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Introduction

Objective

Methods

• Avascular necrosis (AVN) of the lunate 
(Kienböck’s disease) is a problem for 
which there are few if any treatments 
with predictable satisfactory outcomes.

• No pharmacological options exist to 
treat AVN.

We aimed to assess G-CSF as a treatment modality for thwarting the
progression of AVN in a well-established, IACUC-approved rat model.

We hypothesize that stem cells mobilized into peripheral blood via
G-CSF are able to migrate to AVN-affected areas to help restore
vascularity and promote structural repair of the tissues.

• After obtaining IACUC approval, the left femoral head of 33 mature rats 
was dislocated from the acetabulum. A suture was used to strip the 
periosteal blood supply on the femoral neck to disrupt femoral head 
vasculature and induce AVN.

• Two weeks postoperatively, 6 rats were sacrificed  to characterize the 
degree of AVN. The remaining 27 rats began treatment (Table 1).

• All rats underwent µCT to quantify femoral head volume and aspect 
ratio of the operative femur and non-operative control femurs. 

• Femurs were harvested for histology and cartilage quality was graded 
using a modified Mankin score.

• Immunostaining of Von Willebrand Factor (vWF) was used to quantify 
the abundance of vasculature by measuring the percentage of positive 
staining within the femoral head.

Results

Conclusions

Immunostaining for Von Willibrand factor showed that the low-dose
and saline-treated control groups exhibited a significant loss in
vasculature, whereas the high-dose group did not (Table 4).

Treatment Group Two Weeks 
Postoperative

Four Weeks 
Postoperative

2-week AVN  (n=6) Sacrifice N/A

High Dose G-CSF (n=9) Subcutaneous injection of 
100 µg/kg G-CSF daily for 5 days Sacrifice

Low Dose G-CSF (n=9) Subcutaneous injection of 
10 µg/kg G-CSF daily for 5 days Sacrifice

Saline Control (n=9) Subcutaneous injection of saline 
daily for 5 days Sacrifice

• AVN of the rat femoral head can be induced surgically and confirmatory 
imaging characteristics are seen within two weeks of vascular 
deprivation.

• Morphologic changes indicative of AVN progression were thwarted with 
a low-dose treatment (10 µg/kg) of G-CSF, whereas detrimental 
vascular degeneration was less pronounced with a high-dose treatment 
(100 µg/kg) of G-CSF. 

• Further studies evaluating the potential of G-CSF to mitigate AVN 
progression are warranted.

• Limitations of this study include the relatively short time period between 
treatment and evaluation. A longer time to analysis                             
may have shown larger differences in tissue changes. 

Treatment Group L (mm3) R (mm3) P Valueǂ
2-week AVN 20.30 (1.62) 23.03 (1.52) 0.007*
High Dose 19.98 (2.20) 23.17 (0.80) 0.001*
Low Dose 21.04 (2.19) 22.41 (1.72) 0.063
Saline Control 19.81 (3.44) 22.39 (2.22) 0.003*

Treatment Group L R P Valueǂ
2-week AVN 1.67 (0.06) 1.65 (0.04) 0.419
High Dose 1.79 (0.11) 1.64 (0.05) 0.002*
Low Dose 1.66 (0.05) 1.64 (0.12) 0.521
Saline Control 1.72 (0.10) 1.59 (0.03) 0.006*

Treatment Group L (% Stained) R (% Stained) P Valueǂ
2-week AVN 0.29 (0.14) 0.28 (0.08) 0.903
High Dose 0.10 (0.07) 0.11 (0.07) 0.665
Low Dose 0.08 (0.03) 0.16 (0.08) 0.012*
Saline Control 0.09 (0.04) 0.16 (0.08) 0.015*

The volume of the operative femoral head (left) was significantly less
than the non-operative femoral head (right) in the 2-week AVN group,
high-dose group, and saline control. A statistically significant difference
was not seen in the low-dose group (Table 2).

The aspect ratios of the operative femoral heads was significantly
greater (indicating flattening) as compared to internal controls in both
the high-dose and saline-treated control groups at 4 weeks, while the
low-dose group maintained similar aspect ratios between the operative
and non-operative sides (Table 3).

2-week AVN Saline Control

Low Dose G-CSF High Dose G-CSF

Table 2. Femoral head volume, mean (sd)

Table 3. Femoral head aspect ratio, mean (sd)

Table 4. Von Willibrand factor staining in the femoral head, mean (sd)

Cartilage histologic scores showed minimal changes between the
operative and non-operative sides in each of the four groups. The total
score of the operative femur was significantly greater in the saline-
control and low-dose groups as compared to the 2-week AVN group.

Figure 2. Representative 
femoral head histology 
demonstrating changes 
in the left (AVN-induced) 
femoral head as 
compared to the right. 

Figure 1. G-CSF mechanism
of action: G-CSF mobilizes
stem cells from the bone
marrow and recruits to the site
of injury by exploiting the
CXCR-4/SDF-1 mechanism of
migration and homing

Table 1. Study group treatment and sacrifice time points

ǂPaired test to compare left (operative) and right (control), *P<0.05

ǂPaired test to compare left (operative) and right (control), *P<0.05

ǂPaired test to compare left (operative) and right (control), *P<0.05

• Granulocyte-colony stimulating factor 
(G-CSF), a hematopoietic growth factor 
that causes differentiation and 
proliferation of the bone marrow, has 
been shown to enhance the mobilization 
of marrow-derived mesenchymal and 
hemaetopoetic stem cells into peripheral 
blood, thereby promoting angiogenesis. 
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