 (£0.17) 4
Al 12.32 (x0.17) 4

Total 11.66 (+0.76) 16
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Graphic 1. Femur length by groups.

Table 2. Epiphyseal quotient (4 month post-surgery).

Group Epiphyseal quotient Mean (xSD) Freq.
B2 0.56 (+0.22) 4
B1 0.58 (0.19) 4
A2 0.64 (0.13) 4
Al 0.63 (+0.09) 4

Total 0.60 (+0.04) 16
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surgery (see Table 2 and Graphic 2).

The epiphyseal quotient was 0.63 greater in group A
(both subgroups with medication) than in group B without
medication (both subgroups): 0.40. (p < 0.0001). There
were no significant differences with the subgroups
treated with platelet-derived growth factors (subgroups
Al and B1).

All animals that were treated with ibandronate
presented with radiodense bands near the growth-plate
cartilage (see Table 3 and Graphic 3).

4. Discussion

Residual femoral head deformity is the most severe
sequela of ischemic necrosis of the immature femoral
head as it may seriously affect joint survival.
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Graphic 2. Epiphyseal quotient (4 month post-surgery).

Table 3. Epiphyseal quotient (end of the study).

Group Epiphyseal quotient Mean (xSD) Freq.
B2 0.53 (+0.012) 4
B1 0.57 (+0.012) 4
A2 0.63 (+0.012) 4
Al 0.66 (+0.012) 4

Total 0.60 (+0.05) 16
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Graphic 3. Epiphyseal quotient (end of the study).
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The repair process following ischemic necrosis contri-
butes to the development of the deformity. Loss of
trabecular architecture in the early phase of the repair
compromises the structural integrity of the femoral head
with flattening of the osseous epiphysis during weight
bearing. Finally, the bone heals with residual deformity
[6].

There is current evidence that mechanical weakening
of the femoral head and its components, bone and carti-
lage, occurs after ischemic necrosis in the piglet model
[7]. The mechanical properties of the infracted femoral
heads are affected. Histopathological studies of femoral
head samples from patients with Legg-Calvé-Perthes
disease show areas of bone resorption with a lack of new
bone formation [8]. In these kind of patients changes in
bone resorption occur in the fragmentation stage followed
by a repair process consisting of bone-growth stimulation
and bone apposition [9,10]. Effective treatment of ische-
mic necrosis would consist of impeding bone resorption
thus avoiding collapse and deformity. Biphosphonates
inhibit resorption of necrotic bone by osteoclast-medi-
ated bone resorption and improve the preservation of the
infarcted femoral head. This mechanism may contribute
to reduce femoral head deformation and preserve spheri-
city maintaining the structure of the femoral head even in
a rapidly growing animal model. Based on this hypothe-
sis, high doses of ibandronate were used in the present
study (optimal dose for an adult ovariectomized animal:
10 microgram/kg/d) [11]. Ibandronate acid is a biphospho-
nate that inhibits osteoclastic bone resorption and has
proven to be fifty times more potent than pamidronate
and ten times more potent than alendronate [2]. Pamidro-
nate and alendronate did not alter the growth rates of
children with osteogenesis imperfecta and osteoporosis
secondary to diffuse connective-tissue diseases.

In an animal model in rats with surgically induced
osteonecrosis, zolendronic acid treatment resulted in a
significant increase in trabecular number and improved
femoral shape too. Prophylactic zolendronic acid almost
completely preserved the structure of the femoral head
[12,13].

In another study in rats with Perthes-like osteonecrosis,
zolendronic-acid treatment resulted in significant im-
provement of the epiphyseal quotient and the number of
animals with “flat” femoral heads was reduced in treated
groups compared with controls [5]. Preclinical studies
are necessary to determine the effect in children popu-
lation .

In our study, Ibandronate seems to become effective
when revascularization of the necrotic areas initiates,
around three weeks after the ischemic event. Thus,
results were already observed in the first month in the
two groups that received the drug, however, the results in
these groups intensified and became more marked after
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three months of use. Platelet-rich plasma has the poten-
tial to affect cartilage biology, and has been shown to
increase DNA content as well as proteoglycan and colla-
gen synthesis in chondrocytes, had numerous important
limitations at this time due to variability between various
commercial PRP systems and Variability in:

— Platelet recovery

— Growth factor content per platelet

— Inclusion/exclusion of WBCs

— Fibrin content

— Timing of platelet activation

— Kinetics of cytokine release from the PRP [14]. In
this study after the fourth month, a marked difference
was found between the group that received platelet-rich
plasma and those that did not, suggesting a stimulating
effect on neovascularization. This effect was afterwards
concealed by the effect of ibandronate.

5. Conclusion

Radiographic and histological studies showed that iband-
ronate acid preserved the trabecular architecture and
prevented femoral head deformity in the early phase of
ischemic necrosis repair in immature pigs, coinciding
with reports by other authors [3]. Further studies would
be necessary to determine the optimal dose and longterm
effectiveness for the use in pediatric patients. Only slight
changes (femoral length) were observed in the animals
that received platelet-rich plasma in situ. These factors
favored revascularization that was seen only in the first
months of administration.

6. Significance

These findings support the concept that a combination of
antiresorptive and anabolic agents can significantly
improve bone healing and decrease femoral head defor-
mity following ischemic necrosis in fragmentation period
of the Perthes disease.
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