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ABSTRACT 
 

Avascular necrosis (AVN) could remain with negligible clinical symptoms, but it would get worsen 
over the time if it’s left untreated and at the most cases will require surgical treatment. Prevalence 
of femoral head AVN is almost 0.45% among HIV patients which is approximately 45 times more 
than the rest of Society. AVN occurs 0.088%-1.33% annually among HIV victims. Avascular 
necrosis of the femoral head is a bone deteriorating plight. At this study, the clinical prevalence of it 
has been analyzed among a group of 180 patients at Rasool-e-Akram Hospital (Iran, between 2008 
and 2016). Patients were including 121 men and 59 women. Analysis results showed that the 
prevalence of HCV, HBV, and HIV was 1.7%, 1.1%, and 1.1% respectively. It was found that 63% 
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of patients was currently using immunosuppressive drugs. 17% had a history of drug abuse among 
which 3.3% were using IV drugs. It was concluded that femoral head AVN is more common among 
hepatitis and HIV patients.  
 

 
Keywords:  Avascular bone necrosis; femoral head; human immune deficiency virus; hepatitis; hip 

arthroplasty. 
 

1. INTRODUCTION  
 
After the pioneer studies and introducing the 
subject of avascular bone necrosis by Alexander 
Murno [1], lots of efforts have been taken to in-
depth exploration of contributing factors to 
femoral head AVN (AVN stands for avascular 
necrosis) [2]. Femoral head AVN is a bone 
deteriorating condition which is due to 
compromised blood supply to femoral head 
which renders its tissue in an ischemic condition 
[2,3]. This ischemic condition will further 
antecedent toward osteocell death and necrosis 
of bone and surrounding tissue and renders 
patients in a debilitating situation [4].When this 
avascular phenomenon continues, femoral head 
will become cracked and crumbled and multiple 
bone fracture will cause collapsing and mobility 
will be restricted [5]. Femoral head AVN usually 
needs partial or total hip joint replacement. 
Although most often AVN occurs at femoral 
head, but it also could be happening at any other 
joints including knee, elbow, foot, wrist and 
shoulder [6] . Avascular necrosis could remain 
with negligible clinical symptoms, but it would get 
worsen over the time if its left untreated and at 
the most cases will require surgical treatment  
[7]. 

 
Femoral head AVN is considered to be a 
common cause of musculoskeletal weakening 
and is a major diagnostic and remedy challenge 
[8,9]. Its estimated that almost 50% of patients 
with femoral head AVN will experience extreme 
joint deterioration and around three years after 
the initial diagnosis they will require a hip 
arthroplasty which is known as a major surgical 
procedure [10,11].  

 
AVN of head of femur has different levels [12], 
and could happen due to various reasons 
including trauma and drugs including steroids like 
Corton or long and heavy alcohol intake, 
systematic diseases like diabetes, systemic 
lupus erythematosus [13,14], sickle cell anemia 
(SCA). Recently using Unauthorized drugs in 
bodybuilding specially steroids has become a 

new concern that may incite femoral head AVN 
[15,16]. 
 

Femoral head AVN is an up growing issue 
among HIV patients [17]. Prevalence of femoral 
head AVN is almost 0.45% among HIV patients 
which is approximately 45 times more than the 
rest of Society. AVN occurs 0.088%-1.33% 
annually among HIV victims. Diagnostic tools like 
Magnetic Resonance Imaging (MRI) have 
improved recognizing patient with underlying 
AVN [18]. Considerable efforts have been 
devoted to recognize different aspects of this 
phenomenon. 
 

Current study is focusing on three root causes of 
femoral AVN which includes HIV, Hepatitis, and 
substance intake (both drugs and alcohol 
consumption).  
 

2. REVIEWING PREVIOUS STUDIES 
 

2.1 Human Immune Deficiency Virus  
 

Metha et al. (2011) studied femoral head AVN 
among HIV patients. Among 6487 members of 
members of surveyed society who were all 
suffering from HIV (2007-2010), AVN patients 
were recognized by Magnetic resonance imaging 
(MRI). Results revealed that 19 males and 3 
females had underlying femoral head AVN 
(0.34% incidence; 95% CI, 0.2-0.48%). 
According to their study 68 percent of these 
patients had multiple joint deterioration and 73% 
had more than two risk factors for AVN including 
Highly Active Antiretroviral Therapy 
(HAART)(91%), protease inhibitors (68%), 
hypercholesterolemia (59%), corticosteroids 
(55%), hypertriglyceridemia (45%), smoking 
(45%), alcohol intake (27%), and CD4 <200 
cells/μL (23%). An average CD4 cells count 
among this group was 52 cells/μL. It should be 
mentioned that only 9% of all patients were 
considered as idiopathic. According to data 
provided by designated study it is implicated that 
AVN is one of the most common multifactorial 
complications of musculoskeletal at HIV infected 
population which usually affects more than one 
joint.  
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Provided having a better knowledge of every 
possible risk factors, appropriate preventive 
measurements must be taken into consideration, 
and when an HIV patient presents with painful 
joints AVN should be evaluated. On the other 
hand, when someone is complaining about 
multiple joint sore, HIV should be suspected  
[19].  

 
Yombi et al. (2009) who studied femoral head 
AVN among HIV type 1 patients reported that 
osteonecrosis of femoral head (ONFH) usually 
occurs among young and socially active people 
who are socially and economically active and 
reduces their effectiveness. Among HIV patients 
this condition is a growing health issue [20]. They 
studied 815 AIDS patients among which 6 
patients suffered from femoral head bone 
necrosis (0.74%) and no gender difference was 
considered (sex ratio equal to one). In that study 
2 out of 6 patients had no risk factor for AVN 
(33.3%). One of patients had 3 risk factors 
including corticosteroids intake, chemotropic 
agent absorption and radiotherapy. The time 
from beginning of femoral head AVN was short at 
these patients. All available antiviral drugs were 
used at this population. Due to concurrent use of 
different drugs it was impossible to focus on each 
drug. 

 
Chokotho et al. (2013) studied risk factors of 
AVN among HIV positive patients and healthy 
ones, and evaluated initial response to Total Hip 
Arthroplasty (THA) in normal patients and HIV 
positive patients [21]. At their study 26 AVN 
patients with total 37 joint disruptions and 
receiving surgery were studied. They mentioned 
that 15 cases were males and 11 patients              
were females. Mean age of all patients was 
47.1±8.0 and population was ranging 33-66 
years old. 12 patients were HIV positive and 11 
were HIV negative and 3 patients were not 
discriminated about HIV. Use of alcohol was a 
common risk factor of AVN among all patients. It 
was witnessed that 58% of patients had more 
than 1 risk factor for AVN and only 2 patients            
out of 12 patients had no other risk factor            
except being HIV positive. At their analysis             
17% of surgeries had no early Surgical 
complication.  

 
AVN has a multifactorial etiology even among 
HIV positive patients. Another study showed that 
irrespective of being HIV positive, surgery usually 
provides patients with an immediate positive 
outcome [22]. 
 

2.2 Hepatitis 
 
Currently HCV is a worldwide complaint in 
healthcare services [23]. Prevalence of HCV is 
less than 1% in Iranian population, but it has an 
increasing rate at this society. HCV is especially 
more common among IV drug addict patients. 
Studying HCV sufferers has showed that 
comparing with heathy ones AVN could be lot 
more common among infected community. One 
specified reason that brings up suspicion is 
treatment with PEGylated interferon and ribavirin 
[24].  

 
Landerreche et al. (2015) studied bilateral 
avascular necrosis of the femoral head. Causes 
including vascular diseases, malignancies, 
hypercoagulability states, long-term steroid 
treatment were inspected. In this study 5 patients 
were involved including four men and one 
woman. This study mentioned that some patients 
had a history of Hepatitis C infections treated 
with PEGylated interferon and ribavirin. 
Diagnosis was reconfirmed by pathology 
assessment after arthroplasty surgery [24]. This 
study also implies a connection between 
hypercoagulability and disruption in retinacular 
blood supply of femoral head. It also has been 
suggested that viral infection can cause an 
autoimmune response ending in transient 
vasculitis in these patients [25-27]. As reported 
by Zangari M et al., infections with HCV, HBV 
and HIV viruses may induce hypercoagulability 
which causes an autoimmune response resulting 
in transient vasculitis and consequent femoral 
head AVN[28]. 
 

2.3 Substance Intake 
 
Previous studies have shown that there is a 
direct link between alcohol intake and progress 
of femoral head AVN [29]. Regarding religious 
and social bans on alcohol in Iran, it was 
impossible for us to provide conclusive data on 
current subject from our country, but there is no 
doubt that lots of cases as a result of alcohol 
intake had gone unreported. 

 
The 15-45 years old Iranian population was 50 
million in 2011 [30]. The number of drug addict 
people is estimated to be one million and 300 
thousand among which a large number of them 
are using IV substances [31]. It’s worthy to 
mention that most of drug abusing patients in 
Iran are male and women constitute a smaller 
portion of IV drug abusers. 
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There are also reports of connection between 
taking interferon because of multiple myeloma 
and increased risk of avascular necrosis of 
femoral head. It was suggested that using 
PEGylated interferon 2B to treat viral infections 
(most notably HIV, HBV and HCV) could be 
another reason of non-traumatic AVN [28].  
 

3. METHODS  
 
Current study is a cross sectional study carried 
out to evaluate the prevalence of HIV, HBV and 
HCV among 180 patients who were suffering 
from avascular necrosis of femoral head. This 
study has been performed and includes data 
from 2008 till 2016. AVN cases were diagnosed 
by simple radiography with anterior-posterior 
(AP) and lateral view, bone scanning and MRI. 
Results were confirmed by pathology 
investigation after surgery. Studied cases were 
not having any history of hip surgery, and              
didn’t have a history of fracture around hip. 
Exclusion criteria were having a history of hip 
surgery, history of acetabulum fracture, and a 
history of femoral head fracture. Due to 
prohibition on alcohol in Iran, this risk factor was 
not considered in the present study. Informed 
written consents were taken from those who 
voluntarily agreed to participate at this study and 
moral committee of Hospital supervised the 
entire procedure.  Participants included both 
sexes. 
 
Investigated factors included age and gender of 
patient, drug intake, being infected with HIV, 
HCV, and HBV viruses. Information was driven 
from patients' documents and collected using a 
check list. Data were statistically analyzed using 
SPSS software version 24. Measures of 
dispersion including mean, minimum, maximum, 
variance & standard deviation and frequency 
were calculated for quantitative and qualitative 
variables. 
 

4. RESULTS 
 
In the current study mean of age was 32.83 with 
minimum 18 and maximum 58 years. 90% of 
patients were at range of 18-42 years old. 
Among these 180 patients group, 67.2% were 
men and 32.8% were women. 
 
Prevalence of HCV, HBV and HIV was 1.7%, 
1.1%, and 1.1% respectively. It was found that 
1.1% of cases had 2 concurrent risk factors. It 
was found that HCV appears to be more 
prevalent among AVN bone necrosis patients. 

There was only one case older than 50 years 
and most patients were at 18-42 years of their 
life. It was revealed that 63 percent of this cohort 
was using immunosuppressive drugs. Results 
showed that 17 % of patients were drug addicted 
(opioid addiction) and 3.3% had a history of 
intravenous (IV) drug abuse most occurring out 
of hospital morphine dependence. The biggest 
portion of drug addicts was male and women 
didn’t report any serious opioid addiction except 
using legal tranquilizers including 
acetaminophen. Those drug addicts that were 
taking corton, immunosuppressive drugs and 
specially those were taking opioid alternative 
drugs were found to have worse prognosis.  Data 
are summarized in Table 1. 
 

Table 1. Demographic data and prevalence of 
studied variable 

 
Variable N=180, 

prevalence (%) 
Mean age (years) 32.83 
Gender (M: F) (%:%) 121:59 (67.2%: 

32.8%) 
HCV (%) 1.7 
HBV (%) 1.1 
HIV (%) 1.1 
Concurrent Risk factors 
(%100) 

2 (1.1%) 

Using immunosuppressive 
drugs 

114 (63%) 

Opioid addiction 30 (17%) 
IV drug addiction 6 (3.3%) 

 

Information about alcohol intake was not 
conclusive because patients were not willing to 
inform healthcare providers about this habit due 
to religious and governmental ban on alcohol. 
We also found that those who had a history of 
taking steroid drugs at gym also had a faster 
progress of AVN causing worse condition to 
patients.  
 

5. DISCUSSION 
 

Previous studies have suggested that AVN is a 
multifactorial anomaly which could be influenced 
by a variety of factors [32]. It has been proposed 
that factors other than trauma including drug, 
alcohol and viral infection can impinge normal 
blood supply to head of femur [33-37].  
 
There is no doubt that these condition are getting 
widespread in many societies. Recent reports 
from Iran are implying that HIV and hepatitis are 
raising more concerns [38]. According to 
Taherkhani et al. (2015) prevalence of HIV and 
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HCV in Iran are respectively 0.2% and 0.14% 
and our current study showed that this 
prevalence had a meaningful statistical 
connection with AVN (P value<0.05) [39]. On the 
other hand, we should take it into consideration 
that drugs availability also is giving raise to this 
problem. Based on provided evidence we 
assume that apart from current drug addiction, 
taking alternative drugs by addicted patients at 
hospital, especially steroid base drug, appears to 
augment the prevalence of femoral head AVN. 
Although there are previous studies concerning 
AVN that have clearly proved the role of 
corticosteroids in femoral head AVN, causing 
AVN by alternative drugs given to drug 
dependent patient is still a theory and needs 
further investigation [40].  
 

Since the earlier diagnosis can contribute to 
better prognosis of the patients it is suggested to 
investigate AVN bone necrosis among patients 
with mentioned risk factors. New diagnostic tools 
like imaging devices including X-Ray imaging, 
bone scanning and topographic devices, and 
MRI can improve diagnosing of underlying AVN 
bone necrosis in suspected patients. On the 
other hand, physicians should also become 
suspicious of viral infections when a patient is 
presenting with multiple joint deterioration due to 
avascular necrosis [41]. 
 

6. CONCLUSION 
 
Infection with HIV, HBV and HCV will increase 
the risk of avascular bone necrosis. Currently the 
rate of these infections is accelerating in 
Iran.AVN sufferers should better be screened for 
HIV, HCV and HBV and also be warned of 
alcohol usage. The earlier diagnosis through 
screening can result in a better prognosis for the 
patients. 
  

CONSENT  
 

Informed written consents were taken from those 
who voluntarily agreed to participate at this study 
and moral committee of Hospital supervised the 
entire procedure.   
 
ETHICAL APPROVAL   
 

It is not applicable. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 

REFERENCES 
 
1. Luck JV. Bone and joint diseases. 1st ed. 

Springfield, Ill.: Thomas; 1950;13:614. 
2. Shah KN, Racine J, Jones LC, Aaron RK. 

Pathophysiology and risk factors for 
osteonecrosis. Curr Rev Musculoskelet 
Med. 2015;8(3):201-9 

3. Lavernia CJ, Sierra RJ, Grieco FR. 
Osteonecrosis of the femoral head. J Am 
Acad Orthop Surg. 1999;7(4):250-61. 

4. Ciapetti G, Granchi D, Fotia C, Savarino L, 
Dallari D, Del Piccolo N, et al. Effects of 
hypoxia on osteogenic differentiation of 
mesenchymal stromal cells used as a cell 
therapy for avascular necrosis of the 
femoral head. Cytotherapy. 2016;18(9): 
1087-99 

5. Cao H, Guan H, Lai Y, Qin L, Wang X. 
Review of various treatment options and 
potential therapies for osteonecrosis of the 
femoral head. J Orthop Translat. 2016; 
4:57-70. 

6. Narayanan A, Khanchandani P, Borkar 
RM, Ambati CR, Roy A, Han X, et al. 
Avascular Necrosis of Femoral Head: A 
Metabolomic, Biophysical, Biochemical, 
Electron Microscopic and Histopathological 
Characterization. Sci Rep. 2017;7(1): 
10721 

7. Steinberg ME, Hayken GD, Steinberg DR. 
A quantitative system for staging avascular 
necrosis. J Bone Joint Surg Br. 1995; 
77(1):34-41 

8. Aldridge JM, 3rd, Urbaniak JR. Avascular 
necrosis of the femoral head: etiology, 
pathophysiology, classification, and current 
treatment guidelines. Am J. Orthop (Belle 
Mead NJ). 2004;33(7):327-32. 

9. Barille MF, Wu JS, McMahon CJ. Femoral 
head avascular necrosis: a frequently 
missed incidental finding on multidetector 
CT. Clin Radiol. 2014;69(3):280-5. 

10. Karantanas AH. Accuracy and limitations 
of diagnostic methods for avascular 
necrosis of the hip. Expert Opin Med 
Diagn. 2013;7(2):179-87. 

11. Manenti G, Altobelli S, Pugliese L, 
Tarantino U. The role of imaging in 
diagnosis and management of femoral 
head avascular necrosis. Clin Cases Miner 
Bone Metab. 2015;12(Suppl 1):31-8. 

12. Jawad MU, Haleem AA, Scully SP. In brief: 
Ficat classification: Avascular necrosis of 
the femoral head. Clin Orthop Relat Res. 
2012;470(9):2636-9. 



 
 
 
 

Yeghaneh et al.; JPRI, 30(4): 1-7, 2019; Article no.JPRI.52171 
 
 

   
6 
 

13. Sayarlioglu M, Yuzbasioglu N, Inanc M, 
Kamali S, Cefle A, Karaman O, et al. Risk 
factors for avascular bone necrosis in 
patients with systemic lupus 
erythematosus. Rheumatol Int. 2012;32(1): 
177-82. 

14. Gurion R, Tangpricha V, Yow E, 
Schanberg LE, McComsey GA, Robinson 
AB. Avascular necrosis in pediatric 
systemic lupus erythematosus: a brief 
report and review of the literature. Pediatr 
Rheumatol Online J. 2015;13:13. 

15. Pettine KA. Association of anabolic 
steroids and avascular necrosis of femoral 
heads. Am J Sports Med. 1991;19(1):96-8. 

16. Xie XH, Wang XL, Yang HL, Zhao DW, Qin 
L. Steroid-associated osteonecrosis: 
Epidemiology, pathophysiology, animal 
model, prevention, and potential 
treatments (an overview). J Orthop 
Translat. 2015;3(2):58-70. 

17. Blacksin MF, Kloser PC, Simon J. 
Avascular necrosis of bone in human 
immunodeficiency virus infected patients. 
Clin Imaging. 1999;23(5):314-8. 

18. Zhang YZ, Cao XY, Li XC, Chen J, Zhao 
YY, Tian Z, et al. Accuracy of MRI 
diagnosis of early osteonecrosis of the 
femoral head: a meta-analysis and 
systematic review. J Orthop Surg Res. 
2018;13(1):167. 

19. Mehta P, Nelson M, Brand A, Boag F. 
Avascular necrosis in HIV. Rheumatol Int. 
2013;33(1):235-8. 

20. Yombi JC, Vandercam B, Wilmes D, 
Dubuc JE, Vincent A, Docquier PL. 
Osteonecrosis of the femoral head in 
patients with type 1 human 
immunodeficiency virus infection: Clinical 
analysis and review. Clin Rheumatol. 
2009;28(7):815-23. 

21. Chokotho L, Harrison WJ, Lubega N, 
Mkandawire NC. Avascular necrosis of the 
femoral head in HIV positive patients-an 
assessment of risk factors and early 
response to surgical treatment. Malawi 
Med J. 2013;25(2):28-32. 

22. Dimitriou D, Ramokgopa M, Pietrzak JRT, 
van der Jagt D, Mokete L. Human 
Immunodeficiency Virus Infection and Hip 
and Knee Arthroplasty. JBJS Rev. 2017; 
5(9):e8. 
Epub 2017/09/28 

23. Arrais de Castro R, Vilas P, Borges-Costa 
J, Tato Marinho R. Hepatitis C virus 
infection: 'beyond the liver'. BMJ Case 
Rep; 2018. 

24. Gomez-Mont Landerreche JG, Gil-Orbezo 
F, Morales-Dominguez H, Navarrete-
Alvarez M, Trueba-Davalillo C, Capuano-
Tripp P. [Nontraumatic causes of bilateral 
avascular necrosis of the femoral head: 
link between hepatitis C and pegylated 
interferon]. Acta Ortop Mex. Epub 
2016/03/24. Causas no traumaticas de 
necrosis avascular bilateral de la cabeza 
femoral: relacion hepatitis C-interferon 
pegilado. 2015;29(3):172-5. 

25. Seeff LB, Miller RN, Rabkin CS, Buskell-
Bales Z, Straley-Eason KD, Smoak BL, et 
al. 45-year follow-up of hepatitis C virus 
infection in healthy young adults. Ann 
Intern Med. 2000;132(2):105-11. 

26. Foster GR, Goldin RD, Thomas HC. 
Chronic hepatitis C virus infection causes 
a significant reduction in quality of life in 
the absence of cirrhosis. Hepatology. 
1998;27(1):209-12. 

27. Poynard T, Bedossa P, Opolon P. Natural 
history of liver fibrosis progression in 
patients with chronic hepatitis C. The 
OBSVIRC, METAVIR, CLINIVIR, and 
DOSVIRC groups. Lancet. 1997; 
349(9055):825-32. 

28. Talamo G, Angtuaco E, Walker RC, Dong 
L, Miceli MH, Zangari M, et al. Avascular 
necrosis of femoral and/or humeral heads 
in multiple myeloma: results of a 
prospective study of patients treated with 
dexamethasone-based regimens and high-
dose chemotherapy. J Clin Oncol. 
2005;23(22):5217-23. 

29. Yoon BH, Kim TY, Shin IS, Lee HY, Lee 
YJ, Koo KH. Alcohol intake and the risk of 
osteonecrosis of the femoral head in 
Japanese populations: a dose-response 
meta-analysis of case-control studies. Clin 
Rheumatol. 2017;36(11):2517-24. 

30. Population and Housing Censuses. 
Statistical Center of Iran; 2011.  

31. Iran Drug Control Headquarters; 2019. 
32. Hsu H, Nallamothu SV. Hip, 

Osteonecrosis.  StatPearls. Treasure 
Island (FL)2018. 

33. Mont MA, Hungerford DS. Non-traumatic 
avascular necrosis of the femoral head. J 
Bone Joint Surg Am. 1995;77(3):459-74. 

34. Otoukesh B, Boduhi B, Kaghazian P,  
Hatami N, Otoukesh M, Ghaemi M, 
Moghimi J. Evaluation of 3-Dimensional  
Profile of Asian Knee. Ann Med Health Sci 
Res. 2017;7:61-66. 

35. Moghtadaei M, Otoukesh B, Pazoki-
Toroudi H, Boddouhi B, Yeganeh A. 



 
 
 
 

Yeghaneh et al.; JPRI, 30(4): 1-7, 2019; Article no.JPRI.52171 
 
 

   
7 
 

Evaluation of inflammatory response         
in patients undergoing surgical treatment 
for early and delayed femoral 
fractures.Arch Med Sci. 2019;15(1):141-
145. 

36. Yeganeh A, Otoukesh B, Kaghazian P, 
Yeganeh N, Boddohi B, Moghtadaei 
M.Evaluation of the Etiologies of Implant 
Fracture in Patients With Fractures of the 
Implants of Lower Limbs' Long Bones.Med 
Arch. 2015;69(6):405-8. 

37. Moghtadaei M, Otoukesh B, Kaghazian P, 
Hatami N, Boddouhi B. Risk of superior 
gluteal nerve injury after using ante-grade 
femoral nailing. Biomed PharmacolJ 2016; 
9(1):419-424. 

38. Yeganeh A, Hatami N, Mahmoudi M, 
Boduhi B, Saidifard M, Otoukesh 
B.Prevalence of Hepatitis B virus, Hepatitis 

C virus and human immunodeficiency virus 
infections among patients candidate for 
orthopedic trauma surgeries.Med J Islam 
Repub Iran. 2015;29:274. 

39. Taherkhani R, Farshadpour F. 
Epidemiology of hepatitis C virus in Iran. 
World J Gastroenterol. 2015;21(38):10790-
810. 

40. Calandruccio RA, Anderson WE, 3rd. Post-
fracture avascular necrosis of the femoral 
head: correlation of experimental and 
clinical studies. Clin Orthop Relat Res. 
1980;(152):49-84.  

41. Pazderska A, Crowther S, Govender P, 
Conlon KC, Sherlock M, Gibney J. 
Spontaneous resolution of avascular 
necrosis of femoral heads following cure of 
Cushing's syndrome. Endocrinol Diabetes 
Metab Case Rep. 2016;160015. 

 

© 2019 Yeghaneh et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

  

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/52171 


