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INTRODUCTION

Osteonecrosis of the femoral head (ONFH) is a chronic 
disease with multifactorial etiology, associated with decreased 
blood flow to the femoral head that eventually leads to cellu-
lar death. Due to the complex etiology, the exact mechanisms 
of ONFH pathogenesis are not completely clear and effective 
treatment with good long-term outcomes is yet to be devel-
oped. At the early (precollapsed) stage of ONFH the treat-
ment modalities may include non-operative (e.g.  restricted 
weight-bearing, pharmacological agents and biophysical 
modalities) or operative approach, such as osteotomy and 

core decompression (CD) with or without the addition of 
bone marrow or bone graft, with the ultimate goal to prevent 
the onset of subchondral fracture or collapse. The main treat-
ment option for the postcollapsed stage is total hip arthro-
plasty (THA) [1]. Recent efforts have been focused on the 
specific role of angiogenesis in bone healing, and the use of 
osteoinductive and angiogenic agents (in combination with 
CD) to enhance bone formation and repair, thus preserving 
the femoral head and avoiding hip replacement surgery.

Angiogenic effects of mitogens such as fibroblast and 
epidermal growth factor (FGF and EGF) have been demon-
strated in various in vitro and in vivo studies [2-4]. Moreover, 
EGF was shown to suppress osteoblastic differentiation in cul-
tured rat bone marrow stromal cells by increasing the expres-
sion of EGF receptor (EGFR) [3], to affect the osteogenic 
potential of rat calvaria (RC) cells (i.e.  increase or decrease 
depending on the duration of exposure) [5], and to stimulate 
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ABSTRACT

Angiogenic effects of epidermal growth factor (EGF), a potent mitogen, have been demonstrated previously. Moreover, different in vitro studies 
showed that EGF affects processes associated with bone healing, such as osteoblast differentiation and bone resorption. The aim of this study 
was to investigate the effect of combined core decompression (CD) and recombinant human EGF (rhEGF) treatment on early-stage osteone-
crosis of the femoral head (ONFH) surgically induced in rats. ONFH was induced by dissecting the cervical periosteum and placing a ligature 
tightly around the femoral neck. Thirty rats were assigned to one of the following groups (n = 10 each group): sham-operated control, CD, and 
CD+rhEGF group. rhEGF was injected intraosseously into infarcted areas 2 weeks after the surgery. Preservation of femoral head architecture 
was assessed at 8 weeks post treatment by radiographic and histomorphological analyses. Osteopontin (OPN) and cluster of differentiation 
31 (CD31) were detected by immunochemistry, as indicators of bone remodeling and vascular density, respectively. Inter-  and intra-group 
(non-operated left and operated right femur) differences in radiographic and histomorphological results were analyzed. The femoral head area 
and sphericity were more preserved in CD+rhEGF compared to CD and sham-control group. CD31 levels were significantly different between 
the three groups, and were higher in CD+rhEGF compared to CD group. OPN levels were increased in CD and CD+rhEGF groups compared 
to sham control, but with no significant difference between CD and CD+rhEGF groups. Overall, our results indicate that EGF promotes bone 
formation and microvascularization in ONFH and thus positively affects the preservation of femoral head during healing.
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bone resorption in cultured fetal rat long bone shafts [6]. In 
addition, EGF treatment in human periodontal ligament cells 
(HPDLCs) significantly induced secretion of bone morphoge-
netic protein 2 (BMP-2) and vascular endothelial growth fac-
tor (VEGF), as well as gene expression of interleukin-8 (IL-8) 
and early growth response-1 and -2 (EGR-1/2) indicating that, 
under inflammatory conditions, upregulated EGF has a role in 
the healing of injured PDL tissue [7].

The aim of this study was to investigate the effect of com-
bined CD and recombinant human EGF (rhEGF) treatment 
on early-stage ONFH. We hypothesized that the combination 
of CD with local administration of rhEGF will enhance bone 
formation, repair and angiogenesis following the early stage 
of ONFH. After the induction of ONFH in rats and admin-
istration of treatment 2 weeks later (CD or CD+rhEGF) the 
preservation of femoral head was assessed in sham-operated 
and treatment groups at 8  weeks post treatment, by radio-
graphic and histomorphological analyses. We also analyzed 
the levels of osteopontin (OPN) and cluster of differentiation 
31 [CD31] (also called platelet endothelial cell adhesion mole-
cule [PECAM-1]) by immunochemistry, as indicators of bone 
remodeling and vascular density, respectively.

MATERIALS AND METHODS

Ethics statement

All experiments were conducted in accordance with the 
Ministry of Health of Turkey, the Declaration of Helsinki, 
and the Guide for the Care and Use of Laboratory Animals as 
adopted and promulgated by the National Institutes of Health 
(NIH) of the United States. The Experimental Animal Center 
and Ethics Committee of Suleyman Demirel University 
approved all experimental procedures in this study (Ethics 
number: 21438139-245).

Animals and surgical procedures

Male Sprague–Dawley rats (20 to 24 weeks of age, weigh-
ing 280–370  g) were purchased from the Experimental 
Animal Center, Isparta, Turkey. Animals were handled reg-
ularly for at least one week before surgery and were housed 
in individual cages at 22 °C and 50% humidity placed in con-
trolled rooms with 12 hours light/dark cycle. A prophylactic 
antibiotic (4  mg/kg gentamicin via intramuscular injection 
[i.m.]) was administered to all rats within 60 minutes before 
surgery. Thirty minutes anesthesia was induced with 100 mg/
kg alfamine 10% (Alfasan, Woerden, Netherlands) and 10 mg/
kg xylazine 2% (Bioveta, Ivanovice na Hané, Czech Republic) 
administered intraperitoneally (i.p.). Ischemic osteonecro-
sis was induced in the right femoral head by the application 
of a tight ligature around the femoral neck, as previously 

described  [8]. After the induction of osteonecrosis, rats 
(n = 30) were assigned to three groups as follows: surgi-
cal model as sham-operated control (Group  1, n = 10), CD 
(Group  2, n = 10), and rhEGF+CD group (Group  3, n = 10). 
Two weeks after the induction of ischemia, a repeated arthrot-
omy was performed to visualize the femoral head, and the lig-
atures were tied. At the end of the second week, capsulotomy 
was carried out in control group and the node (ligature) was 
removed. After 8 weeks, rats were euthanized by exsanguina-
tion under anesthesia.

Core decompression and intraosseous 
administration of rhEGF

At the end of the second week, arthrotomy was performed 
after which the femoral head and trochanteric area were 
visualized (Figure 1). CD was performed in Group 2 (n = 10) 
and Group  3 (n = 10). The entry point of the drill hole was 
just below the intertrochanteric crest. A decompression tun-
nel was created between the lateral femoral cortex and the 
center of the femoral head through the femoral neck with a 
0.4 mm drill. The image intensifier is not necessary during the 
procedure, but a drill bit with a depth mark should be used 
to avoid penetrating the femoral head. The intraosseous (i.o.) 
injection of 75 µg rhEGF (Heberprot-P, CIGB, Havana, Cuba) 
was dissolved in 5 ml of 0.9% NaCl (saline). A 28-G needle was 
inserted into the decompression tunnel through the center of 
the femoral head and 0.2 ml rhEGF (3 µg for each rat, n = 10) 
was injected i.o. Drill holes were closed with bone wax after 
the i.o. application of rhEGF. The dose of rhEGF was deter-
mined as 10 µg/kg according to previous studies [9,10].

FIGURE 1. Intraoperative images of rat right femoral head. (A) Skin 
incision and exposure; (B) Arthrotomy and dislocation; (C) Placing 
a ligature tightly around the femoral neck; (D) Creating a decom-
pression tunnel with a 0.4-mm drill; (E) Intraosseous injection of 
rhEGF with a 28 G needle; (F) Skin closure.
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Radiographic analysis

After rats were euthanized, the right and left proximal fem-
ora were harvested and fixed in 10% neutral buffered formalin 
(NBF). The bilateral anterior-posterior and lateral x-ray images 
were obtained for each rat using a Philips Optimus X-Ray 
Generator (Philips Medical Systems, Hamburg, Germany). 
The femurs were oriented in standard anterior-posterior and 
lateral projections in pairs. All images were obtained using the 
exposure settings of 34 kVp and 3.20 mAs from a 1-meter dis-
tance. The femurs were sorted according to the group number 
and a single image was also taken to avoid incorrect measure-
ments. The bone architecture was not evaluated, as we did not 
use micro computed tomography (micro-CT).

Digital images were magnified 150% and measured in 
ImageJ (Java-based image processing program developed by 
the NIH). Radiographic measurements of the femoral head 
were sphericity, area, the widest diameter, and height [a ver-
tical distance from the diameter line to the tip] (Figure 2). To 
determine sphericity, Mose circle [11] measurements were 
taken by a picture archiving communication system (PACS) 
at 40% magnification. Circle measurements were classified as 
spherical, ovoid, or flattened. Sphericity was measured by a 
concentric circle that best fitted the femoral head. The femoral 
head diameter, height, and area were measured in the anteri-
or-posterior x-ray images.

Histological evaluation

Histological and immunohistochemical analyses were 
performed blinded with respect to each other and read inde-
pendently by single investigators. The resected femurs of rats 
were fixed in 10% NBF, then decalcified in 10% ethylenedi-
aminetetraacetic acid (EDTA) for 10 days or in rapid decalci-
fying solution for 12 hours, and finally embedded in paraffin 
blocks. The tissues were longitudinally sectioned at 5 µm and 
the histological sections were obtained at the midline of the 
femoral head. The coronal sections of the right (operated) 
and left (non-operated control) femoral heads were examined 
histomorphologically. The histological sections were stained 

with hematoxylin and eosin (H&E) and analyzed under a light 
microscope. All light microscope images were imported into 
ImageJ software and measured at 150% magnification.

Analysis of vascular density and bone formation by 
immunohistochemistry

Tissues were longitudinally sectioned at 5 µm and placed 
on poly-L-lysine coated slides. Paraffin sections were depar-
affinized before quenching endogenous peroxidase activity. 
After deparaffinization, the sections were treated with sodium 
citrate buffer in a pressure cooker (LabVision Corporation, 
Fremont, CA, USA) at 98 °C for 20  minutes for antigen 
retrieval. Following this procedure, they were cooled at room 
temperature for 20 minutes in citrate buffer and treated with 
distilled water. The sections were treated with H2O2 (hydrogen 
peroxide), incubated for 20  minutes, and then washed with 
phosphate-buffered saline (PBS, pH 7.6). After being blocked 
with Ultra V Block (Thermo Fisher Scientific, Fremont, CA, 
USA), the slides were incubated with OPN rabbit polyclonal 
(1:50; cat.no: RB-9097-P0 Labvision, Thermo Fisher Scientific 
Fremont, CA, USA) and with CD31 rabbit polyclonal (1:100; 
bs-0468R Woburn, Massachusetts, USA) antibody dilution 
for 60 minutes at room temperature. The sections were treated 
with PBS (pH  7.6). The secondary antibody was conjugated 
with biotinylated goat anti-polyvalent (TP-125-BN Labvision, 
Fremont, CA, USA). After being washed with PBS, the sec-
tions were treated with streptavidin peroxidase (TS-125-HR, 
Labvision, Fremont, CA, USA) and then with 3,3’-diami-
nobenzidine (DAB) chromogen for 30  seconds. Then, the 
sections were counterstained with Mayer’s hematoxylin for 
15–60 seconds and carefully washed with distilled water. After 
being treated with ethanol, the sections were dried, placed 
in xylene, and the slides were covered with a cover slip using 
Entellan (Merck, Darmstadt, Germany).

Statistical analysis

Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 20.0. (IBM Corp., Armonk, 

FIGURE 2. Radiographic measurements of infarcted rat right femoral head. (A) Sphericity; (B) Femoral head area; (C) Femoral head diam-
eter (red dimension line) and height (yellow dimension line).
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NY, USA). All data are expressed as the mean ± standard devi-
ation (SD). Nonparametric data were analyzed by the Mann–
Whitney U and Wilcoxon tests. For multiple groups, the dif-
ferences were first analyzed with the Kruskal–Wallis H test 
followed by Bonferroni’s multiple comparison test. Differences 
in mineral densities and remodeling phases were compared 
using Pearson’s chi-squared test. The values of p < 0.05 were 
considered statistically significant. The femoral head diameter, 
height, area, trabecular thickness, subchondral distance, and 
epiphyseal thickness were compared with the Wilcoxon test 
between the right operated and left non-operated hips in each 
group. A power calculation was performed with a confidence 
level of 95% (a = 0.05) and a power (1-b) of 90%, resulting in a 
minimum requirement of 5 rats per group.

RESULTS

The body weights of rats were measured in week 0, week 
2, and week 8 before euthanization. There were no significant 
differences in the rat weight between the groups. The mean 
body weight was 329 ± 24.20 g (n = 30). Two rats from Group 2 
and two rats from Group  3 were excluded from the study 
due to femoral neck fracture. One rat from Group 1 was also 
excluded because of infection in intracapsular fracture of the 
femoral neck.

Radiographic findings

The architecture of the femoral head was partially pre-
served in the group treated with CD+rhEGF (Group  3). 
Representative radiographs are shown in Figure 3. The resorp-
tion of the femoral neck due to tight ligature was observed in all 
groups. According to the Mose circle analysis [11], the femoral 
head was spherical in 11.1% sham-operated control rats (1 out 
of 9), 37.5% (3 out of 8) rats from Group 2 (CD), and 75% (6 out 

of 8) rats from Group 3 [CD+rhEGF] (Figure 3). There were no 
significant differences in the femoral head diameter between 
the groups. The femoral height was significantly decreased in 
Group 1 when compared to Group 2 and 3. There was no signif-
icant difference in the femoral height between Group 2 and 3. 
The mean femoral head area values were significantly lower in 
Group 1 and 2 compared to Group 3 [p < 0.01] (Table 1).

Histological and immunohistochemical 
assessments

Histopathological examination revealed patchy areas char-
acterized by empty osteocyte lacunae and trabecular thinning 
which led to the diagnosis of osteonecrosis. Histological results 
were compared between contralateral left non-operated and 
right operated femoral heads for all three groups (Figure  4). 
Osteonecrosis was not observed in the left femoral heads, 
while it was observed in all surgically induced femurs (100%). 
Trabecular thickness, subchondral distance, and epiphysis 
thickness were averaged from three different measurement 
points in each rat. There was no significant difference in the 
trabecular thickness between the three groups. The subchon-
dral distance was significantly reduced in Group 1 and 2, but 
largely preserved in Group 3 (Table 2) [p = 0.004].

Immunohistochemical results are summarized in Table 3. 
OPN levels were similar between Group 2 and 3 (p = 0.435), 
but were lower in Group 1 compared to the other two groups 
(p = 0.001). These findings suggest that in the groups treated 
with CD (with or without rhEGF) the level of mineralization 
was higher in the femoral head compared to sham-operated 
control group. Mineral densities and remodeling phases were 
determined based on OPN staining for each group and statisti-
cally analyzed. Pearson’s chi-squared test was conducted to test 
the differences between groups. CD31 staining was performed 
to evaluate neovascularization in Group  1-3 (Figure  5). The 

FIGURE 3. Representative radiographs of rat right femoral head after the induction of osteonecrosis and application of treatments. (A) 
Sham-operated control (Group 1); (B) CD (Group 2); (C) CD+rhEGF group (Group 3). The sphericity was markedly preserved in Group 3. 
rhEGF: Recombinant human epidermal growth factor; CD: Core decompression.
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TABLE 1. Effects of CD and CD+rhEGF treatment on infarcted right rat femoral head as assessed by radiographic analysis

Femoral head measure Group 1
(Sham-operated control)

Group 2
(CD)

Group 3
(CD+rhEGF) p

Right femoral head diameter (mm) 8.06±0.60 8.05±0.32 8.23±0.29 0.067
Right femoral head height (mm) 3.16±0.28ª 4.24±0.24b 4.45±0.25b <0.001
Right femoral head area (mm2) 17.74±1.18ª 18.22±1.11ª 20.68±1.12b <0.001

Results are presented as mean±standard deviation. ªgroup 1 vs. group 2 and bgroup 1 vs. group 3 indicate a statistically significant difference. 
rhEGF: Recombinant human epidermal growth factor; CD: Core decompression.

TABLE 2. Effects of CD and CD+rhEGF treatment on infarcted right rat femoral head as assessed by histomorphological analysis

Femoral head measure Group 1
(Sham-operated control)

Group 2
(CD)

Group 3
(CD+rhEGF) p

Trabecular thickness 13.98±3.99 13.04±2.22 14.88±2.37 0.196
Subchondral distance 163.33±20.77ª 171.75±17.61ª 192.50±13.17b 0.004
Epiphyseal thickness 32.11±14.23 37.50±18.71 47.50±13.39 0.103

Results are presented as mean±standard deviation. ªgroup 1 vs. group 2 and bgroup 1 vs. group 3 indicate a statistically significant difference. 
rhEGF: Recombinant human epidermal growth factor; CD: Core decompression.

TABLE 3. Effects of CD and CD+rhEGF treatment on infarcted right rat femoral head as assessed by immunohistochemical analysis of 
CD31 and OPN

Marker Result Group 1 
(Sham-operated control), n (%)

Group 2  
(CD), n (%)

Group 3 
(CD+rhEGF), n (%) p

OPN
No increase 8 (88.9) 1 (12.5) 0 (0)

0.001Slight increase 1 (11.1) 2 (25) 1 (12.5)
Significant increase 0 (0) 5 (62.5) 7 (87.5)

Total 9 (100) 8 (100) 8 (100)

CD31
No increase 8 (88.9) 5 (62.5) 1 (12.5)

0.001Slight increase 1 (11.1) 3 (37.5) 3 (37.5)
Significant increase 0 0 4 (50)

Total 9 (100) 8 (100) 8 (100)

rhEGF: Recombinant human epidermal growth factor; CD: Core decompression; OPN: Osteopontin; CD31: Cluster of differentiation 31.

FIGURE 4. Photomicrographs (hematoxylin and eosin, 40-400×) of rat femoral heads 8 weeks after the induction of osteonecrosis and 
application of treatments. Right - operated femoral head; Left - non-operated contralateral femoral head. rhEGF: Recombinant human 
epidermal growth factor; CD: Core decompression. Group 1: Sham-operated control; Group 2: CD; Group 3: CD+rhEGF.
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immunohistochemistry results showed that CD31 levels were 
significantly different between the three groups (p = 0.001), 
and were higher in Group 3 compared to Group 2 (p = 0.036). 
These findings indicate that neovascularization was increased 
in the group treated with CD+rhEGF (Group 3).

Finally, we compared the radiographic findings between 
contralateral left non-operated and right operated femoral 
heads for all three groups, and these results are presented in 
Table 4. The height loss of the right femoral heads compared 
with the left non-operated heads was 25% in Group 1, 22% in 

Group 2, and 2% in Group 3. The differences between oper-
ated and non-operated femurs in Group 1 and 2 were signif-
icant for femoral head area and subchondral distance, and in 
all three groups for epiphyseal thickness. In Group 2, trabec-
ular thickness was also significantly different between the left 
and right femurs. In Group 3, differences were not significant 
between the left and right hips except for femoral head height 
and epiphyseal thickness, indicating that the femoral heads 
were well preserved after CD+rhEGF treatment in Group  3 
(Figure 6).

TABLE 4. Comparison of radiological and histomorphological findings between operated right and non-operated left rat hips in each 
group

Groups/Femoral head measure
Operated right hip Non-operated control left hip

p
Mean±SD n Mean±SD n

Group 1 (Sham-operated control)
Femoral head diameter (mm) 8.06±0.60 9 8.31±0.45 10 0.097
Femoral head height (mm) 3.16±0.28 9 4.21±0.32 10 0.008
Femoral head area (mm2) 17.67±1.23 9 21.90±1.64 10 0.008
Trabecular thickness 3.66±0.18 9 3.71±0.20 10 0.374
Subchondral distance 163.375±22.16 8 209±16.63 10 0.012
Epiphyseal thickness 32.11±14.23 8 64.90±9.72 10 0.012

Group 2 (CD)
Femoral head diameter (mm) 8.12±0.27 8 8.32±0.23 10 0.093
Femoral head height (mm) 3.31±0.32 8 4.24±0.24 10 0.012
Femoral head area (mm2) 18.23±1.25 8 20.43±2.15 10 0.012
Trabecular thickness 3.55±0.16 9 3.65±0.14 10 0.028
Subchondral distance 175.50±12.27 8 211.50±19.44 10 0.012
Epiphyseal thickness 36.87±20.17 8 67.50±6.77 10 0.012

Group 3 (CD+rhEGF)
Femoral head diameter (mm) 8.47±0.29 8 8.53±0.19 10 0.107
Femoral head height (mm) 4.38±0.19 8 4.45±0.25 10 0.025
Femoral head area (mm2) 20.68±1.21 8 20.82±1.16 10 0.093
Trabecular thickness 3.77±0.26 8 3.85±0.17 10 0.080
Subchondral distance 191.87±12.52 8 207.70±29.64 10 0.176
Epiphyseal thickness 48.75±14.82 8 69.00±10.49 10 0.011

Values of p<0.05 were considered statistically significant. rhEGF: Recombinant human epidermal growth factor; CD: Core decompression.

FIGURE 5. Immunohistochemical staining of CD31 (A-C) and OPN (D-F) in infarcted rat right femoral heads after treatments. (A and D) 
Group1: Sham-operated control group; (B and E) Group 2: CD group; (C and F) Group 3: CD+rhEGF group. CD31: Cluster of differentiation 
31; OPN: Osteopontin; rhEGF: Recombinant human epidermal growth factor; CD: Core decompression.
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DISCUSSION

ONFH is a pathological process that occurs in the femoral 
head under specific conditions and, at the advanced stage od 
disease, it progresses to the fracture of subchondral bone, col-
lapse and permanent deformity of the femoral head [12,13]. 
Although many etiological factors (traumatic and non-
traumatic) have been associated with the onset of ONFH, 
the pathological mechanism is still not well understood. 
Nevertheless, a decreased vascular supply to the subchondral 
bone of the femoral head has been recognized as the under-
lying cause of osteocyte death in ONFH. The treatment may 
include surgical (CD, bone grafting, osteotomy, arthroplasty) 
and/or pharmaceutical (bisphosphonates, iloprost, statins) 
approach [12,14-16]. CD was first described by Hopson and 
Siverhus in 1988 [12], and since then, it has been commonly 
used in the treatment of early-stage ONFH (stage 1-2). 
Recently, Zhao and Yu [17] showed that in ONFH resulting 
only from venous stasis, CD led to better clinical outcomes 
compared to patients who had venous stasis combined with 
artery blood supply insufficiency for which long-term effi-
cacy was not successfully achieved after CD. The authors 
emphasized the importance of evaluating hemodynamics 
changes in ONFH patients prior to treatment selection [17]. 
THA is a common treatment for end-stage osteonecrosis 
with articular collapse. However, total hip replacement is an 
unsuitable option for young and active population, and thus, 
the ultimate goal of ON treatment is to prevent the devel-
opment of femoral head deformity at early stages [13,18,19]. 
With this regard, recent studies have been focused on the role 
of angiogenesis in bone healing and the use osteoinductive 
or angiogenic agents to enhance bone formation and repair 

and thus preserve the femoral head [8,20-23]. However, in 
our opinion, a more comprehensive approach is needed for 
the treatment of ONFH, which would target all aspects of 
bone healing process including the specific microenviron-
ment, osteogenic differentiation of mesenchymal stem cells 
(MSCs), balance between bone resorption and formation, 
and related signaling pathways.

Angiogenic factors produced by osteoclasts, osteoblasts 
and osteocytes in the bone remodeling compartment (BRC) 
can regulate local endothelial cells and pericytes, and thus 
have a role in directional angiogenesis and maintenance of 
blood supply above BRC canopies during the bone remod-
eling cycle. These factors, among others, include VEGF, basic 
fibroblast growth factor (bFGF), BMP7, receptor activator of 
NF-kB ligand (RANKL) and EGF-like family members, where 
EGF-like members possibly have a crucial role in the commu-
nication between osteoblasts, osteoclasts and endothelial cells 
during the remodeling cycle [2,24].

Moreover, EGF-like ligands, among other types of mol-
ecules, are involved in the regulation of proliferation, differ-
entiation, and survival of osteoprogenitor cells from which 
mature osteoblast arise. These molecules are well-known 
potent mitogens for MSCs and osteoprogenitors, and they 
exert their activity through EGFR [25]. In transgenic (deletion 
of the EGFR genomic locus) and pharmacologic (inhibition of 
EGFR in wild-type phenotype) mouse models, Zhang et al. [4] 
observed that the modified EGFR activity led to a decrease in 
trabecular bone mass/volume, decrease in osteoblast number 
and mineralization activity, increase in osteoclast number, and 
fewer bone marrow MSC and progenitor cells; the authors 
indicated an anabolic role of EGFR signaling in bone metab-
olism [4].

FIGURE 6. Coronal sections of (A) non-operated left rat femoral head without signs of necrosis and (B) infarcted right rat femoral head in 
group treated with CD+rhEGF (Group 3). As compared with the left side, osteoblastic activity and angiogenesis (lines with arrows) could 
be observed in the bone marrow of femoral head in CD+rhEGF-treated group. Trabecular thickness (dimension line), secondary ossifica-
tion centers, and bone marrow (line with square) were also well preserved. Metaphyseal area was partly replaced with fibrous tissue (line 
with empty circles). rhEGF: Recombinant human epidermal growth factor; CD: Core decompression.
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In our study, the comparison of radiographic findings 
between contralateral left non-operated and right operated 
hips showed that the femoral heads were better preserved 
in CD+rhEGF treated group compared to the sham and CD 
groups. For example, the height loss of the right femoral heads 
was the lowest in CD+rhEGF and there was no significant dif-
ference between operated and non-operated hips for the fem-
oral head area and subchondral distance in this group. We also 
observed increased OPN levels in CD and CD+rhEGF groups 
compared to sham control, but with no significant difference 
between CD and CD+rhEGF groups. Although these data 
indicate that EGF administered i.o. does not cause a significant 
increase in OPN levels, repetitive applications or sustained 
release of EGF may cause significant changes in OPN levels.

Other molecules such as cartilage oligomeric matrix 
protein angiopoietin-1 (COMP-Ang1), hyperbaric oxygen, 
 zoledronate, alendronate, low molecular weight heparin (enox-
aparin), VEGF, and CD34+ cells administered intravenously 
were demonstrated to be effective in the treatment of experi-
mentally induced ONFH [8,18,20,26-30]. However, these find-
ings still need validation in clinical practice. Moreover, Wang 
et al. [31] showed that osteoblast differentiation and mineral-
ization were accelerated, and consistently osteoblastic marker 
gene expressions (e.g., OPN and osteocalcin) were increased 
in MC3T3-E1  cells cultured on mesoporous bioactive glass 
(MBG)-NH2/EGF, apparently through the extracellular sig-
nal-regulated kinase (ERK)-activated Runx2 pathway [31].

Park et al. [8] showed that in surgically induced isch-
emic necrosis of the femoral head in rats, the angiogenic 
factor COMP-Ang1, injected i.o., preserved the trabecular 
framework of the osseous epiphysis, promoted angiogen-
esis (i.e.,  higher levels of vascularity were observed in the 
secondary ossification center of the femoral heads based on 
the detection of factor VIII on endothelial cells and measure-
ment of vascular densities), and stimulated bone remodel-
ing  [8]. Similarly, we observed significantly different CD31 
levels between the three groups; moreover CD31 levels were 
higher in CD+rhEGF compared to CD group, indicating that 
increased neovascularization in the femoral head was asso-
ciated with EGF. Which compound (COMP-Ang1 or EGF) 
might be superior in the treatment of ONFH needs further 
investigation. However, we also observed no significant dif-
ference in the epiphyseal thickness between the three groups 
and this may be explained by the small sample size used in our 
study.

CONCLUSION

The femoral head area and sphericity were more pre-
served in CD+rhEGF compared to CD and sham-control 
group. Although there was a significant decrease in the 

femoral head height in CD+rhEGF group, the subchondral 
distance appeared to be largely protected. No statistical dif-
ference was observed in the femoral head area, subchondral 
distance and trabecular thickness between left non-operated 
and right operated hip in CD+rhEGF group. The CD31 lev-
els were significantly different between the three groups, and 
were higher in CD compared to CD+rhEGF group, suggest-
ing that a significant increase in neovascularization may not 
be achieved with CD alone. Overall, our results indicate that 
EGF promotes bone formation and microvascularization 
in ONFH. The positive effect of recombinant EGF has been 
demonstrated in non-healing wounds of diabetic patients and 
the results of our study suggest that EGF may also be applied 
in osteonecrotic lesions. In ongoing research on therapeutic 
application of stem cells and growth factors in tissue repair 
and healing, special attention should be given to the role of 
EGF and EGF-like factors.
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