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ABSTRACT 
 
Osteoporosis is a systemic disease of the bone that affects millions of people and 
causes burdens for both the affected individual and health systems and societies 
worldwide. Osteoporosis is a multidisciplinary disease and therefore relevant to 
different medical specialities, for example, general medicine, internal medicine, 
endocrinology, gynaecology, orthopaedic surgery and traumatology, but also to 
preclinical and basic disciplines such as physiology, pathology and biomechanics. 
Since the 1970s much research has been done in the field of osteoporosis. 
Research in osteoporosis poses a wide field and includes basic, clinical and 
translational studies in the earlier mentioned specialities. Meanwhile, several 
journals that are dedicated to publishing articles related to the disease have been 
established. A citation is a quotation or a reference of published scientific work 
in books, book chapters, or articles. The number of citations of published 
scientific work has been used as a marker to evaluate the level of its influence 
and importance. However, the number of citations may not be the only factor in 
determining the importance of scientific work in the field, but allows defining 
“citations classics” that could be used, for example, for educational purposes. 
Furthermore, the number of citations directly influences the impact factor of a 
journal, a generally accepted factor that determines its quality and importance. 
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INTRODUCTION 
 
All papers with the main focus of their research on 
osteoporosis and related basic, clinical and translational 
research were included in this study. Papers including the 
aforementioned used terms, but focusing on other 
research areas were excluded. The search output was then 
recorded and ranked according to the absolute number of 
highest citations. In cases with an identical absolute 
number of citations, the papers that had a higher citation 
density were ranked higher. A list of the fifty most cited 
articles was established. 

Searches and analyses were done by individuals with a 
long-time experience in both basic and clinical research in 
osteoporosis (NIH Consensus Development, 2001). Each of 
the fifty most cited articles was reviewed and the following 
data was extracted: number of citations, authors, article 
title, journal title, publication year, and origin of 
corresponding author. Each paper was assigned to a single 
country in accordance with the corresponding author's 

address because the corresponding author is usually 
primarily and mainly responsible for the entire study 
project (Lee et al., 2002).  

To evaluate the relative impact of a published paper, the 
citation density (“number of citations/years since 
publication”) was calculated as earlier described. 
Furthermore, each article was analyzed and in the case of a 
clinical study a level of evidence was attributed to the 
paper based on the guidelines for clinical articles by 
Oxford Centre for Evidence-Based Medicine, 2011 Levels 
of Evidence. Three categories were established: basic 
science, clinical science and reviews and guidelines. The 
papers were analyzed and attributed to one of these 
categories (Tripathi et al., 2011). 

The fifty most cited articles on osteoporosis and related 
research were cited from 877 to 3056 times, with the top 
ten papers at least 1741 times. The most frequently cited 
paper  was  published  by  Lacey  et  al. (1998) with a mean  
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number of 184,5 citations per year. The majority of articles 
could be attributed to the basic science category. The 
distribution of the other categories can be seen in Level of 
evidence and can be analyzed in 17 clinical papers and also 
seen in the majority of papers were level of evidence I, one 
paper was level of evidence II and three papers level of 
evidence III (Tripathi et al., 2011). 
 
 
DISCUSSION 
 
In order to identify the most cited papers that cover all 
aspects and the whole field of osteoporosis and related 
research not only the term “osteoporosis” per se, but also 
processes involved in the biology and pathology of bone 
and bone metabolism as well risk factors and the 
consequences of the disease were used. Furthermore, 
diagnostic and therapeutic options were considered. 
Altogether, 20 search terms were used. The majority of 
articles could be attributed to “fractures” and 
“osteoporosis”. This underlines the magnitude of 
osteoporosis and osteoporotic fractures. Eleven out of 20 
search terms were found in the title of the papers, others 
in the abstract and keywords. All keywords were found, 
but some papers did not reach enough citations to be put 
onto the list of the top 50 (Li et al., 2012). 

Articles on osteoporosis and related research were cited 
up to 3056 times; the top ten papers according to absolute 
numbers were cited at least 1744 times. This fact shows 
the importance of osteoporosis as it affects a large number 
of patients worldwide and being of interest in many 
different medical specialities. Papers on other conditions 
such as acute pancreatitis had a maximum of 1281 
citations; the highest cited papers on septic conditions 
reached 2932, whereas papers on epilepsy were cited even 
more frequently than osteoporosis (3749 citations). Top 
ranked articles in other fields such as papers on 
arthroscopic surgery or trauma reached about 500 
citations. In orthopaedic paediatrics just four papers 
reached 100 citations.  

The most cited paper in the present list was cited 3056 
times. It is the oldest in the list and was published by a 
single author in 1956. The reason why this paper has been 
cited so often could be that “bone morphogenetic proteins” 
were described and for years their existence seemed to be 
the core of possible solutions for all aspects in bone 
metabolism (Brandt et al., 2010). 

Three hundred and ninety-five (395) authors 
contributed to the papers of the top 50 list. This reflects 
the wide range of osteoporosis and related research. Some 
authors contributed more than once; one author 
contributed seven times (Tripathi et al., 2011). 

papers still remains a selection although using well 
defined criteria. As such, important and influential papers 
with lower citation frequency might have been missed. In 
some cases, the value of contribution to the field cannot be 
quantified by the number of citations. However, with 
respect to the aim of this study a bottom line is drawn. 
This approach seems to be more objective. Any other 
selection based on the importance of papers would depend 
on personal favour. The absolute or relative number of 
citations of articles can be influenced by several factors 
and does not necessarily reflect the importance of research 
performed or published, nor does it directly translate into 
clinical practice changes. The search was performed in the 
Thomson ISI Web of Science database. Therefore,s 
citations of articles from other sources, such as textbooks, 
lectures, or digital media could not be considered. Another 
weakness might be the cross-sectional study design and 
research at a single point in time with focus on the 
absolute number of citations (Brandt et al., 2010). 
 
 
CONCLUSION 
 
A list of most cited papers in osteoporosis and related 
research covers a broad range of medical subspecialities 
(Li et al., 2012). This is reflected by the number of journals 
and decades. Studies focusing on basic and clinical science 
of osteoporosis mainly dominate the literature in respect 
to absolute citation numbers. Considering the high number 
of high impact papers in the last two decades further 
developments in the field are to be expected (Brandt et al., 
2010). 
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Data analyses 
 
This   study   has   limitations.   Identifying  the  most  cited 
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