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Abstract

Aseptic necrosis of the femoral head is a condition caused by partial or total interruption of blood supply to the femoral head. The diminished
blood supply causes necrosis of the cellular elements and of the bone marrow, followed by the collapse of the bone structure, events that
ultimately lead to the destruction of the bone tissue, the appearance of local pain and loss of function in the affected coxofemoral joint. The
importance of this condition is that it mainly affects young adults aged 30-50 years, active from a socio-professional standpoint, and
increased life expectancy. The material studied to achieve CD68 immunostaining was represented by bone fragments from the area of
necrosis and from the adjacent areas of the femoral heads, harvested from 39 patients when performing hip arthroplasty surgery. The patients
were diagnosed with aseptic necrosis of the femoral head and hospitalized in the Clinic of Orthopedics and Traumatology, Emergency
County Hospital of Craiova, Romania, from June 2014 to January 2015. The 39 patients included in the study were divided into four
categories according to presented risk factors (alcohol, alcohol and smoking, trauma, corticosteroids). All the 39 cases had positive
immunostaining for CD68, macrophage being highlighted both in the area of necrosis and in the adjacent areas. We noted significant
differences in the number and arrangement of macrophages in patients presenting different risk factors. The highest number of macrophages
was present in patients presenting a risk factor corticosteroids, and the lowest number of macrophages was found in patients who had

trauma as the main risk factor.
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=& Introduction

Currently, the aseptic necrosis of the femoral head is
a common cause of developing musculoskeletal disability,
found among the young, with both diagnoses and treat-
ment problems [1].

Concrete data on the incidence and prevalence of
this disease are poorly known in our country, but it is
known that in recent years there has been an increase in
hip replacements in patients diagnosed with this condition.
Internationally, in the last 20 years the incidence of this
disease has significantly regrown on the one hand due to
an increase in drinking, smoking, patients who received
treatment with corticosteroids, patients who have under-
gone organ transplants and partly because of the wide-
spread use of new diagnostic imaging techniques and
increased interest for this condition. Trauma is the most
common cause of developing secondary aseptic necrosis
of the femoral head [1, 2], followed by alcohol and
corticosteroids [1].

Aseptic necrosis of femoral head mainly affects young
adults, who are between the 3™ and 5™ decade of life [1—
6]. It is believed that aseptic necrosis of femoral head
affects men four times more than women [1, 2, 5, 6].

Aseptic necrosis of femoral head shows no clinically
characteristics. In the early stages of the disease, patients are

usually asymptomatic. In most patients, clinical signs of
the disease can be detected a few years after its occurrence
[1-3, 7].

Imaging investigations are the basis upon which diag-
nosis of this condition is achieved. Imaging tools used
in the diagnosis of aseptic necrosis of the femoral head are
plain X-ray in various incidences, magnetic resonance
imaging (MRI), computed tomography (CT), bone scan,
computed tomography single-photon emission (SPECT) [8].

MRI is a non-invasive imaging technique with the
highest degree of specificity and sensitivity used in the
diagnosis of aseptic necrosis of the femoral head [1, 2,
5, 8, 9]. In the early stages is more effective than simple
CT or SPECT, with a degree of increased specificity in
the detection of the condition of up to 90% [8, 10].

& Materials and Methods

The studied group was represented by a total of 39
patients diagnosed with aseptic necrosis of the femoral
head, stages III and IV (Liver and Arlet classification),
admitted to the Clinic of Orthopedics and Traumatology,
Emergency County Hospital of Craiova, Romania, during
June 2014—January 2015 investigated with non-invasive
imaging techniques (simple X-ray, MRI, CT), after which
they underwent hip arthroplasty surgery.
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Data regarding age, gender, origin, previous medical
history, risk factors, the onset of clinical symptoms,
duration of symptoms until presenting for a checkup,
evolutionary stage of the disease, clinical diagnosis,
imaging diagnosis, and number of days of hospitalization
necessary after performing surgery were obtained from
patient charts.

Note that this study has obtained approval from the
Ethics Committee of the University of Medicine and
Pharmacy of Craiova. Each patient signed an informed
consent, they were previously handed a form in which
they were presented all the information related to the
participation in the study, further use of biological material
collected during surgery and use of personal data.
Clinical data and the collection of biological material
were achieved after obtaining written informed consent
from the patients.

The biological material used in the study was bone
tissue form the necrosis area and adjacent ones, harvested
from the head and neck of the femur of the 39 patients,
collected when performing hip arthroplasty. Biological
material was initially cut into thin longitudinal slices,
which were photographed for macroscopic imaging, in
order to do a correlation between macro and microscopic
appearance of the sections analyzed.

The biological material was fixed in formalin,
decalcified in trichloroacetic acid solution, and finally
embedded in paraffin, stained with conventional histo-
logical methods, Hematoxylin—Fosin and trichrome based
(Goldner—Szekely).

To highlight immunohistochemical tissue antigens a
two-staged method was used based on a polymer network
visualization system (Dako EnVision). Immunohisto-
chemistry technique itself consisted of a standard algorithm,
with some variation depending on the antibodies used.
The antibody used for immunohistochemical study to
highlight the macrophage reaction was represented by
CD68 (monoclonal antibody, clone KP1, 1:50 dilution,
Dako manufacturer).

=& Results

The 39 patients included in the study, with ages
between 23 and 58 years and a gender ratio of 3.2:1
male to female, were divided according to the main risk
factors they presented into four subgroups, as follows.
Subgroup I consisted of 10 patients who presented as a
risk factor alcohol consumption. In subgroup II were
included eight patients that had as main risk factor alcohol
consumption and smoking. Subgroup III included 12
patients who had suffered physical trauma in their history
and the nine patients in subgroup IV were treated with
corticosteroids for variable periods (Dexamethasone or
Prednisolone), which is considered the main risk factor
that led to the occurrence of the disease.

In the slices from patients diagnosed with aseptic
necrosis of the femoral head presenting excessive alcohol
consumption as a risk factor, we noticed massive des-
truction of bone tissue in the area of necrosis, having
been replaced by fibrous tissue. The revealed fibrous
tissue does not show homogeneous appearance, being
different from one area to another. We noticed many areas
macrophage-type cells in the fibrous, but also areas

where their number was reduced or where missing. In the
fibrous tissue numerous adipocytes are disseminated,
most of which with hypertrophied appearance. In areas
with high density of adipocytes, we noticed the absence
of macrophages. Macrophages can be highlighted in
small number also in the transition zone between fat and
fibrous tissue. In some areas, the fibrous tissue looks
uneven with collagen fibers in a messy arrangement,
sometimes chaotic. At this level, a large number of
macrophages are observed. In some areas, we observed
the appearance of dense fibrous tissue with collagen fibers
with similar sizes and shapes arranged in ordered bundles.
In these areas, macrophage cells are rarely present or
absent. We noticed that as the fibrous tissue becomes
more organized, macrophage-type cells disappear from
the lesion area (Figures 1-3).

On slides from patients diagnosed with aseptic necrosis
of the femoral head presenting prolonged consumption
of alcohol and smoking as a risk factor, we observed
massive destruction of bone tissue in the area of necrosis
and it being replaced by fibrous tissue. In these patients,
we observed a small number of macrophages cells,
disseminated throughout the fibrous tissue. Fibrous tissue,
observed on slides from patients presenting alcohol
consumption and smoking as a risk factors, is well
organized, rich in collagen fibers with rare disseminated
adipocytes. In some areas of fibrous tissue, adipocytes
are absent. In areas with dense fibrous tissue, we noticed
a very small number of macrophages or their absence
(Figures 4 and 5).

In patients presenting trauma as a risk factor, we
noticed besides the destruction of the bone tissue, large
areas of erosion in the cartilage tissue adjacent to the
necrosis area. In these patients, we observed a small
number of macrophages both in the fibrous tissue and in
the area of erosion of the cartilage overlying the area of
necrosis (Figure 6).

In patients presenting corticosteroid therapy as a risk
factor, we observed bone modification and narrowing of
the trabeculae, widening of areolar cavities bounded by
them, and normal tissue being replaced with fibrous tissue
and the presence of adipocytes at this level. In the areolar
cavities, we noted the presence of numerous macrophage
cells. In these patients, we noted a large number of
macrophages disseminated throughout the fibrous tissue,
whether the collagen fibers were orderly layered or dis-
organized. We noticed, however, areolar cavities containing
extended fibrous tissue with no macrophage cells present
(Figure 7).

In patients who presented corticosteroids as the main
risk factor, we noticed besides the presence of numerous
macrophages in the fibrous tissue their particular provision,
in large groups, around endosteum. On some slices, we
have noted the presence of numerous blood vessels with
sclerotic appearance and mainly perivascular disposition
of macrophages in the fibrous tissue. We noticed, however,
a decrease in the number of macrophage cells, near blood
vessels in certain areas. We highlighted in most of these
patients massive erosion of the cartilage tissue overlaying
the area of necrosis. In the area of cartilage erosion, we
noted the presence of numerous macrophages, showing
intense lysosomal activity (Figures 8 and 9).
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Figure 1 — Overview of fibrous tissue, an area with Figure 2 — An area occupied predominantly by fat
chaotic collagen bundles, macrophages of different cells, it can be noticed the absence of macrophages.
dimensions. CD68 immunostaining, x100. CD68 immunostaining, x100.
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Figure 3 — A detail from the dense fibrous tissue areas Figure 4 — Detail from an area of fibrous tissue, rare

rich in collagen fibers organized in bundles, rare macrophage-type cells. CD68 immunostaining, x200.

macrophage-type cells. CD68 immunostaining, x200.
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Figure 5 — Well-organized area of fibrous tissue rich in Figure 6 — Few macrophage-type cells located in the

= // ///' /(A

collagen fibers, it is noted the presence of a single area of erosion of the cartilage. CD68 immunostaining,

macrophage cell. CD68 immunostaining, x200. x200.
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Figure 7 — Macrophage-type cells are unevenly distributed
in the area of fibrous tissue. CD68 immunostaining, x200.

numerous macrophages. CD68 immunostaining, x40.

= Discussion

All 39 cases had positive immunostaining for CD68,
macrophage cells being highlighted both in the area of
necrosis and in the adjacent areas, corresponding to the
data found in the literature. A recent study revealed the
presence of macrophages in patients diagnosed with
aseptic necrosis of the femoral head in the bone tissue
and the synovial tissue [11].

Another study has demonstrated the presence of
macrophages, in the area of necrosis that occurs in some
patients, in the contact area between the metal hip
prosthesis and the bone it is implanted in [12].

In patients presenting a risk factor like corticosteroids
(Dexamethasone, Prednisolone), we observed bone modi-
fication and bay narrowing, widening of areolar cavities
defined therein, the replacement of normal tissue with
fibrous tissue and the presence of excess adipocytes at
this level, especially of the hypertrophied appearance.

Several hypotheses regarding aseptic necrosis of
femoral head induced by glucocorticoids is based on
pathophysiological mechanisms such as small vessel
occlusion due to fat emboli and the decrease in blood flow
to the capillary due to increased intraosseous pressure
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Figure 8 — Dense fibrous tissue, collagen fibers organi-

zed in bundles, numerous macrophage-type cells with
perivascular disposition. CD68 immunostaining, x400.

caused by fat cell infiltrate determined by corticosteroid
therapy. There were many changes of lipid metabolism
observed in patients who received long-term corticosteroid
therapy [13, 14].

Some studies have shown that Dexamethasone admi-
nistered for different time intervals is likely to induce
differentiation of the stem cells of the bone marrow into
adipocytes and inhibiting the process of bone formation
[15-18]. Adipocyte hypertrophy was noted in patients
undergoing treatment with Dexamethasone even after five
days [19]. Dexamethasone has been shown to inhibit the
expression of type I collagen and osteocalcin, suppression
of stem cell differentiation from bone marrow into osteo-
blasts [15].

Prednisolone therapy has a proven role in reducing
bone density and reduction of trabecular bone [20].
Mesenchymal stem cells taken from patients diagnosed
with aseptic necrosis of femoral head induced by gluco-
corticoids have a low proliferative activity, which may
explain the reduced capacity of bone matrix regeneration
in these patients [21].

Treatment with lipid lowering agents can counteract
the inhibitory effect of the steroid on osteoblast gene
expression [22]. These findings have been demonstrated
both in vitro and in vivo [22, 23]. It was found that aseptic
necrosis of femoral head induced by glucocorticoids can
be explained due to increased intraosseous pressure due
to excessive accumulation of adipocytes in the bone
marrow or a change in the differentiation of stem cells
from the bone tissue excess into adipocytes, mechanisms
that contribute to reducing the number of stem cells
available for the production of osteoblasts, and ultimately
lead to inadequate bone repair and remodeling of necrotic
areas.

In samples from patients diagnosed with aseptic
necrosis of the femoral head who presented a risk factor
like excessive alcohol consumption, we noticed massive
bone tissue destruction in the area of necrosis of and its
replacement by fibrous tissue. Within the fibrous tissue
there are disseminated numerous adipocytes, most of
them hypertrophied.

Alcohol induces a significant increase in the level of
triglycerides and cholesterol, fatty infiltration of the bone
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marrow and liver. In the subchondral femoral head area
in patients diagnosed with aseptic necrosis of the femoral
head, we observed proliferation and hypertrophy of
adipocytes. Triglyceride storage in the osteocytes lead
to pyknosis and increased growth rate of areolar cavities
without osteocytes.

Several studies have shown that alcohol plays an
important role in proliferation and adipocyte hypertrophy,
fatty degeneration osteocytes and bone bays modifica-
tion issues by reducing the number and appearance of
narrowed trabecular areas. Even if a significant propor-
tion of patients with aseptic necrosis of the femoral head
primary risk factor in the development of the disease is
the alcohol consumption, producing pathophysiological
mechanisms leading to disease are not yet sufficiently
known, which contributes to the lack of effective therapies
[24-29]. Alcohol consumption and the incidence of aseptic
necrosis of the femoral head have a significant dose—
effect relationship [30].

Adipocyte proliferation, decreased hematopoiesis, in
excess storage of lipids in the osteocytes, bone marrow
necrosis, reducing the number and size of trabecular
bone are phenomena that occur from the early stages of
aseptic necrosis of femoral head induced by excessive
alcohol consumption and corticosteroids [28, 29, 31, 32].

The exact amount of steroids or alcohol needed to
induce aseptic necrosis of femoral head is unknown. It
seems that a more important risk factor than cumulative
dose or duration of steroid treatment is the serum con-
centration of steroid use. There is a strong association
between the total daily dosage and oral administration
(as opposed to parenteral administration) of corticosteroids
in patients with aseptic necrosis of the femoral head.
Most cases occur after oral administration of high doses
of steroids for more than one month, although there are
rare cases, which occurred after the administration of
therapy in a much shorter period [33]. Specific changes
for aseptic necrosis of the femoral head were observed
using nuclear magnetic resonance even at an interval of
three months from the cessation of therapy with high
doses of Prednisolone (4—8 weeks treatment) [34]. These
changes were highlighted long before the onset of
symptoms of the disease.

Multiple studies have shown that both corticosteroid
therapy, and chronic alcohol consumption leads to ace-
lerated adipocyte growth at the expense of osteoblast
proliferation. Although the molecular mechanisms differ
between the two substances involved in the development
of the disease, the consequences such as an increase in
the number of adipocytes in bone marrow cells, vascular
damage and the reduction of repair capabilities finally
leads to occurrence of cell death in the bone tissue. The
role of a genetic predisposition that underlies the emer-
gence of the disease has not been fully elucidated, but it
could explain why some chronic alcohol consumption or
some patients undergoing long-term therapy with high
doses of steroids do not develop the disease [35, 36].

In patients presenting a risk factor like trauma, we
noticed besides bone destruction, the emergence of large
areas of erosion in the cartilage tissue adjacent to the area
of necrosis. In these patients, we observed a small number
of macrophages both in the fibrous tissue and in the area
of erosion of the cartilage overlying the area of necrosis.

Trauma is the most common secondary cause of
developing aseptic necrosis of femoral head [37]. A change
in blood supply to the femoral head causes vascular
necrosis. Another mechanism in the genesis of femoral
head necrosis is tamponade effect. Aseptic necrosis of
the femoral head may be asymptomatic for a long time,
even in patients in whom femoral head collapse has
already occurred [38]. The area of necrosis may contain
areas with richly vascularized connective tissue. In the
prevailing fibrous tissue transition area, we can find
intravascular thrombi and fibrin clots. In these areas,
we can observe collapsed blood vessels surrounded by
fibrous tissue [38].

The samples from patients diagnosed with aseptic
necrosis of the femoral head presenting prolonged
consumption of alcohol and smoking as a risk factor, we
observed massive destruction of the bone tissue in the
area of necrosis and its replacement by fibrous tissue,
with rare disseminated adipocytes at this level. In areas
with dense fibrous tissue, we noticed a very small number
of macrophages or their absence.

A significantly increased risk of developing the disease
was found in smokers. As regards the causal link between
smoking and the onset of the disease, several studies
have confirmed the association between the effects of
smoking as the only risk factor or associated to excessive
alcohol consumption [26, 39].

& Conclusions

All the 39 cases in the study group had positive
immunostaining for CD68, macrophage cells being high-
lighted both in the area of necrosis and in the adjacent
areas. The most intense macrophage response was observed
in patients presenting corticosteroids as a risk factor,
and the lowest number of macrophages was revealed in
patients whose main risk factor was trauma. Numerous
adipocytes were highlighted in patients presenting excessive
alcohol consumption and corticosteroids as a major risk
factor. In all patient subgroups, we noticed decrease or
disappearance of macrophage-type cells as fibrous tissue
from the lesion area became more organized.

Conflict of interests
The authors declare that they have no conflict of
interests.

Acknowledgments

This paper is supported by the Sectorial Operational
Programme Human Resources Development (SOP HRD),
financed from the European Social Fund and by the
Romanian Government under the contract number
POSDRU/159/1.5/S/132395.

References

[1] Aiello MR, Chew FS. Imaging in avascular necrosis of the
femoral head. Available at http://emedicine.medscape.com/
article/386808, updated Mar 12, 2014.

[2] Levine M, Rajadhyaksha A. Hip osteonecrosis. Available at
http://emedicine.mdscape.com/article/1247804, updated May 1,
2012.

[3] Tofferi JK, Gillland W. Avascular necrosis. Available at http://
emedicine.medscape.com/article/333364, updated Jun 21,
2014.

[4] Mont MA, Hungerford DS. Non-traumatic avascular necrosis
of the femoral head. J Bone Joint Surg Am, 1995, 77(3):
459-474.




168 Diana Kamal et al.

[5] Orban HB, Cristescu V, Dragusanu M. Avascular necrosis
of the femoral head. Maedica J Clin Med, 2009, 4(1):26-34.

[6] Parvizi J. High-yield orthopaedics. Elsevier—Saunders, Phila-
delphia, 2010, 45-46.

[71 Kelly JD, Sherwin SW. Femoral head avascular necrosis.
Available at http://emedicine.medscape.com/article/86568,
updated Feb 28, 2010.

[8] Kamal D, Traistaru R, Kamal CK, Alexandru DO, Mogoanta L,
Grecu DC. A case of bilateral aseptic necrosis of the femoral
head. Curr Health Sci J, 2014, 40(4):289-292.

[9] Malizos KN, Karantanas AH, Varitimidis SE, Dailiana ZH,
Bargiotas K, Maris T. Osteonecrosis of the femoral head:
etiology, imaging and treatment. Eur J Radiol, 2007, 63(1):
16-28.

[10] Domenech B, Railhac JJ, Chiron P, Marzieres B. The place
of imaging in the diagnosis of idiopathic osteonecrosis of
the femoral head. Maitrise Orthopédique, 2001, 105:57-88.

[11] Rabquer BJ, Tan GJ, Shaheen PJ, Haines GK 3%, Urquhart AG,
Koch AE. Synovial inflammation in patients with osteonecrosis
of the femoral head. Clin Transl Sci, 2009, 2(4):273-278.

[12] Gravius S, Mumme T, Delank KS, Eckardt A, Maus U,
Andereya S, Hansen T. Immunohistochemical analysis of
periprosthetic osteolysis in aseptic loosening of hip arthro-
plasty. Z Orthop Unfall, 2007, 145(2):169-175.

[13] Miyanishi K, Yamamoto T, Irisa T, Yamashita A, Jingushi S,
Noguchi Y, lwamoto Y. Bone marrow fat cell enlargement
and a rise in intraosseous pressure in steroid-treated rabbits
with osteonecrosis. Bone, 2002, 30(1):185-190.

[14] Seamon J, Keller T, Saleh J, Cui Q. The pathogenesis of
nontraumatic osteonecrosis. Arthritis, 2012, 2012:601763.

[15] Cui Q, Wang GJ, Balian G. Steroid-induced adipogenesis
in a pluripotential cell line from bone marrow. J Bone Joint
Surg Am, 1997, 79(7):1054-1063.

[16] Suh KT, Kim SW, Roh HL, Youn MS, Jung JS. Decreased
osteogenic differentiation of mesenchymal stem cells in
alcohol-induced osteonecrosis. Clin Orthop Relat Res, 2005,
431:220-225.

[17] Yin L, Li YB, Wang YS. Dexamethasone-induced adipoge-
nesis in primary marrow stromal cell cultures: mechanism of
steroid-induced osteonecrosis. Chin Med J (Engl), 2006,
119(7):581-588.

[18] Wang GJ, Cui Q, Balian G. The Nicolas Andry Award. The
pathogenesis and prevention of steroid-induced osteonecrosis.
Clin Orthop Relat Res, 2000, 370:295-310.

[19] Kitajima M, Shigematsu M, Ogawa K, Sugihara H, Hotokebuchi T.
Effects of glucocorticoid on adipocyte size in human bone
marrow. Med Mol Morphol, 2007, 40(3):150-156.

[20] Weinstein RS, Jilka RL, Parfitt AM, Manolagas SC. Inhibition
of osteoblastogenesis and promotion of apoptosis of osteo-
blasts and osteocytes by glucocorticoids. Potential mechanisms
of their deleterious effects on bone. J Clin Invest, 1998, 102(2):
274-282.

[21] Wang BL, Sun W, Shi ZC, Lou JN, Zhang NF, Shi SH,
Guo WS, Cheng LM, Ye LY, Zhang WJ, Li ZR. Decreased
proliferation of mesenchymal stem cells in corticosteroid-
induced osteonecrosis of femoral head. Orthopedics, 2008,
31(5):444.

[22] Cui Q, Wang GJ, Su CC, Balian G. The Otto Aufranc Award.
Lovastatin prevents steroid induced adipogenesis and osteo-
necrosis. Clin Orthop Relat Res, 1997, 344:8-19.

Corresponding author

[23] Pritchett JW. Statin therapy decreases the risk of osteo-
necrosis in patients receiving steroids. Clin Orthop Relat
Res, 2001, 386:173-178.

[24] Arlet J. Nontraumatic avascular necrosis of the femoral head.
Past, present, and future. Clin Orthop Relat Res, 1992, 277:
12-21.

[25] Chakkalakal DA. Alcohol-induced bone loss and deficient
bone repair. Alcohol Clin Exp Res, 2005, 29(12):2077-2090.

[26] Hirota Y, Hirohata T, Fukuda K, Mori M, Yanagawa H, Ohno Y,
Sugioka Y. Association of alcohol intake, cigarette smoking,
and occupational status with the risk of idiopathic osteo-
necrosis of the femoral head. Am J Epidemiol, 1993, 137(5):
530-538.

[27] Jones JP Jr. Intravascular coagulation and osteonecrosis.
Clin Orthop Relat Res, 1992, 277:41-53.

[28] Mont MA, Jones LC, Hungerford DS. Nontraumatic osteo-
necrosis of the femoral head: ten years later. J Bone Joint
Surg Am, 2006, 88(5):1117-1132.

[29] Turner RT, Evans GL, Zhang M, Sibonga JD. Effects of
parathyroid hormone on bone formation in a rat model for
chronic alcohol abuse. Alcohol Clin Exp Res, 2001, 25(5):
667-671.

[30] Gan D, Zhang C. Research progress of alcohol-induced
osteonecrosis of femoral head. Zhongguo Xiu Fu Chong
Jian Wai Ke Za Zhi, 2013, 27(3):365-368.

[31] Jones JP Jr. Fat embolism, intravascular coagulation, and
osteonecrosis. Clin Orthop Relat Res, 1993, 292:294-308.

[32] Zhang Y, Li Q, Zhang Y, Wang Z. Morphology and immuno-
histochemistry of traumatic and non-traumatic necrosis of
the femoral head. Zhongguo Xiu Fu Chong Jian Wai Ke Za
Zhi, 2010, 24(1):17-22.

[33] Weldon D. The effects of corticosteroids on bone: osteo-
necrosis (avascular necrosis of the bone). Ann Allergy Asthma
Immunol, 2009, 103(2):91-97; quiz 97-100, 133.

[34] lida S, Harada Y, Shimizu K, Sakamoto M, lkenoue S, Akita T,
Kitahara H, Moriya H. Correlation between bone marrow
edema and collapse of the femoral head in steroid-induced
osteonecrosis. AJR Am J Roentgenol, 2000, 174(3):735-743.

[35] Chao YC, Wang SJ, Chu HC, Chang WK, Hsieh TY. Investi-
gation of alcohol metabolizing enzyme genes in Chinese
alcoholics with avascular necrosis of hip joint, pancreatitis
and cirrhosis of the liver. Alcohol Alcohol, 2003, 38(5):431—
436.

[36] Asano T, Takahashi KA, Fujioka M, Inoue S, Satomi Y,
Nishino H, Tanaka T, Hirota Y, Takaoka K, Nakajima S,
Kubo T. Genetic analysis of steroid-induced osteonecrosis
of the femoral head. J Orthop Sci, 2003, 8(3):329-333.

[37] Kamal D, Traistaru R, Alexandru DO, Kamal KC, Pirici D,
Pop OT, Malaescu DG. Morphometric findings in avascular
necrosis of the femoral head. Rom J Morphol Embryol, 2012,
53(3 Suppl):763-767.

[38] Bachiller FG, Caballer AP, Portal LF. Avascular necrosis of
the femoral head after femoral neck fracture. Clin Orthop
Relat Res, 2002, 399:87-109.

[39] Gullihorn L, Karpman R, Lippiello L. Differential effects of
nicotine and smoke condensate on bone cell metabolic activity.
J Orthop Trauma, 2005, 19(1):17-22.

Rodica Traistaru, Associate Professor, MD, PhD, Department of Physical Medicine and Rehabilitation, University
of Medicine and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Romania; Phone +40723-766 778,

e-mail: rodicatraistru@hotmail.com

Received: September 3, 2014

Accepted: January 21, 2015




