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Foreword

The advancement of clinical care in orthopaedic surgery depends on high-quality 
clinical research transmitted to the practitioner community through clear medical 
writing. Drs. Mauffrey and Scarlat have assembled a highly experienced group of 
authors to address these issues. The author panel hails from the editorial board of 
major journals in the orthopaedic specialty including Clinical Orthopaedics and 
Related Research, Injury, International Orthopaedics, The Journal of Bone and 
Joint Surgery, and the European Journal of Orthopaedic Surgery and Traumatology. 
The chapters are succinctly outlined and address all the critical issues in both clear 
medical writing communication style and research design. Throughout the text of 
the chapters, there are multiple references made to the important tools for clinical 
research including CONSORT for randomized trials, STROBE for cohort studies, 
and PRISMA for systematic reviews and meta-analyses. The chapter on non-pri-
mary English speaking authors is of great value. Most medical publishing houses 
affiliated with these orthopaedic journals have services available to translate and 
edit manuscripts from non-English speakers, which are valuable tools at reasonable 
costs. Although one might think that the young practitioner beginning her or his 
research career would not be interested in matters of publication indices, the chapter 
on impact factor and Altmetrics is and will become increasingly so an important 
factor in the world of scholarly publication. The book provides much in the way of 
useful advice for the beginning clinical researcher, and I recommend it to all regis-
trars and residents, young faculty beginning their clinical research careers, and 
experienced clinicians who are embarking on sharing their clinical experience with 
a broader audience of the orthopaedic community. I am sure that this publication 
will find broad acceptance in the orthopaedic community as we are critically depen-
dent on improving our clinical research and communicating it effectively for now 
and in the future.

 Marc F. Swiontkowski, MD
Professor, Department of Orthopaedic Surgery, University of Minnesota, 

Editor-in-Chief, Journal of Bone and Joint Surgery, 
Minneapolis, MN, USA 
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1Fraud in Publishing

Andreas F. Mavrogenis, Georgios N. Panagopoulos, 
Cyril Mauffrey, and Marius M. Scarlat

1.1  Introduction

Since the first scientific journal appeared back in 1665 [1], medical publishing has 
gone a long way. Strict selection criteria, peer-reviewing, anti-fraud software, and pre-
requisites for statistical validation of scientific work have all contributed to the steady 
production of an unparalleled number of high-quality manuscripts. No one debates the 
contribution that medical publishing has to the actual progress of science. As 
Drummond Rennie once wrote in one of the most prestigious medical journals “…
science does not exist until it is published…” [2]. However, scientific misconduct or 
fraud represents an important issue in publishing. As Medicine remains essentially a 
career-driven discipline, institutional support and research funding largely depend on 
good reputation and prolificacy. As pressure for publishing becomes higher and higher 
and more emphasis is given to quantity rather than quality, researchers who are stressed 
to deliver tend to look for shortcuts. Despite the existence of austere ethical standards, 
reports of fraud have increased sharply in the last few decades. Unfortunately, most 
researchers believe that this is due to increased vigilance compared to the past [3].

There are many definitions of scientific misconduct (fraud) in medical writing 
and publishing [4]. The Royal College of Physicians of Edinburg defines scientific 
misconduct as “…the behavior by a researcher, intentional or not, that falls short of 
good ethical and scientific standard…” [5]. The UK Committee on Public Ethics 
(COPE) describes scientific misconduct as “…the intention to cause others to 
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regard as true that which is not true…” [6]. The US Office of Research Integrity 
(ORI) reports that “…research misconduct means fabrication, falsification, or pla-
giarism in proposing, performing, or reviewing research, or in reporting research 
results…” (the FFP model) [7]. From a legal point of view, Protti et al. state that “…
scientific fraud is a deliberate misrepresentation by someone who knows the 
truth…” [8].

Bad or fake research may misdirect the research of others. Therefore, scientific 
misconduct is not an issue to take lightly, as it might have serious consequences not 
only to the involved perpetrator or whistle-blower but also potentially devastating 
public health implications.

1.2  Types of Fraud in Publishing

In general, scientific misconduct in publishing includes three broad categories: fab-
rication, falsification, and plagiarism (the FFP model). However, this can only be 
seen as an oversimplification of the fraud that can take place in the field of publish-
ing. As expected, many shades of gray exist, with the authors “con artists” having 
many tricks under their hat.

1.2.1  Fabrication

Fabrication is the most common form of fraud in medical research. It refers to the 
report of results that are completely made up. It literally involves the total or subto-
tal invention of data or information. This phenomenon is sometimes referred to as 
forging or dry-labbing [9], which does not only include made-up data but also the 
description of experiments that were never performed in the first place [10]. A minor 
form of fabrication is the use of fake or unrelated references, to give an argument a 
fake sense of widespread acceptance. A striking case of fabrication in publishing is 
the Pearce affair of a successfully reimplanted ectopic pregnancy that proved to be 
a complete figment of imagination [11].

1.2.2  Falsification

Falsification refers to manipulation and willfully distortion of research materials, 
methods or equipment, and/or alteration or omission of data or results such that the 
actual research is nothing but accurately reported. “Cooking” is a falsification fraud 
type that refers to retaining and analyzing selectively only the results that strengthen 
the research hypothesis under investigation while ignoring data that might weaken 
or disprove the results favored [10]. The later phenomenon is sometimes referred to 
as “suppression.” “Trimming” is another falsification fraud that refers to smoothing 
any data irregularity that would make the research results less convincing or less 
pertinent for publication [10]. The case of the German nanotechnology scientist Jan 
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Hendrik Schön who authored more than 90 papers between 1998 and 2002, includ-
ing 15 papers in Science and Nature, is probably one of the most representative 
examples of falsification [12–16].

Fabrication and falsification are often combined to produce a highly visible 
research. A major case of combined fabrication and falsification fraud in medical 
literature was the Wakefield affair, known as the MMR vaccine controversy [17–
19]. The suggested relation of the MMR vaccine with Crohn’s disease [17] and 
autism [18] proved numerous misgivings on the researcher’s behalf; the original 
paper was retracted, and the author was struck off the UK medical register [19].

1.2.3  Plagiarism

The term plagiarism derives from the Latin word plagium meaning kidnapping a 
man [20]. The US Office of Research Integrity (ORI) defines plagiarism as “…both 
the theft or misappropriation of intellectual property and the substantial unattrib-
uted textual copying of another's work…” [21]. In this definition, the term substan-
tial unattributed textual copying refers to the verbatim or nearly verbatim copying 
of sentences and paragraphs, which materially mislead the ordinary reader regard-
ing the contributions of the author [21]. The World Association of Medical Editors 
(WAME) defines plagiarism as “…copying six consecutive words in a continuous 
set of 30 used characters…” [20, 22]. In simple terms, plagiarism refers to the clas-
sic practice of “copy and paste”; it is synonymous with appropriation of the ideas, 
methods, results, or plain words of others without giving appropriate credit. 
Therefore, to avoid plagiarism, the use or report of another researcher’s work or 
words should be adequately referenced; any quotation reported ad verbatim should 
be in quotation marks if six or more consecutive words are used. Failing to do those 
two simple tasks makes a document very likely to be red flagged as being a product 
of plagiarism.

Masic published a list of ten different types of plagiarism and how to prevent it. 
These include “cloning” (submitting someone else’s work, fully transcribed), “ctrl-
c” (copying without alterations text from a single source), “find-replace” (only 
changing key words or phrases), “remix” (paraphrasing or combining phrases from 
multiple sources), “recycle” (reusing one’s own work), “hybrid” (combing perfectly 
cited sources with the copied without citation), “mash-up” (blending copied mate-
rial from multiple sources), “error 404” (quoting fictional or inaccurate sources), 
“aggregator” (proper citation but lack of any original work), and “retweet” (proper 
citation but too much text from the original) [22]. Citation plagiarism refers to fail-
ure to appropriately credit prior discoverers, so as to give an improper sense of pri-
ority [23]. It is also referred to as “citation amnesia,” “disregard syndrome,” 
“bibliographic negligence” [23], and the Matthew effect or Stigler’s law [24, 25]. A 
dear consequence of this can be the inadvertent reassignment of credit from the 
original discoverer to a better-known researcher [24, 25]. Probably the most repre-
sentative example of plagiarism is the case of an Iraqi medical researcher who cop-
ied entire articles that had already been published, modified the title, replaced the 
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authors’ names with his own, and submitted the manuscripts to less well-known 
journals. In this way, he succeeded in accumulating publications and joining scien-
tific societies and prestigious institutions until his lack of knowledge was exposed 
[26–29].

1.3  Authorship Issues

Another form of scientific misconduct involves maneuvering the authorship. This 
type of fraud includes many different practices such as “guest authorship,” “gift 
authorship,” “ghost authorship,” “coercion authorship,” and others [30–37]. Guest 
authorship refers to using the name of a well-known researcher in an effort to change 
the status accorded to the article and increase the chances of publication. A striking 
example of guest authorship is the Darsee affair in the 1980s; 55 of his ultimately 
retracted articles carried the name of his famous mentor who had little knowledge 
of their content [30–33]. Gift authorship is governed by the principle of reciprocity; 
authorship is offered as a gift in view of a future counter-gift, to encourage future 
collaborations, maintain good relations, or return a favor [34–36]. Ghost authorship 
or ghostwriting is the fact when someone else other than the named authors makes 
a major contribution; typically, this is done to mask contribution from drug compa-
nies, so as to hide a potential conflict of interest [35, 36]. Coercion authorship 
occurs when “superiors” with no direct involvement in a given research demand to 
or presume that they should be authors of any article originating within their depart-
ment [36, 37]. A similar occurrence is inappropriate allocation of credit, where 
author rank does not correspond to the relative weight of individual author 
contributions.

1.4  Image Manipulation

The widespread use of photo editing software has given birth to yet another form of 
scientific misconduct, namely, image manipulation. This type of fraud may include 
splicing together different image to represent a single experiment, partially chang-
ing brightness or contrast, concealing information included in an image, or showing 
only a part of the image to cover any unwanted portion [38–42]. One Nature paper 
published in 2009 was reported to contain almost 20 separate instances of image 
fraud from a molecular experiment [43]. An anonymous internet user created a blog 
and uploaded a YouTube® video that demonstrated more than 60 manipulated 
images from 24 papers published from the lab in question [43, 44].

1.5  Collateral Practices

Redundant publication occurs when two or more papers, without cross-reference, 
share the same hypothesis, data, discussion points, or conclusions. Although previ-
ous publication of an abstract during the proceedings of meetings does not preclude 
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subsequent submission for publication, full disclosure should be made at the time of 
submission. Types of redundant fraud are “salami” publishing, “templating,” “shot-
gunning,” and “self-citation.”

Salami publishing is a well-known practice of scientific misconduct. It consists 
of dividing the results of a research project into a series of articles (least publishable 
units) in order to maximize the number of potential publications [45–47]. This prac-
tice is considered to the least questionable [48–52].

Templating is considered a unique form of plagiarism that refers to copying not 
the ideas, methods, or science of others but essentially using the same format, struc-
ture, or similar phrasing. This method is usually followed by inexperienced, non-
English-speaking authors, who tend to adapt their own submissions to the optimal 
structure of articles of others [45, 46].

Shotgunning refers to the simultaneous submission of the same research article 
to multiple journals [45]. This leads to the occurrence of duplicate or redundant 
publication, which is still considered misconduct, under what is known as the 
Ingelfinger rule [53–55].

Self-citation is defined in the Journal Citation Report (JCR) as referring to arti-
cles from the same journal or the same author. While this phenomenon might be 
acceptable if done occasionally, it can also be overused to increase the status and 
academic performance of an individual researcher [1, 56]. Additionally, excessive 
self-citation can indicate a manipulation by editors to increase the IF of their own 
journal [1]. One journal’s IF was boosted 18 ranks by one paper containing 303 self- 
citations. Both journals involved were given a severe warning, and the next IFs 
published in June 2007 showed a decrease in their ranking [57]. Manipulating the 
IF can have serious consequences, such as affecting decisions on where to publish 
and who to promote or hire; awarding of research funding, grants, scholarships, and 
fellowships; allocating salary bonuses; or evaluating postgraduate courses by 
bureaucrats that usually ask for a simple metric to determine their decision-making 
process [58–60]. There are many ways a journal can skew the IF to its favor. Falagas 
et al. published an article in 2008, presenting a list of ten editorial policies that can 
achieve just that, including coercing self-citation, favoring review articles, rejecting 
negative or confirmatory studies, and publishing “hot” topics, among others [56]. A 
striking example is given by the specialist journal Folia Phoniatrica et Logopedica. 
This journal published an editorial in 2007 citing all its articles from 2005 to 2006, 
intended as a protest against the IF game. This editorial increased the IF of the jour-
nal from 0.66 to 1.44. However, rather than sending a message, the journal was 
penalized, by not being included in the 2008–2009 JCR [61, 62].

1.6  Countermeasures Implementation

Even though, at a first glance, scientific misconduct feels overwhelming, it is true that 
the scientific community has already gone a long way with fraud prevention and 
detection. A robust peer-review process, put forward by most scientific journals, con-
stitutes a first obstacle for potential perpetrators. Furthermore, regulatory bodies 
establishing guidelines have been instituted around the world. Since the establishment 
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of ORI in the USA in 1992 and COPE in the UK in 1997, many National Bodies for 
Ethics in Science currently exist in all European and North American countries. 
Whistle-blowers are protected by clauses of confidentiality. Many journals now vali-
date research results with a dedicated statistical analysis, so to avoid fabrication and 
falsification. Plagiarism and image manipulation can now easily be detected with 
appropriate software such as TurnitIn®, SafeAssign®, CrossCheck®, Déjà vu®, and 
eTBlast®.

Combating fraud in publishing is not only a matter of good and bad literature. 
Eventually, bad references will be cited and may drive scientific research toward a 
wrong direction. Therefore, in a scientific world of prolificacy-driven academic 
careers, it is essential that scientists focus on quality rather than quantity.
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The Use of English and Its Editing

Andrew Quaile

2.1  Introduction

I act as Content Editor for International Orthopaedics which is written in English 
and what I would consider as the original language. English is also the language 
used in the majority of prestigious Orthopaedic Journals. This is a historical fact and 
not one for discussion in the chapter. English by its very nature is a mixture of lan-
guages with influences from Latin, Anglo-Saxon, Norse and most recently French. 
It has been said that 60% of English has French roots, and it has been further influ-
enced by the American adaptions. Journals can therefore vary with the ‘English’ 
they use. American Journals will tend to use the American version and British 
Journals the British. Despite vigorous debate the English actually used is secondary 
to the purpose of ‘getting the message across’. This chapter attempts to dispel the 
myths of that debate and empower authors to provide an entertaining, educational 
and publishable article.

2.2  What Are the Challenges?

The challenges facing authors, in order to get an article published in a prestigious 
Orthopaedic Journal, are manifold. It should be obvious that a well-presented article 
has a much better chance of being published and cited. A shambolic and poorly 
written article has a lower chance of being accepted even if the science is good. That 
is because the message has to be understood by the readership of the journal and 
therefore needs a consistent recognisable style. It does not need to have the prose of 
Shakespeare, but it does need to be readable and furthermore entertaining enough to 
keep the reader’s attention. This should be automatic, but in my experience of both 
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reviewing orthopaedic articles and content editing, there are many poorly written 
articles, some of which need a virtual rewrite to make enough sense to be published. 
Such interference runs the risk of changing the sense of the article which is clearly 
something that should be avoided. The way language is used is a major part of get-
ting your message across to colleagues. Your article should, therefore, adopt the 
same techniques used in all walks of life, business and politics. You are trying to 
persuade the journal editor, reviewer and eventually readership of its value to you 
and to them. A well-written and well-organised article is far more likely to do so.

If English, in all its forms, is not your native tongue, it would be an advantage to 
have a native English speaker review your article. If there is no one immediately 
available, there is online support available from a number of firms who can supply 
translation services, and indeed some journals offer a similar type of service. There 
are also services such as ‘Google’ translate. Care needs to be exercised here as the 
standard of translation is actually not very good, and it will tend to default to the 
American version of English which would need changing to the British version if 
the article is offered to a British journal or indeed International Orthopaedics. 
Articles written in Word tend to autocorrect to the American version of English 
unless you are able to change the parameters of the programme. It should also be 
recognised that Orthopaedic Journals are distributed throughout the world and to 
colleagues whose English is minimal or at least not advanced. The language used 
therefore has to be able to get the concepts in the article across in a simple and 
straightforward fashion. One British journal describes informing ‘the man from 
Mandalay’ as a way of getting authors to understand their audience. Journals are not 
just read in New York and London. There must therefore be a responsibility to edu-
cate the reader in the English language by ensuring what is written is indeed ‘good 
English’.

2.3  Tips and Tricks for a Successful Submission

Consistency, consistency and consistency would be the first and foremost piece of 
advice here. It is remarkable the number of articles I see during content editing that 
use different spelling or different punctuation for the same word in the same para-
graph. The article should be one which educates and is relevant to the readership. It 
can only do so if the message contained is clearly communicated and understood.

It should be recognised that there are two main forms of English, and therefore 
some research needs to be carried out prior to submission to understand the style of 
the target journal. This style can be understood by both reading the journal and by 
reading the instructions to authors which all journals publish. It is remarkable how 
rarely this is done. Obviously as orthopaedic surgeons, we want to concentrate on 
the science, but much pain will be reduced if the instructions are read. Some exam-
ple of the different spelling used would be orthopaedic/orthopedic, paediatric/pedi-
atric, tumour/tumor, fibre/fiber, oedema/ edema and aetiology/etiology. The British 
version is the first example. The use of ‘ise’ at the end words rather than ‘ize’ is 
another British form of English. Whilst it would not be regarded as a critical 
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problem if the article was presented in the American form of English to a British 
journal, it would tend to show that the style of the journal had not been 
appreciated.

The title of the article is very important as it is both the selling point of the article 
and the way it is identified via search engines such as Pubmed and Google Scholar. 
The title will also have relevance to the journal’s impact factor and the number of 
citations received. It therefore needs to accurately describe the contents and be rel-
evant to the paper. It should be relatively short and punchy whilst delivering the 
necessary description. Think of a newspaper headline. There should be no abbrevia-
tions, no numerals or no acronyms, and furthermore dates should be fully written 
out. As much thought should go into the title as the rest of the paper as this is its 
selling point.

Phrases should be carefully constructed and the use of language skilful. Phrases 
such as ‘this present paper’ should more properly be ‘this paper/our paper’. The 
word ‘surgeries’ does not exist in British English as the plural of surgery. It should 
more properly be operations, operative procedures or indeed surgery. Similarly 
operated becomes operated upon or perhaps treated.

Hyphens and their use is the greatest problem I come across in performing con-
tent editing. They are very poorly understood and used inconsistently. There is a 
distressing tendency to invent words in orthopaedics by joining them together, arriv-
ing at a mega-word which is impossible to say or indeed understand. The purpose of 
hyphens is to aid understanding, not to make comprehension more difficult. They 
are supposed to be used in compound words to show the components have a consis-
tent meaning such as mother-in-law. They are most commonly used in orthopaedics 
to join a prefix such as intra-operative, post-operative, pre-operative and post- 
traumatic. Not using a hyphen in these situations produces an ugly word and also 
places two vowels together in some situations, which should be avoided wherever 
possible. Hyphens are further used as word breaks in editing. The use of hyphens 
should be consistent, aiding understanding and comprehension of your article. 
Sadly, this is not often the case.

Numbers should be written out from one to ten, apart from when in brackets, and 
from 11 onwards in numeral form. This largely relates to numbers used with periods 
of time, numbers of patients, implants and so on. Numbers used with weights and 
measures, percentages and fractions tend to be expressed as numerals.

Furthermore, it is better to express time in words as it seems illogical to write out 
years, months, days and hours but not to write out minutes and seconds. It also aids 
understanding as, for instance, the abbreviation ‘min.’ could mean minimum. 
Weights and measures have their own well-developed abbreviations.

2.4  Common Mistakes and How to Prevent Them

The most common mistake by far is lack of consistency of spelling or language 
throughout an article. That shows lack of editing by the author and therefore lack of 
care in its production. It also reveals a ‘slap-dash’ tendency which devalues the 
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article and makes the reader wonder about the underlying science and care taken in 
the research it purports to represent. It is therefore vital to proof-read your article 
before submission. Errors of language can be corrected during the content editing 
process, but lack of consistency in the use of spelling, punctuation or language con-
veys a careless attitude and should be avoided at all costs. Such lack of attention to 
detail could be terminal for your paper.

Time spent reviewing your title and comparing it with other articles on the same 
subject will help in having your article published and recognised by search engines. 
Other similar articles are likely to have been quoted with your references which will 
act as an ‘aide memoire’.

Having your article reviewed to check the language and content either by a native 
English speaker or by an English-speaking colleague will help iron out obvious 
deficiencies and to produce a well-honed article which stands more chance of 
publication.

2.5  Take-Home Message

 1. Clarity of language is crucial to get your message across.
 2. Have your manuscript read by native English speakers.
 3. Reviewers will tend to reject a paper if it is not well written.
 4. Spelling and grammar mistakes reduce the impact of your paper.
 5. Understand and follow ‘instructions to authors’ from the relevant journal.
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Developing a Sound Research 
Methodology

Luca Pierannunzii

3.1  Introduction

A sound methodology is essential to produce publishable results. Both original 
 articles and systematic reviews are research-based manuscripts. In this chapter we 
will focus on the preparation of a clinical study, which is reported through an 
 original article, while we will ignore Systematic Reviews methodology, since it will 
be dealt with in a subsequent chapter (“systematic reviews and meta-analyses”).

The main quality of biomedical research is the originality of the subject: this 
means that studies should answer novel, important research questions [1]. Finding 
original research questions represents the true challenge for most scholars, as 
“original” in medical literature is the combination of three features: “unpublished,” 
“not derivable from previous publications,” and “topical and clinically relevant.”

The clinical relevance is the condition next to novelty: orthopedic research is 
mostly clinical or preclinical, which implies that some manuscripts, although truly 
novel, may be rejected by editors of clinical journals simply because the results 
cannot be translated into tangible consequences for the clinical practice (Fig. 3.1).

The PICO method [2] is helpful in developing adequate research questions, as in 
this example:

P Population/patient Patients over 40 with hip osteoarthritis Tönnis grade 2–3 and 
femoroacetabular impingement

I Intervention/indicator Hip arthroscopy
C Comparator/control Total hip arthroplasty (THA)
O Outcome Patient’s satisfaction (NRS) and mHHS

Question: Do patients over 40 with hip osteoarthritis Tönnis 2–3 and femoroac-
etabular impingement after hip arthroscopy have subjective and clinic-functional 
benefits non-inferior to THA?
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The clinical studies are commonly classified in experimental and observational 
[3]: the former exposes the subjects to a factor that potentially modifies their health 
status (a surgical procedure, a pharmacological treatment, a rehab protocol); the 
latter observes the results of an exposure that has already occurred independently of 
the research (e.g., having received a certain type of joint replacement, suffering 
from a disease like osteoporosis or osteoarthritis, smoking, etc.).

Experimental studies are always prospective and possibly comparative: if the 
allocation is randomized, the study is a RCT (randomized controlled trial). 
Sometimes ethical concerns or low budget keep researchers from choosing a RCT, 
that otherwise would guarantee the highest level of evidence.

Observational studies are further divided into cohort (i.e., prospectively or retro-
spectively followed from the exposure to the outcome), case-control (i.e., retrospec-
tively investigated from the outcome to the exposure), and cross-sectional study 
(where outcome and exposure are detected simultaneously).

Specific guidelines to report observational and experimental studies are, respectively, 
STROBE (STrengthening the Reporting of OBservational studies in Epidemiology [4]) 
and CONSORT (CONsolidated Standards Of Reporting Trials [5]).

3.2  What Are the Challenges?

• Assessing the originality and refining the research hypothesis requires a 
systematic search throughout the main biomedical databases (PubMed/

Topical and clinically
relevant

O

N
Unpublished

Not derivable from
previous publications

Fig. 3.1 Diagram showing the relationship between original (O), novel (N) and “unpublished,” 
“not derivable from previous publications,” and “topical and clinically relevant”
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MEDLINE, Google, Web of Science, Scopus, etc.) to ascertain that the sub-
ject was not satisfactorily addressed by previous studies. (1) If many articles 
can be found describing well-designed studies and leading to consistent 
conclusions, probably the subject is not as original as we thought, and there 
is little need of further evidence. (2) If many articles show conflicting 
results, we should try to overcome possible errors and bias designing a study 
with higher level of evidence [6]. In case level 1 or 2 studies are already 
reported, probably the question might be better answered with a systematic 
review. (3) If the search results in a few studies with variable/uncertain con-
clusions, then the subject is insufficiently explored indeed and is likely to 
deserve a focused investigation.

• Designing a clinical study is challenging, and most orthopedic surgeons need the 
assistance of a biostatistician to plan the study properly. Methodological errors 
such as an undersized sample or a wrong test may compromise the reliability of 
conclusions. For this reason the statistician should be consulted prior to collect-
ing data and not afterward.

• The knowledge of the existing literature is important to calculate the sample size 
and to decide how to measure the outcome: the more our data is homogeneous 
with other Authors’, the easier it will be to compare results and produce meta- 
analyses. Data collection should be careful, especially if it involves a degree of 
manual skills or discernment. In these cases outcome-related measures should 
possibly be repeated by two examiners, and both intra-rater and inter-rater agree-
ments should be calculated. Blindness or even double-blindness is recommended 
when ethically applicable.

• Authors are encouraged to register their protocols as soon as possible, anyway 
before subjects’ enrollment, through www.clinicaltrial.gov or other registries 
listed in the International Clinical Trials Registry Platform (ICTRP) http://www.
who.int/ictrp/network/primary/en/ [7]. This registration is compulsory whenever 
the study design is experimental and prospective.

• The ethical requirements for research on human subjects have to be timely ful-
filled before the beginning of the study: in the manuscript the Authors are 
requested to state that their investigation complies with the Declaration of 
Helsinki [8], that all the participants signed an informed consent, and that the 
responsible Ethics Committee/Institutional Review Board approved the proto-
col. Not fulfilling just one of these three conditions might result in an editorial 
rejection on ethical ground, unless the exemption is guaranteed by law or other 
national regulations [9].

3.3  From a Clinical Study to an Original Article

Scientific articles should always be neat and concise, from the title through the 
abstract to the full text. Authors have to adhere to methods and data, presenting 
them in an orderly fashion through the IMRaD structure [10].

The title should not only be informative but also concise and engaging;  
the abstract is a short but complete summary, with mention of purpose, 
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methodology, results, and conclusion: “writing a good abstract is not abstract 
writing” [11].

The Introduction should briefly summarize the background knowledge and jus-
tify why this study is needed (gap of knowledge) and why its results may be clini-
cally relevant. At the end of the introduction, the Author should always state the 
hypothesis.

Materials and Methods is the section where the protocol of the study is 
described both from a clinical point of view (disease, treatment, follow-up) and 
from a statistical point of view (tests, alpha, power, sample size, etc.). Each out-
come (endpoint) listed in Materials and Methods should correspond to data in 
Results. Check the ratio 1:1 between endpoints anticipated in Materials and 
Methods and data reported in Results. The Results section usually is the only one 
with no references.

The Discussion is the place where Authors summarize their results, compare 
them with results found in literature, explicit strengths and weaknesses of their 
work, and state the conclusions (in other words whether the hypothesis is verified  
or not).

In regard to the length of the manuscript, as long as you need, but as short as you 
can is the best recommendation. Verbosity diverts readers’ attention and usually 
aims at masking lack of contents. Scientific writing is a technical writing where 
each sentence conveys a piece of information. An original article is not supposed to 
be read from the beginning to the end like a narrative paper; readers should be  
able to find quickly the information they need simply knowing where it should  
be located.

3.4  Common Mistakes and How to Prevent Them

Data presentation is critical and often defective or redundant. It should be statisti-
cally complete and formally compliant with Instructions for Authors: i.e., continu-
ous variables will be expressed as mean value ± standard deviation and range or, in 
other journals, as mean value, 95% confidence interval and range. When possible 
and convenient, data will be summarized in tables, avoiding duplicating it in the 
text. Lastly, in Results it’s better not to write next to statements “p < 0.05” because 
it is obvious if 0.05 is your level α; Authors should write instead the exact value of 
p (i.e., “p = 0.026”).

Another common mistake is describing the samples (i.e., demographics and con-
founding factors) in Results, while they should be described in Materials and 
Methods. Even if a statistical analysis was necessary to ascertain that the group of 
patients was comparable to the group of controls, this information belongs to 
Materials and Methods.

Lastly, it ought to be reminded that fractionating a large study into minimum 
publishable units (or MPU) is a questionable research practice very close to the self- 
plagiarism and might lead to the rejection of the following manuscripts.
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3.5  Take-Home Message

The scientific research methodology is a process that we learn both regularly read-
ing scientific articles and participating in clinical research from the very beginning 
of our careers. These are the key points:

• Be curious: often researchers are driven to brilliant topics merely by curiosity.
• Scan regularly the up-to-date literature, to recognize emerging and/or controver-

sial topics timely.
• Be familiar with biomedical databases and with search engines, to check the original-

ity of the topic and find akin articles (that constitute the background knowledge).
• Ask the assistance of a statistician to elaborate the protocol. However it is recom-

mended to be comfortable with basic statistics, at least to have a profitable rela-
tionship with the statistician.

• Fulfill the obligations (trial registration, ethical clearance).
• Find sufficient resources to guarantee the financial coverage of the study.
• Perform the study in a reasonable period of time, to preserve the topicality of the 

subject.
• Prepare an original article, to share the results with the scientific community. The 

use of templates (i.e., those made available by several journals together with 
Instructions for Authors) or checklists for proper reporting clinical studies [4, 5] 
will prevent you from dropping important pieces of information.
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What Editors and Reviewers Look for: 
Tips for Successful Research Publication

Ryan Stancil, Seth S. Leopold, and Adam Sassoon

4.1  Introduction

Scientific reporting of original biomedical research can and should be demanding. 
After all, the health and well-being of our patients depends not just on the rigor of 
the studies being reported but also on our ability to understand who was included in 
those studies, how they were treated, and how endpoints were assessed. Clarity, 
therefore, is critical.

But demanding need not mean difficult. Sensible principles underlie the 
reporting standards that journals use and tools can make presenting the mate-
rial much easier on authors. This chapter highlights the common challenges 
authors face as they set out to present their work for publication in peer-
reviewed journals, offers some tips to help mitigate those challenges, identifies 
several common mistakes that recur in scientific reporting, and proposes some 
ways to avoid them.

4.2  What Are the Challenges?

Undoubtedly, the challenges vary—based on the authors’ experiences as researchers, 
the resources available, the topics being studied, and countless other factors. But we 
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find that successful research papers have several things in common. Papers that suc-
ceed in peer review:

• Ask focused, answerable research questions.
• Summarize their methods clearly.
• Present their results so the reader remembers them.
• Structure the introduction and discussion for maximum effect.
• Outline and justify the study’s limitations.

4.3  Tips and Tricks for a Successful Submission

4.3.1  Ask Focused, Answerable Research Questions

Good research begins with good questions. To attract the attention of readers—a 
key mission of most journals—questions should be relevant to research or practice 
and should not have been answered definitively by earlier work. For the project to 
be practical, the questions must also be answerable within the means available: suf-
ficient patient volume, financial and staff resources, equipment, and experience. 
Large studies, randomized or prospective studies, and blinded studies all increase 
the demands on the research team’s experience and resources.

Clear questions focus on specific endpoints. Compare the following research 
questions:

“Is the risk of hip dislocation within 6 months of surgery greater in the direct 
anterior or the posterior approach to total hip arthroplasty?”

and
“What are the outcomes of direct anterior total hip arthroplasty?”
The former is an example of a clear question: In a single sentence, it describes 

the patient population, the intervention or exposure that will be studied, the com-
parator groups, and the outcome of greatest interest. A well-focused research ques-
tion points to plausible methods that might be used to answer it (more on this just 
below) and gives the reader a clear expectation of what (s)he will gain by reading 
the study. The latter gives the reader no real inkling of what the study is about.

Vague terms like “outcomes” or “results” in general should be avoided in research 
questions, in favor of more specific, testable endpoints.

4.3.2  Summarize the Methods Clearly

Research questions that focus on specific questions help readers, but they also guide 
the research team to the right methods to answer them. Vague questions—like “what 
are the outcomes of direct anterior total hip arthroplasty?”—provide no such guid-
ance. In this context, “outcomes” could refer to pain relief, return of function, the 
proportion of patients experiencing complications or undergoing reoperation, cost- 
effectiveness, or any of dozens of other more meaningful endpoints, each of which 
would call for entirely different study designs. Our better question—about early 
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dislocations after surgery—can help the research team craft suitable methods to for 
arriving at the answers.

If the research design is particularly complicated, beginning a methods section 
with an overview paragraph that provides the “big picture” can be helpful. An 
experimental design figure can also sometimes help, if there are multiple experi-
ments or modalities.

If the study asks several questions, as many do, there is nothing wrong—and a lot 
right—with topic sentences like “To test our first question [restate question here], 
we [briefly summarize methods on how the first question was tested].”

Good tools exist that can help the clinician-scientist present his or her methods 
clearly. The Centre for Evidence-Based Medicine has published multiple “Critical 
Appraisal Worksheets” for the common study designs: systematic review, diagno-
sis, prognosis, and therapy/RCT [1]. In these, an author can ensure that the methods 
presentation addresses the common sources of bias that readers care about in each 
of those study designs. They are briefly summarized below in Table 4.1.

In addition, three widely accepted and easy-to-use checklists walk authors 
through the most common types of clinical research studies. STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology) is handy for writing up 
retrospective clinical studies of many designs, including cohort, case control, and 
cross-sectional studies [2]. CONSORT (Consolidated Standards of Reporting 

Table 4.1 Critically appraising clinical research methods

Diagnostic study Prognostic study
Therapy or 
RCT Systematic review

Are the 
results valid?

Test evaluated in a 
representative 
spectrum of 
patients?

Patients 
assembled at a 
common (early) 
point in disease 
course?

Assignment of 
patients 
random?

What question did 
the systematic 
review address?

Groups similar 
at start of 
trial?

Follow-up 
sufficiently long 
and complete?

Groups treated 
equally?

Unlikely that 
important, relevant 
studies were 
missed?

All patients 
that entered 
the trial 
accounted for?

Reference standard 
applied 
universally?

Outcome criteria 
objective or 
applied blindly?
Adjustments 
made between 
subgroups?

Appropriate article 
inclusion criteria?
Included studies 
valid for 
question?

Measures 
objective or 
were patients 
and/or 
clinicians 
blinded?

Results similar 
from study to 
study?

Independent, blind 
comparison 
between index and 
gold standard 
tests?

(continued)
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Trials) walks the author through the key elements of randomized controlled trials 
[3]. Finally, PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-analysis) covers what authors would want to know about the reporting of sys-
tematic reviews and meta-analysis [4]. Covering these in detail is beyond the scope 
of this chapter, but these tools are easy to use, comprehensive, and freely available 
on the Internet. In fact, their use is mandated by many better journals, including The 
Journal of Bone and Joint Surgery and Clinical Orthopaedics and Related Research.

4.3.3  Present the Results so the Reader Remembers Them

While every study design—indeed every study—will make different demands on its 
author in terms of how the results should be presented, the author should try not to 
make too many demands on the reader in the results section. After all, this is where 
the study’s key messages get delivered, and the goal is to help the reader understand 
those messages. Several simple steps can help.

First, consider organizing the results section in parallel with the research ques-
tions. If there are three research questions or purposes, consider answering them 
with three results paragraphs, in the same order as those questions were posed. 
Remember, science is the process of answering questions. Presenting the questions 
and their answers in sequence makes it more likely the reader will retain those 
answers.

Next, rather than diving straight into complex analyses or statistics, begin each 
results paragraph with a plain language summary sentence that contains a minimum 
of jargon or names of statistical analyses. In fact, there is little reason to present the 
names of analyses at all in the results section, since they were already covered in 

Diagnostic study Prognostic study
Therapy or 
RCT Systematic review

What are the 
results?

Test characteristics 
presented? 
(sensitivity, 
specificity, positive  
predictive value, 
negative predictive 
value)

How likely are 
the events over 
time? [graph 
suggested]

How large was 
the treatment 
effect?

How were the 
results presented? 
[forest plot 
suggested]What were the 

measures (RR, 
ARR, RRR, 
NNT)?

How precise are 
prognostic 
estimates?

Heterogeneity 
explored?

How precise 
was the 
estimate of 
treatment 
effect?

Applicability 
of results?

Methods described 
in sufficient detail 
to permit 
replication?

Applicable to 
individual or 
group of patients?

Applicable to 
individual or 
group of 
patients?

Applicable to 
individual or  
group of patients?

Table 4.1 (continued)
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methods. In this part of the paper, the reader wants the answers to the questions, not 
how those answers were derived.

Finally, focus on effect size and direction rather than “statistical significance.” 
Again, the methods section should already have defined what the paper considers a 
statistical difference that was unlikely to have been a chance effect, and so the reader 
trusts that the author will not claim a “difference” that did not pass the relevant 
statistical test. In the results section, the reader simply wants know how large the 
difference was, and which treatment it favored.

For example, imagine a study that evaluated a new topical anticoagulant used 
during spine surgery by comparing it to placebo. Which topic sentence conveys 
more information?

When comparing Nobleedum spray to placebo, a significant difference was found 
on the t-test (p < 0.05).

or
Patients treated with Nobleedum spray experienced less blood loss during sur-

gery than did patients treated with the placebo (850 ± 75 versus 400 ± 50 cm3, 
p = 0.02).

The second example is more effective because it identifies the endpoint being 
considered and gives the reader a sense both for the effect’s size and its direction. It 
provides as much statistical information as the first example—in fact, more—but 
does so in a way that doesn’t dwell on the unhelpful and often-confusing adjective 
“significant.” Beginning each results paragraph with a clear topic sentence like that 
offered by the second example here makes it much more likely that the reader will 
understand and remember the study’s main messages. In fact, the effective use of 
topic sentences allows the reader to discern a paper’s main message quickly and 
easily, simply by reading the first sentence of each paragraph in the results section. 
Assume your readers are as busy as you are; make it easy on them.

4.3.4  Structure the Introduction and Discussion for Maximum 
Effect

We find that authors often are uncertain about what belongs in an introduction, what 
belongs in a discussion, and what doesn’t belong in a paper at all. While every jour-
nal has its own house style—which includes not just formatting issues but also what 
kind of material goes in which section of the scientific papers it publishes—some 
general approaches serve well across the board. Here is one such approach:

Consider that the job of the introduction is to give the reader just enough infor-
mation to allow him or her (1) to understand the importance of the topic, (2) to 
decide that reading on will be worth the time spent, and (3) to know precisely 
what questions the paper will answer. With that in mind, a short introduction—
three paragraphs, one to meet each of those goals—usually does the trick in a 
straightforward clinical research paper. The first paragraph should convince the 
reader that the topic is important. While “important” will vary depending on who 
is reading (e.g., a great study on hallux valgus may not be important to a hand 
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surgeon), in general an author can establish importance of a paper by convincing 
the reader that it addresses a problem that is common, morbid, expensive, or dif-
ficult to treat. The second paragraph should focus on the study’s rationale: the gap 
in knowledge that the authors set out to fill when they decided to begin the project 
or a controversy that the study might help settle. A compelling rationale paragraph 
will convince the reader that staying with you is worth the time (s)he will need to 
invest, which is no small commitment. Simply saying that a topic has not been 
reported on before may not itself be a convincing rationale; sometimes, topics 
have not been explored because they are unimportant or uninteresting. This is why 
it is effective to begin with a paragraph of background (why the topic is impor-
tant) before pointing to the study’s rationale (the gaps in knowledge of that topic 
the study will help fill). Finally, end the introduction with a short paragraph con-
sisting of the specific research questions or purposes. If the rationale paragraph is 
written clearly, the last paragraph on research questions indeed can consist only 
of “We therefore sought to study…” and provide the specific, testable research 
questions.

Short introductions do not mean bloated, discursive, or ill-focused discussions. 
An effective discussion will (1) hook the reader, (2) cover the study’s limitations, 
(3) compare the findings to others, and (4) wrap it up. A discussion might open with 
a paragraph where the background and rationale are briefly restated, followed by a 
short summary of the paper’s main findings (some journals prefer that the questions 
are restated instead of the main findings—check out the target journal for house 
style on this point). A discussion section must cover a study’s limitations; whether 
this is done in the second paragraph of the discussion or toward the end of it is, once 
again, generally a matter of that journal’s style. Next, consider organizing the dis-
cussion around the research questions. A paragraph of discussion per research ques-
tion is a good place to start (if the question was important enough to ask, it’s 
important enough to discuss)—and often a great place to stop, since more than this 
can result in a reader losing track of what is important. Each discussion paragraph 
should compare the findings on one research question to other studies on similar 
topics and speak to the generalizability of those findings; once again, it helps the 
reader if this is done in the order those questions were asked. If the study’s results 
are different from others, the authors should suggest why this might be—different 
techniques? Different study populations? Different analytic methods? If the results 
are similar to those reported by others, the authors should explain how the new work 
extends what is known or why confirming it merits the reader’s attention. Finally, a 
good discussion section should conclude by helping the reader know what might be 
done with the results, how (if at all) the findings should influence practice, what 
unanswered questions remain, and how future studies might go about answering 
them.

Anything more than that—exhaustive literature reviews, summaries of related 
laboratory research findings in clinical research papers, facts the team finds interest-
ing and learned along the way—need not appear in a clinical research paper. Save 
those for the review article.
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4.3.5  Outline and Justify the Study’s Limitations

By the time a clinician-scientist is writing up a paper, (s)he has spent months or 
years living with the project. Emotional bonds form. But like our friends and rela-
tives—and like us—our papers have limitations. Good papers discuss these can-
didly. Simply listing a study’s limitations, though, is not helpful; the goal of this 
section of the discussion is to justify those limitations, that is, to help the reader 
understand how each specific limitation influences the effect size, generalizability, 
or robustness of the main findings. A good way to do this is to focus on the main 
kinds of bias that commonly influence the research design that was used; the Centre 
for Evidence-Based Medicine offers some useful outlines of these topics [1]. Here, 
we will focus on three of the most common kinds of bias that influence the conclu-
sion in the most common research design in orthopedic journals: the retrospective 
study on therapy [5]. Three kinds of bias beset papers of this design in almost all 
instances: selection bias, transfer bias, and assessment bias [6]. In retrospective 
observational studies, readers are concerned about these kinds of bias, and authors 
should help them understand to what degree the conclusions are compromised  
by them.

Selection Bias: Do the study’s patients truly represent the patient population of 
interest, or were only the “easy ones” studied? In general, the effect of this kind of 
bias is to inflate the apparent benefits of newer treatments being studied.

Transfer Bias: Was the follow-up sufficiently long and complete to identify the 
outcomes (and complications or failures) of interest? As patients who are missing 
are more likely to have had an adverse event—failure, complication, or reopera-
tion—the higher the proportion of patients lost to follow-up, the better the treatment 
being studied will look [7, 8]. A study reporting good results in 95% of patients but 
accounting for only 60% of the patients treated may indeed be misleading. This is 
especially important if the treatment groups suffered from differential loss to fol-
low- up; if the treatment group has lost more patients to follow-up than the control 
group, the treatment will look better than it probably is.

Assessment Bias: Who assessed the outcomes, and how were they assessed? The 
answer to a well-constructed research question can be undermined or invalidated by 
improperly assessing the answers to that question. Assessment bias can occur when 
an interested party (e.g., the operating surgeon) performs the outcome measure 
assessments or if non-validated tools are used. Be especially mindful of studies that 
purport to assess “satisfaction”; this is notoriously difficult to evaluate [9].

4.4  Common Mistakes and How to Prevent Them

• Don’t ask vague research questions. Avoid terms like “outcomes,” “results,” and 
“our experiences with,” in favor of more specific study endpoints. Using the 
Centre for Evidence-Based Medicine’s “PICO” tool (Patient, Intervention, 
Comparison, Outcome) can help, as well [10].

4 What Editors and Reviewers Look for: Tips for Successful Research Publication



26

• Don’t confuse statistical significance and clinical importance. There is little ben-
efit—and much potential harm [11] to using the terms “significant” or “statisti-
cally significant” anyplace other than the statistical methods section of a paper. 
Readers who are not statistically savvy risk confusing the passing of a statistical 
test with the clinical importance of a finding. Some results are “statistically sig-
nificant” because the study group is very large—indeed this is common with 
large randomized trials and national databases or registries—even though the 
effect sizes are small. Make no claims of difference unless those differences 
indeed have cleared the statistical hurdles set in the method’s section, but once a 
difference has cleared that hurdle, focus on whether the observed difference is 
clinically meaningful. In the results section, concentrate instead on effect size, 
odds or hazard ratios, numbers needed to treat or harm, and other measures that 
allow the reader an intuitive sense for whether the observed differences were 
large or small. Consider framing the results in terms of the minimum clinically 
important difference (MCID), if it is known for the outcomes tool being used 
[12] and explain what it means if the observed “differences” indeed are smaller 
than the MCID, as this can completely change a study’s conclusion. In the dis-
cussion section, indicate whether those observed differences are worth the inevi-
table trade-offs that arise in clinical medicine, like cost, risk, and uncertainty.

• Don’t waste your time—read the author instructions. Read a journal’s author 
instructions before submitting (or even writing up) your work for that journal. 
Make sure your work is within that journal’s remit and that you’ve adhered to 
that journal’s house style. Many journals offer templates that make writing to 
their style easier. Since their reviewers have grown accustomed to seeing manu-
scripts in that style, not adhering to it places your work at a severe competitive 
disadvantage in the review process.

• Don’t violate normative or ethical standards of scientific publishing. Each jour-
nal has its own standards for such things as authorship, conflicts of interest, and 
redundancy; many better journals employ available and well-considered interna-
tional standards, such as those articulated by the International Committee of 
Medical Journal Editors [13] and the Committee on Publication Ethics [14]. Be 
familiar with the journal’s policies on these matters before submitting, familiar-
ize yourself with the available guidelines and tools at www.icmje.org and www.
publicationethics.org, and adhere to them. If in doubt, email your query to the 
journal’s editor. Ghost or guest authorship, undisclosed or incorrectly disclosed 
conflicts of interest, and redundant publication (“salami slicing”) will commonly 
result in a manuscript’s rejection or worse. Errors in these areas can taint or ruin 
careers.

• Don’t overreach—present your conclusions modestly. Few things turn a reader 
(or reviewer or editor) off more than an immodest or overstated conclusion. If 
you are uncertain about whether your study’s conclusion paints within the lines, 
consider reading your paper to someone whom you know disagrees with your 
study’s point of view, and be open to modifying things accordingly, since there 
is a good chance that one or more reviewers may not see things exactly as  
you do.
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4.5  Take-Home Messages

• Good science is about questions and their answers. Ask clear, focused questions 
around specific, testable endpoints. Organize every section of the paper—meth-
ods, results, and discussion—around those questions.

• Make sure your reader knows how the questions were tested. Use STROBE, 
CONSORT, or PRISMA (whichever applies) to structure a methods section that 
is robust and easy to follow. Reassure the reader that the common kinds of bias 
identified in the Centre for Evidence-Based Medicine’s “Critical Appraisal” 
tools [1] are not disqualifying flaws.

• Present the results so simply that no one can misunderstand them. Begin each 
results paragraph with a plain language summary sentence that a nonscientist 
would understand. Focus on the endpoint tested, the effect’s size, and its direc-
tion, not “statistical significance.”

• Hook the reader with a background that demonstrates the study’s importance 
and a rationale that convinces him/her that (s)he cannot afford to skip over the 
paper. These elements are the “meat” of the introduction section and should 
appear again in the first paragraph of the discussion.

• Be modest. Present the study’s limitations explicitly, and you make it clear how 
those limitations should influence the reader’s understanding of the study’s main 
findings. Indicate to the reader to what degree the work might—or might not—
generalize to other patient groups or practice setting. Focus the conclusions on 
what was actually tested.

Acknowledgment The authors gratefully acknowledge Richard A. Brand, MD, whose efforts to 
refine and disseminate a question-driven approach to scientific reporting deeply influenced our 
own approaches and whose paper “Writing for Clinical Orthopaedics and Related Research” [15] 
is a must read, regardless of what journal one is writing for.
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Medical Writing: Systematic Reviews 
and Meta-analyses

Simon Tiziani and Hans-Christoph Pape

5.1  Introduction

5.1.1  Historical Aspects

Until three decades ago, access to medical knowledge represented a major limiting 
factor, on one hand. Medical books were priced highly, so that they were limited to 
larger libraries, or wealthy individuals. On the other hand, these textbooks tended to 
be out of date rather quickly, and there were difficulties in keeping up with the rap-
idly growing body of knowledge in due time.

In contrast, we nowadays tend to struggle with the sheer amount of publications 
being released daily, rather than issues in accessibility. This applies for global 
knowledge and information relevant for medical subspecialties. Specifically, the 
growing body of open-access publishing has led to a rapid turnover and quick acces-
sibility in that regard [1].

5.1.2  Issues in Obtaining Medical Information Today

It has long been recognized that even particular clinical research questions are dif-
ficult to answer sufficiently through a single study. As of today, randomized con-
trolled trials are considered the gold standard for study designs aimed at answering 
questions about the efficacy of a new medical treatment. However, even those ran-
domized controlled trials that are supposed to have been conducted under high- 
quality circumstances are known to have limitations. Some authors suggested that 
sample sizes are too small; others discussed the presence of a persisting bias innate 
to the respective study designs. Furthermore, the applicability of the obtained results 
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to the general population has been questioned. Nonetheless, physicians, politicians, 
and the media frequently emphasize the results obtained by one particular study—
despite the fact that its relevance may be limited.

Moreover, the number of manuscripts published in medicine and biomedical 
research continues to increase. Thereby, it becomes progressively difficult even for 
a specialist in his respective field to stay up-to-date with his/her current particular 
research area. This applies even more for general practitioners that are bound to 
cover multiple medical fields. For these, it has become impossible to stay up-to-date 
with the literature.

The aim of this chapter is to give the reader an overview on how to critically read, 
plan, and report about the current literature. Specifically, it deals with the informa-
tion gathered in systematic reviews and/or meta-analyses. Furthermore, we try to 
equip the reader with the crucial references to guidelines on the conduction and 
reporting of such projects.

5.1.3  The Development of Systematic Reviews 
and Meta-Analyses

Systematic reviews and meta-analyses became available in the 1970s. They were 
closely related with the ability to use digital data and compare large trials and sets 
of data. These reviews tried to summarize those that appeared to gather too much 
information to be overseen by individuals or groups of researchers. Therefore, the 
idea of a systematic review became to provide a systematic collection of all research 
conducted and published regarding a specific research question.

The strategy of summarizing existing studies was fostered by Dr. A. Cochrane, 
who recognized that bigger data analyses are central to new developments in medi-
cal research. His monograph Effectiveness and Efficiency was published in 1971 
and delivered a scathing criticism of medical research and of solely looking at ran-
domized controlled trials for answers. He called for systematic reviews in order to 
provide evidence-based knowledge. Eventually, this led to the foundation of the 
“The Cochrane Collaboration” in 1993 with the goal to “prepare, maintain, and dis-
seminate systematic reviews of the effects of health care interventions” [2]. The 
Cochrane Library contains the Cochrane Database on Systematic Reviews and pro-
vided a major advancement of evidence by gathering of systematic reviews and 
meta-analysis in a major way [3].

Following the development of systematic reviews, meta-analyses were designed 
to synthesize results from different studies that looked at the same question in the 
same manner. The goal was to provide a quantitative pooled estimate and thus sup-
port or deny current evidence. In this line, meta-analyses can be but do not always 
have to represent part of a systematic review [4].

It is understood that any systemic review and meta-analysis can be vulnerable to 
bias, as it has to rely on the input of the data summarized in a given study. Therefore, 
a key task for researchers that deal with these studies is to test whether data are 
reported incorrectly and whether key information regarding the included studies is 
missing [5].
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5.1.4  Reading and Reviewing a Systematic Review 
and Meta-Analysis

It is vital to assess the information that lead to a systematic review. Moreover, sys-
tematic reviews should also be critically read an evaluated for their clinical applica-
bility. Guidelines have been described to improve the quality for reading a systematic 
review and meta-analysis published in 2014 [6]. In these guidelines, the authors 
state that ideally, two judgments should be made before applying the results to 
patient care. Every judgment includes different questions the reader should know 
that are listed in their original form below.

The first judgment regards credibility of the methods of the systematic review. 
Among the questions to be answered are the following ones:

• Did the review address sensible clinical question?
• Was the research for relevant studies exhaustive?
• Were selection and assessment of studies reproducible?
• Did the review present results that are ready for clinical application?
• Did the review address confidence in estimates of effects?

The last point is crucial because subsequent criteria used for the second judgment 
can’t be evaluated without knowing whether the authors reported on the different bias 
found in the included studies. Also, heterogeneity of the body of evidence is an issue. 
The second judgment includes six relevant points and is designed to test the confi-
dence in the effect estimates. This reflects whether the reported effects correspond to 
the true effects and whether they are expected to be toppled by future studies:

• How serious is the risk of bias in the body of evidence?
• Are the results consistent across studies?
• How precise are the results?
• Do the results directly apply to my patient?
• Is there concern about reporting bias?
• Are there reasons to increase confidence rating?

5.2  Planning a Systematic Review and Meta-Analysis

As with every research project, systematic reviews and meta-analysis have to be 
planned carefully and then be conducted diligently. There are numerous articles and 
books that deal with the planning and execution of systematic results. It is our goal 
to give a short summary of the most important points one should adhere to when 
planning a systematic review. The process of a systematic review should follow the 
basic steps listed below [4, 6]:

 1. Formulate the question to be investigated and define eligibility criteria.
 2. Search for trials.
 3. Screen titles and abstracts for eligibility
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 4. Read full texts of possibly eligible trials to determine their methodological qual-
ity, and justify exclusions.

 5. Assess the risk of bias.
 6. Compile data from trials included.
 7. Analyze the obtained trials, and apply statistical synthesis by conducting a meta- 

analysis if possible.
 8. Critically report your findings.

It appears that two major pitfalls should be considered when conducting a sys-
tematic review: (1) incomplete search for trials only via one search portal and (2) 
inclusion of trials in the systematic review only reading the abstract.

Thus, the goal of a systematic review is to adequately display and interpret the 
currently available body of evidence regarding a medical question. This however is 
contingent on the fact that all available literature is assessed for eligibility. An 
exclusive search on PubMed does not match the current needs of evidence (Fig. 5.1). 
In addition to the routine searches of Medline and Embase, investigators should also 
consider clinical trial registries, foreign language publications, non-peer-reviewed 
journals, and unpublished information known to physicians in the respective fields.

5.3  Reporting Systematic Reviews and Meta-Analysis

As important as carefully conducting the systematic review is the correct reporting 
of obtained results. A review of conducted systematic reviews shows that quality of 
reporting is still subject to vast variability with investigator not reporting key infor-
mation (e.g., whether there was an assessment of bias in the body of evidence). It is 
also interesting to see that quality varies between Cochrane and non-Cochrane 
reviews, with Cochrane reviews showing significantly better reporting [7].

Parallel to the CONSORT guidelines for reporting randomized controlled trials, 
an effort was made to define guidelines for reporting systematic reviews which led 
to the publication of the QUORUM guideline (quality of reporting of meta-analysis) 

I
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III

IV

V

Randomized trials

Prospective cohort studies

Case control studies

Retrospective case series

Opinion

Fig. 5.1 Hierarchy of 
evidence
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in 1999 [8]. The guidelines later were revised and published as the PRISMA criteria 
(Preferred Reporting Items for Systematic reviews and Meta-analysis) in 2009 [5]. 
PRISMA allows investigator to follow a step-by-step checklist when reporting their 
results in the form of a systematic review. The checklist includes 27 items to guide 
the author through manuscript compilation. An explanation of each recommenda-
tion is provided including an example.

One of the frequent flaws when trying to publish a systematic review is the fail-
ure of adhering to reporting standards. Incomplete reporting impairs the inability to 
assess the review according the selected criteria. It is of no use if possible bias of the 
body of evidence was investigated and taken under consideration when reporting 
about it is lacking.

Another pitfall is over-interpretation and hyping. Conclusions should be limited 
to the scope of the results yielded by the review and considering the limitations of 
the review itself. As often a systematic review is seen as the tool to correct for such 
bias in randomized controlled trials, one has to be extra careful with making definite 
statements and recommendations and be sure of the evidence supporting them [9].

Currently, different systems for confidence ratings have been described. 
According to the GRADE (Grading of Recommendations Assessment, Development 
and Evaluation) criteria, the clinical evidence levels can be categorized into high, 
moderate, low, and very low [10].

5.4  Big Data

Another approach to overcome bias and to try to get as close to the real truth is con-
nected with the term “big data” which has seen a rise in popularity lately. Clinical 
research often presents with the problem of being underpowered. Either a sample 
size calculation was omitted while planning the study or the calculated sample size 
is so big that a study would not be feasible. This especially applies to studies trying 
to investigate an event of which the prevalence already is low and supposed relative 
changes due to an intervention are low as well. It is not uncommon for a sample size 
calculation to kill a project.

Studies about postoperative infection rates after spinal surgery may be a good 
example. With the infection rates, depending on the procedure and the reason for 
operation, being in the single digits, studies assessing a change in postoperative 
infection rates would have to include patients in the thousands. For most ideas or 
interventions, this is simply not warranted.

The abovementioned facts often lead to researchers ignoring sample size calcula-
tions or even choosing not to conduct one to begin with. An underpowered study can 
be tainted by unknown bias, and usually significance cannot be detected, or obtained 
results cannot be generalized to the general population.

Thus, big data can be seen as an effort to deal with the abovementioned problems. 
It can take different forms. On the one hand, the most commonly associated with big 
data may be nationwide registries (TARN, DGU, Japanese registry, NTDB). Big data 
is not limited to registry and encompasses large cohort studies or randomized 
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controlled trials with big patient collectives. Large data sets require specific han-
dling. The vast amount of data especially in registries is prone to selection bias, and 
if a database reaches a certain size, every analysis with standard day-to-day statistical 
tools produces significant differences. This is why the maintenance and interpreta-
tion of big registry requires a professional team including biostaticians [11].
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6Epidemiological Studies

Charles M. Court-Brown and Stuart A. Aitken

Epidemiology has been defined as the ‘study of the distribution and determinants of 
disease frequency’ in human populations. In their excellent book on Epidemiology 
in Medicine, Hennekens et al. [1] state that epidemiology may be viewed as based 
on two fundamental assumptions. Firstly, that human disease does not occur at ran-
dom and secondly that human disease has causal and preventative measures that can 
be identified through systematic investigation of different populations or subgroups 
of individuals within a population in different places or at different times. Major 
areas of epidemiological study include the aetiology, transmission and screening of 
disease and investigations of the effects of treatment, these often being undertaken 
in prospective randomised studies.

We have attempted to define the role of epidemiological investigations in ortho-
paedic surgery. We will present the types of epidemiological studies that can be 
undertaken and a basic analysis of how the results of these studies can be assessed. 
This chapter is aimed at clinicians, and therefore we will not cover the whole of 
epidemiology. If further information is required, a specialist medical epidemiology 
[1] text should be consulted. As both authors have a major interest in orthopaedic 
trauma, most of the examples of the use of epidemiological studies and calculations 
will be related to fractures. However, the principles outlined in this chapter can be 
used for many diseases and medical conditions. An outline of the aims of an epide-
miological study is shown in Table 6.1.
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6.1  History

It has been stated that Hippocrates theorised in the fifth century BC that the develop-
ment of human disease might be related to the external environment as well as to the 
individual environment of a patient [1]. He suggested that the seasons, weather, 
local environment and the patient’s occupation and exercise regime might affect 
their tendency to develop different diseases. He believed that sickness of the human 
body was caused by an imbalance of the four humours: black bile, yellow bile, 
phlegm and blood. When these humours were in balance, the patient was healthy, 
but when they were out of balance, disease occurred. This belief led to the use of 
bloodletting and dieting in medicine. He devised the terms endemic, for diseases 
confined to one location, and epidemic, for diseases seen at a particular time.

There was no apparent attempt made to measure the impact of external stimuli 
on disease or mortality until 1662 when John Graunt published The Nature and 
Political Observations Made Upon the Bills of Mortality. He analysed the weekly 
reports of births and deaths in London and, for the first time, quantified patterns of 
disease in a population. He recorded a higher birth rate and mortality in males than 
females, a high infant mortality and a seasonal variation in mortality.

Hennekens et  al. [1] documented that little further progress was made until 
William Farr was given responsibility for medical statistics in the Office of the 
Registrar General for England and Wales in 1839. He set up a system for recording 
the numbers and causes of death, and he also analysed mortality in different occupa-
tions. However, it would seem that his major contribution was to facilitate the work 
of John Snow, the physician who postulated that cholera was transmitted by con-
taminated water. Snow’s work revolutionised epidemiological analysis of disease. 
As the treatment of infectious diseases improved, epidemiological analysis was 
used more in chronic diseases.

Semmelweiss was also an important pioneer in medical epidemiology. In 1847 
he studied and reduced infant mortality in a hospital in Vienna by instituting a dis-
infection procedure. As is often the case in medicine, his colleagues did not appreci-
ate the progress that he had made, and disinfection was not widely practiced until 
the work of Joseph Lister was accepted. In more recent times, the work of Doll and 
Hill [2] drew attention to the association of smoking and lung cancer.

The assumption is often made that epidemiological analysis of fractures is a 
recent phenomenon. However, surgeons in the nineteenth century undertook 

Table 6.1 The basic principles of conducting an epidemiological study

1. Establish that a problem exists that needs investigation
2. Collect as much information as possible about the disease or medical condition that you 
wish to investigate. Look for factors that predispose patients to the condition and factors that 
increase or decrease the likelihood of getting the condition
3. Look for patterns and trends that may identify risk factors for getting the condition
4. Formulate a hypothesis and test it
5. Publish the results
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epidemiological analysis of the fractures that they saw. Malgaigne [3] undertook 
two analyses of fracture epidemiology between 1806–1808 and 1830–1839. He 
examined 2377 fractures and analysed the age and gender of the patients, as well as 
the seasonality and location of the fractures. He stated that fractures were com-
monly seen in patients between 25 and 60 years of age, but that there were very few 
patients older than 60 years. He thought that fractures were more commonly seen in 
spring and that diaphyseal fractures were seen in adulthood, but intraarticular frac-
tures were seen in the elderly. He also recognised that fractures of the ‘cervix femo-
ris’ and ‘cervix humeri’ occurred in old age and that fractures of the ‘carpal 
extremity of the radius’ occurred in women.

Gurtl [3] analysed 1383 fractures in 1862 and drew attention to the fact that the 
highest incidence of fractures occurred in patients aged ≥60  years but that only 
8.5% of his patients were in this age group. Stimson [3] defined the distribution of 
fractures in New York between 1894 and 1903 and showed that the prevalence of 
the fractures was largely determined by the season.

In more recent years, there has been an increased interest in the epidemiology of 
fractures, particularly in fractures of the elderly as they are becoming very common 
and are expensive to treat. A number of techniques have been used to study the epi-
demiology of fractures, and these highlight the different techniques that can be used 
and some of their drawbacks.

6.2  Types of Study

The types of study that are often used in epidemiological analysis are listed in 
Table 6.2. There are two basic types, these being descriptive and analytical studies. 
Descriptive epidemiological studies assess the distribution of diseases or conditions 
such as fractures. They assess which populations develop the condition and how the 
frequency of the condition varies with time and other parameters. Analytic epide-
miological studies test the conclusions of descriptive investigations as to whether a 
particular factor causes or prevents the condition being studied. An example of these 
study types is the initial descriptive report of the epidemiology of all non-spinal 
fractures in a defined population in Scotland in 2010/2011 [4] with reference to 
gender and age (Fig. 6.1a) and a later analytical study of whether social deprivation 
increased or decreased the incidence of fractures encountered [5] (Fig. 6.1b). The 
secondary analysis of the original descriptive study showed that social deprivation 
was associated with an increased incidence of fractures in the most deprived 10% of 
the population.

Table 6.2 Types of 
epidemiological studies

Descriptive studies Analytical studies
Correlational studies Observational studies
Case reports Case-control studies
Case series Cohort studies
Cross-sectional surveys Interventional studies
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6.3  Descriptive Studies

Descriptive epidemiology is mainly concerned with the general characteristics of a 
disease or condition. Usually fairly basic descriptions are analysed. In fracture epi-
demiology these would usually include demographical patient data (e.g. age, gen-
der, marital status, occupation) and information regarding the type of fracture. The 
particular value of descriptive studies is that they often provide the first evidence of 
the cause of a disease or medical condition. In orthopaedic research analysis of the 
distribution of osseous tumours, inflammatory joint disease or other bone diseases 
may well help determine the cause of these various conditions.

There are three types of descriptive studies (Table 6.2). These are correlational 
studies, case reports or case series and cross-sectional surveys.

6.4  Correlational Studies

In correlational studies data on large, hopefully entire, populations are used to 
describe the condition in relation to factors of particular interest. Two recent exam-
ples of orthopaedic correlational studies are An Analysis of the use of Anti-Rheumatic 
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Drugs in Rheumatoid Surgery [6] and An Analysis of the role of Physical Activity in 
Preventing Falls and Subsequent Injury in Middle Aged Adults [7]. In the first study 
11,333 patients from Quebec’s physician billing and hospitalisation database 
between 2002 and 2011 were analysed. The conclusion of the study was that longer 
exposure to antirheumatic drugs within the first year after diagnosis of rheumatoid 
arthritis was associated with a longer time to joint replacement surgery [6].

In the second study a much larger population was used. The US Behavioural 
Risk Factor Surveillance System in 2010 was analysed. The authors examined the 
number of adults aged ≥45 years who reported falls in the previous 3 months, and 
they questioned the participants about the injuries that the falls had caused. They 
found that of the 340,680 participants, 70.7% reported engaging in leisure time 
physical activity. These active participants experienced fewer falls and fewer fall- 
related injuries, the inference being that falls prevention interventions could be 
developed [7].

An advantage of correlational studies is that they are relatively easy to undertake 
provided the database exists. Governments and private health agencies routinely 
collect information, and, provided one can be sure that their information is represen-
tative of the whole population, good results can be obtained. However, surgeons 
should be aware that private health insurance company databases do not contain 
information about the whole population, and analysis of the results is likely to high-
light socioeconomic differences in the population, as insured people tend to be more 
affluent.

A disadvantage of correlational studies is that one is often not able to identify 
whether the disease or condition being studied is associated with a particular sub-
section of the population. In addition, it is difficult to control for confounding fac-
tors. Hypothetically, one might demonstrate that dietary inadequacy is associated 
with a bone condition, but this, in fact, may simply represent socioeconomic depri-
vation or some other factor that is responsible for the condition being studied. A 
correlational study can raise a hypothesis, which can then be investigated with an 
analytical study. An example is shown in Fig. 6.1 where the possibility of an asso-
ciation between fractures and deprivation was raised after the results of the initial 
correlational study were available. In addition, correlational data provide average 
population results rather than highlighting which subsection of the population is at 
risk. If the relationship between a condition and a possible cause is not linear, it is 
unlikely to be shown by a correlational study.

6.5  Case Reports and Case Series

It is often stated that case reports and case series represent an important interface 
between clinical medicine and epidemiology. They describe a single patient or a 
group of patients with a similar condition. Their main use is to help identify new 
conditions or complications so that the physician or surgeon can be educated and 
take appropriate action.

Case reports are relatively common, and, while interesting, they do not often 
alter medical practice. Within the last 10 years or so, many case reports have simply 
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been a reason to carry out a systematic review of the literature associated with the 
particular condition being presented. Analysis of the recent literature shows that 
case reports remain popular. It is impossible to know how useful modern case 
reports will be in the future, but two recently published case reports that might prove 
useful to surgeons are Subtrochanteric Femoral Fracture in a Child after Removal 
of Femoral Neck Screws [8] and Atraumatic Bilateral Femoral Neck Fracture in a 
Premenopausal Female with Hypovitaminosis D [9].

In contrast, case series can be useful in providing surgeons with information 
about a relatively rare condition. The presentation of more than one case may allow 
a hypothesis to be made rather than merely studying a single case of interest. A good 
example of this is the association with AIDS and homosexuality. Five cases of 
unusual pneumonia were reported in 1981 [10], and this paper helped to define a 
new problem and to initiate wider study. As with case reports, it is impossible to 
know which recently published case series may change medical practice, but two 
recent reports are of interest. One documents three insufficiency fractures following 
radiation of soft tissue tumours [11], and the other describes five cases of vertebral 
compression fracture as the initial presentation of amyloidosis [12]. The authors 
point out that there seems to be an association of vertebral compression fractures 
with liver involvement in amyloidosis. Case reports and case series are interesting 
and may well be influential, but they cannot be used to test a statistical association.

6.6  Cross-Sectional Surveys

The last type of descriptive study is a cross-sectional survey, also known as a preva-
lence survey. In this type of study, a disease or medical condition is assessed in a 
well-defined population and is usually carried out for a defined time period, often 
1 year. These surveys provide an assessment of the frequency of a disease or condi-
tion in a population at a specific time. This type of study can be used to produce 
information about the causality of a condition, such as fractures. Cross-sectional 
surveys are very useful in defining the fractures that occur following motor vehicle 
accidents, sports injuries and standing falls.

An example of information gained from a cross-sectional study is shown in 
Table 6.3. This shows the epidemiology of different modes of injury that resulted in 
non-spinal fractures, in a 1-year study of a defined population in Edinburgh, 
Scotland [4]. It immediately allows one to know that 62.5% of fractures occurred as 
a result of a fall from a standing height and that 70% occurred in females. Only 
5.2% of fractures occurred as a result of motor vehicle accidents, but the prevalence 
of multiple fractures and open fractures as a result of motor vehicle accidents was 
relatively high. This type of study facilitates planning of medical resources and 
allows surgeons to anticipate the spectrum of injuries they are likely to encounter, 
locally and elsewhere in regions with similar population demographics.

When undertaking this type of cross-sectional study, one should be careful to 
undertake it over an appropriate time period. Hypothetically, if the results shown in 
Table 6.3 had been undertaken over a 3-month period in winter, one might have had 
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a different prevalence of sports injuries and possibly a higher prevalence of falls in 
the elderly. Thus one should take care to use an appropriate time period. The other 
problem that relates to cross-sectional studies is the difficulty of standardising the 
population used in the study. The patients in the study shown in Table 6.3 were from 
a defined area where only one hospital treats fractures [4]. This, however, is rare, 
and, especially in large towns, it is difficult to accurately assess the incidence and 
prevalence of fractures if patients can go to two or three different hospitals. These 
difficulties will be discussed later in this chapter.

6.7  Analytical Studies

In analytical studies a group of individuals is examined to see if the likelihood of 
disease or of having a particular medical condition is determined by being exposed 
to a particular factor or stimulus. Thus in orthopaedic trauma, one might analyse a 
group of middle-aged and elderly females to see if the incidence of femoral diaphy-
seal fractures was affected by the administration of bisphosphonates. There are two 
types of analytical studies, these being observational and interventional studies. The 
difference is in the role of the investigator. In observational studies the investigator 
observes the course of events and merely records who has been exposed to the 
potentially causative stimulus or variable that is being studied and who has devel-
oped the disease or condition of interest. In interventional studies the investigator 
introduces a potentially influential variable and then observes the patients to deter-
mine whether the occurrence or course of the disease or condition is affected.

6.8  Observational Studies

There are two types of observational studies, the case-control study and cohort 
study. In a case-control study, a series of patients who have the disease or condition 
under investigation (cases) are compared with an equivalent group of people who do 
not (controls), on the assumption that prior exposure to some identifiable attribute 
or event has led to the development of the disease in the former. The proportion of 
patients exposed to the causative factor or event in the cases and control groups is 
then analysed. A recent example of this type of study is that of Bishop et al. [13], 
who retrospectively analysed risk factors contributing to knee stiffness after periar-
ticular fracture. The authors compared a series of fracture patients with knee stiff-
ness that required treatment with a similarly injured group of patients without knee 
stiffness. They found that exposure to certain injury factors (extensor mechanism 
disruption, requirement for fasciotomies and wounds requiring flap coverage) con-
tributed to the development of knee stiffness after a periarticular knee fracture.

In cohort studies the subjects being analysed are divided into two groups 
depending on whether they have been exposed to a particular factor or stimulus. 
They are then followed for a specific time period to define whether they develop 
the condition under investigation. These are usually protracted investigations that 
last many years, depending on the natural history and progression of the disease 
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of interest. It is also important to realise that the term ‘cohort study’ is widely 
misused in orthopaedic surgery. It has come to mean a large cohort of subjects, 
whereas many cohort studies are actually correlational studies or cross-sectional 
studies. A recent orthopaedic example of a cohort study was published by Teng 
et al. [14]. This was in fact a meta- analysis of six cohort studies looking at the 
effect of smoking on prostheses-related complications after total hip arthroplasty. 
They showed that smokers had a significantly increased risk of aseptic loosening, 
deep infection and revision compared with non-smokers. There was no difference 
in the length of hospital stay or in the risk of dislocation. Cohort studies can be 
prospective or retrospective.

6.9  Interventional Studies

Interventional studies is another name for clinical trials. They are very similar to pro-
spective cohort studies, with subjects being followed prospectively after the initiation 
of the investigation. The important difference is that some form of intervention is 
introduced by researchers that has the potential to alter the occurrence or course of the 
disease or condition under investigation. These studies are usually viewed as the ideal 
type of study, providing greater evidence of causal inference than observational inves-
tigations, largely because of their prospective nature and the ability of researchers to 
randomise patients to receive or not receive the intervention.

Two recent examples of randomised controlled interventional studies in orthopae-
dic trauma are those of d’Heurle et al. [15] and Prestmo et al. [16]. d’Heurle et al. [15] 
undertook a prospective randomised trial of locked and non-locked plates for the treat-
ment of high-energy distal tibial fractures and showed no difference in the results. 
This type of study is important as locking plates have been sold with considerable 
enthusiasm, and it is important for orthopaedic surgeons to know whether these more 
expensive implants are any better than the previous cheaper ones.

Prestmo et  al. [16] studied geriatric care for patients with hip fractures. They 
randomly assigned home dwelling patients with hip fractures who were ≥70 years 
of age and were able to walk 10 m before their fractures to either comprehensive 
geriatric care or standard orthopaedic care. They showed that immediate admission 
of these patients to a comprehensive geriatric unit in a dedicated ward improved 
mobility at 4 months compared with the usual orthopaedic care. They concluded 
that the treatment of older patients with hip fractures should be organised as ortho-
geriatric care. This type of study is very important in that it will determine how 
geriatric patients with fractures should be treated in the future.

6.10  Methodological Problems

A simple review of the types of study that can be undertaken tends to obscure the 
complexity associated with undertaking good-quality epidemiological studies. It is 
often difficult to collect and analyse data. Cummings et al. [17] identified several 
key areas of consideration, and these are listed in Table 6.4.
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6.11  Numerator Problems

In many medical conditions, it is relatively simple to collect data and process it. Any 
condition which will always present to a specialist should be relatively straightfor-
ward to analyse epidemiologically. However, this is not the case with all medical 
diseases or conditions. Orthopaedic trauma is a good example of this problem, and 
the orthopaedic literature is full of examples of imperfect collection of data regard-
ing the type of fracture that has been seen. This is particularly problematic in 
descriptive studies and cross-sectional surveys.

Empirically one would think that the collection of data regarding fractures would 
be straightforward. One would simply go to the hospital where all the fractures are 
seen and assess their prevalence and incidence. However, fracture ascertainment, or 
the identification of fractures correctly using the available investigations, may be 
remarkably difficult. In many countries fractures are diagnosed and treated in differ-
ent types of institution with severe trauma being treated in level 1 trauma centres, or 
their equivalent, while less severe trauma is treated in community hospitals or by 
surgeons in private practice. Thus few hospitals see the complete range of orthopae-
dic trauma, and, as there is usually little communication between hospitals, it is 
often difficult to accurately assess the prevalence and incidence of fractures.

The other problem is the experience of the doctor, or paramedical professional, 
who diagnoses the fractures. Some fractures are very difficult to diagnose. It is 
unlikely that an open femoral diaphyseal fracture will be misdiagnosed, but inexpe-
rienced medical professionals may find it difficult to diagnosis fractures of the hand, 
wrist and foot. Increasingly, in some countries, people with minor fractures are 
being assessed in minor injuries clinics, increasingly staffed by nonmedical clini-
cians, where a diagnosis may be arrived at with or without the use of radiography. 
This has the potential to lead to incorrect epidemiological results.

A recent analysis of the ability of medical and nonmedical emergency depart-
ment staff to diagnose fractures showed that of 7449 fractures reviewed in the emer-
gency department of a large hospital, an incorrect diagnosis was made in 22% of the 
cases [18]. Further analysis showed that junior doctors and nurses misdiagnosed 
23.6% of fractures, and even senior emergency department medical staff 

Table 6.4 Important areas of methodology to consider when designing an epidemiological study

Numerator problems
The definition, classification, categorisation and ascertainment of fractures
Denominator problems
Matching numerators to denominators and selecting the appropriate denominator
Causation
Identifying and categorising the many and varied causes and mechanisms of injury
Multiplicity
The history of multiple events. Multiple fractures may occur in one patient or there may be 
more than one fracture during the period of study
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misdiagnosed 17.1% of fractures. This illustrates the importance of referring 
trauma, however, apparently minor, to an experienced trauma surgeon if accurate 
epidemiological information is to be obtained.

Because of the difficulty of accurately assessing fracture epidemiology, different 
methods have been used in the past, with varying results. Table 6.5 gives the inci-
dences of fractures in four studies in the United Kingdom [19–23], one in Norway 
[24] and one in the USA [25]. All the studies include both children and adults, and 
one would expect the results to be very similar. The average life expectancy and 
degree of deprivation is similar in the three countries, and it is highly unlikely that 
the overall epidemiology of fractures differs very much. However, different meth-
odologies have been used, and we believe that this accounts for the wide variation 
in results that is shown in Table 6.5.

Donaldson et al. in their early study [19] examined a geographically well-defined 
population in England and recorded both in-patient and out-patient fractures. They 
thought that they might have missed some toe fractures and some spinal fractures, but 
they felt that they had missed relatively few injuries. Similar methodology was 
employed by Court-Brown and Caesar [23] and by Rennie et al. [22] in Scotland in 
2000. Court-Brown and Caesar collected and analysed adult fractures, while Rennie 
and her co-workers collected the paediatric data during the same period. Their results 
have been combined to allow comparison with the results of Donaldson et al. [19]. 
Table 6.5 shows that the results of the two studies are similar, and it is likely that the 
slight differences are associated with the 20-year gap between the two studies.

However, the other studies in Table 6.5 give quite different results. The studies 
by Johansen et al. in Wales [21], Sahlin in Norway [24] and Fife and Barancik in the 
USA [25] all recorded similar fracture incidences. The methodology in these differ-
ent studies was similar, with the diagnosis of the different fracture types being taken 
from the records of the local emergency departments. Many of the patients would 
have been reviewed by junior doctors or paramedical staff and would not have seen 
an experienced orthopaedic surgeon. This is in contrast to the Scottish studies where 
all diagnoses were made by orthopaedic surgeons. This is particularly likely to 
result in an incorrect estimate of fracture incidence in areas of the body where soft 
tissue injuries are common such as the hand, wrist, foot and ankle. This is illustrated 

Table 6.5 A comparison of the incidence of fractures from different studies using different 
methodologies

Study years Country
Incidence (n/105/year)
Overall Male Female

Donaldson et al. [19] 1980–82 UK 9.1 10 8.1
Johansen et al. [21] 1994–95 UK 21.1 23.5 18.8
Court-Brown and Caesar [23] 2000 UK 12.6 13.6 11.6
Rennie et al. [22]
Donaldson et al. [20] 2002–4 UK 36.0 41.0 31.0
Sahlin [24] 1985–6 Norway 22.8 22.9 21.3
Fife and Barancik [25] 1977 USA 21.0 26.0 16.0

All studies include children and adults
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by comparing the incidence of fractures in the forearm, wrist and hand in the Welsh 
study with the Scottish study. The relative incidences were 9.2/1000/year and 
6.1/1000/year. Similar discrepancies were seen in ankle and foot fractures but not in 
femoral diaphyseal fractures where the incidences were 1.6/1000/year in Wales and 
1.4/1000/year in Scotland. Aitken et al. [18] also showed that emergency depart-
ment staff significantly misdiagnosed and overestimated the number of certain 
upper limb fractures (clavicle, proximal humerus, distal humerus, proximal radius, 
ulnar diaphysis, distal radius, carpus, metacarpus and fingers) and lower limb frac-
tures (proximal tibia, talus, calcaneus, mid-foot, metatarsus and toes).

A third type of methodological analysis that has been employed is simply to ask 
patients to complete a questionnaire as to whether they have had a fracture in a 
given period. Table 6.5 shows that the second study by Donaldson et al. [20], which 
used this methodology, recorded a fracture incidence of 36/105/year which is highly 
unlikely. It should be borne in mind that many patients are told that continuing pain 
may be related to an undiagnosed fracture by physiotherapists, osteopaths, other 
paramedical personnel and even friends and acquaintances.

In recent years epidemiological analyses have been undertaken using large data-
bases which are often compiled by government agencies. The implication is that the 
size of the database improves the quality of the research. However, it is important to 
remember that even in large databases, the quality of the data is still affected by the 
skill with which the underlying medical condition is diagnosed. A good example of 
the problems endemic in some databases is the General Practice Research Database, 
now known as the Clinical Practice Research Datalink. This is widely used in the 
United Kingdom. The data are taken from general practices run by family physi-
cians, but in conditions which are diagnosed in hospital, they simply store the diag-
noses which are given to them. Thus the same problems apply as in the emergency 
department of the hospital. The database will contain many diagnoses made by non- 
experts. This is very likely to apply to many large databases throughout the world.

The other problem with large databases is knowing how complete they are. Some 
databases compiled in countries with extensive private practice may not be very 
complete. There is debate as to what constitutes a satisfactory database. Few have 
been analysed to any significant extent, but in a country with a reputation for effi-
ciency and expertise, namely Denmark, the Danish Fracture Database was assessed 
as being 83% complete [26], and it was felt that surgery-related data were valid in 
89–99% of cases. This probably represents a very successful database.

A recent example of the use of a large database to produce a significant conclu-
sion is that of Nordström et al. [27]. They used the Swedish National Patient Register 
which covers all in-patient care provided in Sweden since 1987. They established 
that 116,111 patients aged ≥50 years had a primary hip fractures between 2006 and 
2012. Using this large database, they were able to show that for patients who had a 
length of stay in hospital of ≤10  days, each 1  day reduction in length of stay 
increased the odds of death within 30 days of discharge by 8% in 2006 and 16% in 
2012. In patients admitted for ≥11 days, reduction of length of stay was not associ-
ated with increased mortality. In many countries there have been attempts to 

C.M. Court-Brown and S.A. Aitken



47

discharge elderly patients earlier after hip fracture to free beds for other patients to 
use. The analysis of this very large database suggests that this may well not be in the 
patient’s best interest!

The variability of databases was examined in a recent study of the association of 
benzodiazepines with proximal femoral and femoral diaphyseal fractures [28]. 
Three primary care databases were used from Spain, the United Kingdom and 
Holland. The authors pointed out that benzodiazepines increased the risk of fracture 
but that there were discrepancies between the databases. It is therefore important 
that anyone proposing to undertake an epidemiological study from any size of data-
base be aware of who collected the data and how it was collected. It should be 
remembered that such databases are simply collected and used because it is rela-
tively easy to use them. They may not be accurate.

It does seem likely that the use of large databases will increase, and it is probable 
that the databases will be more accurate and more sophisticated in the future. In a 
recent study Pugely et al. [29] analysed the large databases, available in the USA, 
which can be used for epidemiological studies. As an example they pointed out that 
Medicare is the largest and most complete administrative claims database for 
patients ≥65 years of age and that by 2012 there were >45 million people enrolled 
in Medicare. However they also pointed out that Medicare data have distinct disad-
vantages. The data set does not apply to the younger non-Medicare population, and 
the data are difficult to access and manipulate. It is also very expensive. The other 
problem is the accuracy of the coding system. They pointed out that there were 
significant inaccuracies associated with the ICD-9 coding system and that the ICD- 
10 coding system would be better. It is difficult to know how accurate these data-
bases will be in the future, but there are likely to be inherent coding inaccuracies in 
particular, and we must hope that the sheer numbers of people in each of these large 
databases compensates for any inaccuracies that persist.

6.12  The Use of Subjective Numerator Criteria

It is relatively straightforward to analyse the epidemiology of fractures in terms of 
the bone that is involved and the location of the fracture within the bone, but to 
undertake a more in-depth analysis requires the use of classification systems that 
describe fracture morphology. Aitken et  al. [30] pointed out that there are many 
classifications, but there is often considerable inter- and intra-observer error associ-
ated with their use. This may be minimised by having one surgeon classify all frac-
tures, but this is frequently impractical, and with studies relying on inexperienced 
doctors and paramedical personnel to diagnose fractures, there will be a consider-
able error rate if anything more than a basic fracture classification system is used to 
define fractures. This problem was well illustrated by Siebenrock and Gerber [31] 
who analysed the Neer and AO classification systems for proximal humeral frac-
tures. They found that neither system was sufficiently reproducible to allow mean-
ingful comparison of similarly classified fractures in different studies.
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6.13  Denominator Problems

Just as selecting the correct numerator is essential for undertaking good epidemio-
logical studies, it is also important to select the correct denominator. It is not unusual 
for surgeons to assume that whatever range of fractures is seen in their hospital 
represents the whole community because they have not appreciated that the hospital 
only sees a proportion of the people in the community.

Correlational studies and cross-sectional studies require the use of a definite 
population, and in studies of fracture epidemiology, this is usually the geographical 
catchment area of the healthcare facilities used to capture the numerator database. 
However, it can be extremely difficult to define the correct catchment area if there is 
more than one hospital admitting a particular disease or condition in an area. The 
ideal situation is to have only one hospital responsible for a particular condition and 
to have no private medical practitioners involved in the treatment of the condition. 
If this is not the case, accurate data regarding the numerator and denominator are 
difficult to obtain. However this ideal situation is rare, and it is common for children 
and adults to be treated in different hospitals and for spinal fractures and complex 
hand injuries to be treated by neurosurgeons and plastic surgeons, meaning that it is 
difficult to obtain numerator data and denominator data with any accuracy. To 
undertake accurate studies, a carefully defined catchment area must be examined 
and specific data obtained for all patients in that area who present with the disease 
or condition under review. One useful technique is to use postal codes or zip codes 
and analyse the condition under review in these areas, but one must remember that 
the numerator information may still be deficient.

One example of the problems associated with the use of incorrect denomina-
tor information can be seen by examining the epidemiology of ankle fractures. 
These are the fourth most common fracture to present to orthopaedic surgeons 
with an incidence of 137.7/105/year in the recent Edinburgh study of all in-patient 
and out-patient fractures in a defined population. Overall 1% of the ankle frac-
tures were open [4]. A study entitled Epidemiology of ankle fractures in Sweden 
between 1987 and 2004 [32] examined 91,140 ankle fractures but only analysed 
in-patients. The incidence was 71/105/year, and 3% of the fractures were open. In 
a second study entitled Epidemiology of foot and ankle fractures in the United 
States: An analysis of the National Trauma Data Bank (2007 to 2011) [33], the 
authors did not state an incidence, but 17.9% of their ankle fractures were open. 
In the first paper [32] the authors recognised that they had not examined out-
patients, and in the second paper [33] the authors stated that the data were col-
lected from major trauma centres and that fracture identification depended on the 
quality of coding. However the titles of the papers imply that their results apply 
to the overall population. The differences in the incidence of ankle fractures and 
in the prevalence of open fractures highlight the importance of using a correct 
denominator and understanding exactly what the results mean.
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6.14  Other Factors

There are a number of other factors that surgeons need to take into consideration. Firstly, 
is the database used for analysis representative of the whole population? Two examples 
of this type of problem are the use of large databases that do not cover the whole popula-
tion and the analysis of in-patient fractures only. Clearly if one is simply wanting to 
know about the epidemiology of a particular proportion of the population, these meth-
odologies are satisfactory, but they cannot be extended to the whole population as shown 
above with the epidemiology of ankle fractures. Another example of nonrepresentative 
methodology is the use of insurance databases. These cannot cover the complete popu-
lation as a proportion will be uninsured. Brinker and O’Connor [34] examined the inci-
dence of fractures in a large privately insured cohort of patients. The average age of the 
males was 29 years, and the average age of the females was 28.7 years. Thus the epide-
miology that was examined would only represent a younger population. Bradly and 
Harrison [35] examined in-patients in Australia to produce information about fracture 
epidemiology. However, as 55–60% of fractures are seen on an out-patient basis in most 
healthcare systems, the information obtained from this type of study is limited and can 
only be applied to less than half of the fracture population.

6.15  Causation

Aitken et al. [30] pointed out that many patient-related and environmental factors 
contribute to the occurrence of a fracture and knowledge of this multifactorial aeti-
ology may be necessary to define the epidemiology of a particular fracture or patient 
group. For example, when examining road traffic accidents as a cause of injury, 
researchers must allow for potential differences in exposure between subsections of 
the population studied. Certain patient groups, such as the elderly, may be less likely 
to hold a drivers licence, or drive a vehicle, putting them at inherently lower risk of 
sustaining injury from this cause. The same argument applies to the incidence of 
fractures in sports injuries. Researchers must appreciate the differing levels of sports 
participation, and therefore risk exposure, between groups.

6.16  Multiplicity

Surgeons should remember that when they are undertaking an epidemiological 
study of fractures or other medical conditions, that one patient can sustain several 
fractures at the same time or the patient may suffer fractures on separate occasions 
within the period of study. When this happens the assumption that events are statisti-
cally independent may not be correct and can complicate the analysis of the data. 
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Researchers need to be aware of these problems. They must decide on how the data 
for multiple events will be treated prior to statistical analysis and record this infor-
mation in the methods section of the related manuscript.

6.17  Measures of Occurrence and Association 
in Epidemiological Studies

We will present the basic measures of occurrence and association commonly used 
in orthopaedic epidemiological studies. Epidemiologists use a wide variety of mea-
sures, and if further information is required, a specialist epidemiological text [1] 
should be consulted.

6.18  Occurrence

It is essential to be able to quantify the occurrence of a disease or medical condition 
in any epidemiological study, with the exception perhaps of case reports or case 
series. The simplest measure is an assessment of the number of affected individuals. 
In the previously quoted study by Nordström et al. [27], the simple fact that there 
were 116,111 hip fractures in a 7-year period in Sweden may help to determine the 
allocation of hospital and community resources. However, to investigate the distri-
bution and causes of injury and disease, it is necessary to know the size of the popu-
lation and the time period during which data were collected.

The most commonly used measures of the occurrence of a disease or a medical 
condition are prevalence and cumulative incidence. These are defined in Table 6.6.

Prevalence is the proportion of the population under scrutiny found to have a 
disease or a medical condition. Table 6.6 shows that it is calculated by comparing 
the number of people or cases found to have the condition with the total number of 
people or cases examined and is usually expressed as a percentage. Point prevalence 
is the proportion of a population that has the condition at a specific point in time. 
Period prevalence is the proportion of a population that has the condition at some 
time during the given period and includes people who already have the condition at 
the start of the study period. Lifetime prevalence is the proportion of a population 
that experienced the condition at some point in their life. As an example, in the 
study of fractures in Edinburgh in 2010/2011 [4] which is illustrated in Table 6.3, 
there were 1221 distal radial fractures identified in adults (≥16 years of age) during 
the 1-year study period. Given that the total number of fractures identified was 
6996, the prevalence of distal radius fractures was 17.5% within the fracture patient 
group. Prevalence measures are particularly useful for determining resources. Thus 
if one knows that 17.5% of all fractures involve the distal radius, it is sensible to 
provide sufficiently appropriate staff and resources to treat this particular 
condition.

Cumulative incidence, which is usually referred to in medical studies simply as 
incidence, quantifies the number of newly occurring cases of a disease or condi-
tion in the population at risk over a specific time period (Table  6.6). It is 
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particularly important when measuring incidence that the denominator is correct. 
The 1221 distal radius fractures in 2010/2011 in Edinburgh occurred in a popula-
tion of 517,512 adults, giving an incidence of 235.9/100,000 population per year. 
This is conventionally expressed 235.9/105/year [5]. This type of incidence mea-
surement requires that the entire population has been followed up for a specific 
time interval, and the population number at the beginning of the study period is 
used as the denominator for calculation. However, this is not always the case, and 
it may be that the time of admission to the study is variable or the follow-up 
period varies.

Under these circumstances one can use incidence density, often known as inci-
dence rate, rather than the cumulative incidence (Table 6.6). The main difference 
here is that the calculation takes account of the changing size of the population 
studied, and mean population size or ‘summed person-years’ is used as the denomi-
nator. In the case of Edinburgh distal radius fractures, there were 1221 per 517,512 
person-years in 2010/2011. Hypothetically, if the report had found 2360 cases in a 
further 2-year study period (where the local population was found to be 520,000 in 
the first year, then 525,000 in the second), the incidence rate would be calculated, 
thus:

 

1221 2360 517 512 520 000 525 000+ / + +( ) ( )fractures , , , person years.
== / = /
=
3581 1 562 512 0 002291
229 1

, , .
.

person years oneperson year. .
//105 person years. .  

Table 6.6 Measures of occurrence and association

Prevalence
Number of cases of disease or medical condition
divided by
Number of cases studied
Cumulative incidence
Number of new cases of disease in a specific period
divided by
Total population at risk at the beginning of the study
Incidence density
Number of new cases of disease during a specific time period
divided by
Number of person-years of observation
Adjusted rate
Total number of cases of disease in a subgroup of the population
divided by
Number of individuals in that subgroup in a specific time period
Risk ratio
Incidence in exposed group of patients
divided by
Incidence in non-exposed group of patients
Odds ratio
Number of exposed cases × number of unexposed non-cases
divided by
Number of exposed non-cases × number of unexposed cases

6 Epidemiological Studies



52

The incidence rate can be used to determine an individual’s risk of develop-
ing the disease or condition during a specified period of time. It should be noted 
that ‘cumulative incidence’ is equal to ‘incidence rate’ if the specified study 
period is 1 year.

6.19  Adjusted Rates

The occurrence of disease over time (Table  6.6) can be calculated for an entire 
population, this being known as the crude rate (e.g. incidence or incidence rate). 
Alternatively, the crude rate can be refined to reflect the influence of a particular 
factor within the population, e.g. patient age or gender, referred to as the age- 
adjusted or gender-specific rate, accordingly. The crude rate, much like the inci-
dence, is obtained by dividing the total number of new cases by the number in that 
population in a specific time period. Continuing the example from above, the crude 
rate of distal radius fractures in adults in Edinburgh in 2010/2011 over the 1-year 
period was 235.9/105/year. If one was keen to learn the influence of patient age on 
distal radius fracture incidence, then the age-adjusted rates provide more informa-
tion. Comparing the 20–29-year-old population and the 70–79-year-old population, 
the appropriate number of fractures incurred by each age group is divided by the 
total number of people in these groups. The corresponding figures are 114/59,279 
and 191/24,998 giving age-adjusted rates of 192.3/105/year and 764.1/105/year, 
respectively, and confirming that patient age has an influence on the occurrence of 
these injuries.

Epidemiologists also use adjusted rates to compensate for population variables, 
such as the changing size and demographics of the population over time, as these 
factors will contribute to the frequency with which a disease or medical condition is 
encountered. The incidence of distal radius fractures in adults in Edinburgh was 
235.9/105/year in a population numbering 517,512 adults. In 2000 there were 1009 
fractures in the same population area with a population size of 508,936, giving an 
incidence of 198.3/105/year. The increase in absolute numbers of distal radius frac-
tures is not simply a reflection of the increasing size of the population, as the frac-
ture incidence already controls for population size. The difference could conceivably 
result from a change in population demographics, such an increase in the proportion 
of older individuals, females or socioeconomically deprived groups. The calculation 
of rates, appropriately adjusted for these variables, would provide investigators with 
more meaningful information.

6.20  Measures of Association

In epidemiological research the calculation of the frequencies of diseases or medical 
conditions is the basis for the comparison of populations which allows the identifica-
tion of the causes of disease. To facilitate comparison, the two frequencies being com-
pared can be combined into a single parameter that estimates the association between 
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an exposure to the risk of developing the disease or condition. The two commonest 
ratios that are used to define this association are the risk ratio and odds ratios 
(Table 6.6).

6.21  Risk Ratio

Risk ratio is the ratio of the probability of an event occurring in a particular ‘at risk’ 
or ‘exposed’ group of people, to the probability of the same event occurring in the 
unexposed group. As an example, this kind of calculation can highlight the influ-
ence of age and gender on the risk of fracture in a given population. However, as 
with other epidemiological calculations, it is vital that the denominator be correct.

An example is the risk of 80–89-year-old females sustaining a non-spinal frac-
ture in a given year. In the 2010/2011 study in Edinburgh, there were 723 fractures 
in females aged 80–89 years and 6065 fractures in the remaining adult population. 
The respective incidences for the two groups are 4712.9/105/year and 1117.6/105/
year, giving a risk ratio of 4.2. It is of interest that the risk ratio for an 80–89-year- 
old female sustaining a proximal femoral fracture when compared with the rest of 
the community was 19.1!

A relative risk of 1.0 indicates that the incidence rates of a disease or a condition 
in a particular group is the same as for the rest of the population. A value >1.0 indi-
cates a positive association, and the ratio of 4.2 means that 80–89-year-old females 
are 320% (i.e. 4.2 minus the null value of 1.0) more likely to develop a fracture.

6.22  Odds Ratio

The odds ratio quantifies how strongly the presence or absence of a causative factor or 
variable is associated with the presence or absence of a certain disease or outcome in 
a given population. The risk ratio is the ratio of the probability, whereas odds ratio is 
the ratio of the odds. The calculation of odds ratio is explained in Table 6.6.

An example of this is an estimation of how useful reaming is in achieving union in 
closed tibial diaphyseal fractures [36]. This has been of interest to orthopaedic surgeons 
for about 20 years, and if an odds ratio had been calculated from the early papers pub-
lished on this subject, it is possible that the argument would have been settled already! 
Six early papers [37–42] examined the role of nailing in the management of closed tibial 
diaphyseal fractures and quoted the numbers of fractures that united with and without 
reaming. There were 141 fractures out of 145 fractures that united with reaming and 146 
fractures out of 173 that united without reaming. The odds ratio of reamed nailing result-
ing in union compared with unreamed nailing resulting in union is 141/4 divided by 
146/27 or (141 × 27) / (4 × 146), i.e. 6.5. It can be seen that reaming increases the odds 
of achieving union in closed tibial diaphyseal fractures by a factor of greater than six 
times. The literature indicates that risk ratios are better understood by clinicians than 
odds ratios. It is also the case that odds ratios can overestimate the differences between 
treated groups if the trial has a high event rate.
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6.23  Conclusions

Epidemiological studies are very important in medicine, whether they be case 
reports that draw attention to a particular disease or treatment method for future 
consideration or randomised controlled interventional studies that remain the gold 
standard for testing treatments or investigating factors that might cause disease. 
They are usually straightforward to undertake, but problems with obtaining the cor-
rect numerator and denominator are not uncommon. Surgeons should be aware of 
the accuracy with which the diagnosis of the disease or medical condition is being 
made and the accuracy with which the information is being recorded. The use of 
large databases does not negate this problem of data acquisition.

The denominator is equally important. Not infrequently surgeons assume that 
what they see in their institution reflects the whole community. This is often incor-
rect. The population that they study must reflect the population that they wish to 
investigate, and they must also be aware of the size of the population that is being 
treated for a particular disease or medical condition. A summary of the basic require-
ments for an epidemiological study are given in Table 6.7.
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Common Causes of Rejection

Fredric M. Pieracci

7.1  Introduction

Medical writing and publication have changed dramatically over the last century. 
The theatrical prose of the nineteenth and early twentieth century has given way to 
methodical, regimented reporting structures. One may contrast Samuel Gross’s 
well-known description of shock in 1862 as the “rude unhinging of the machinery 
of life” to that of the author’s recent description as “a state of tissue dysoxia in 
which oxygen delivery is insufficient to meet metabolic demands” [1]. Although the 
former is far more eloquent, it would almost certainly be more likely to be rejected 
by a contemporary journal.

Most of the change in medical writing style has been the result of an explosion 
of both information and knowledge. When little is known about a disease process, it 
is harder to describe, tempting the author to invoke whimsical imagery. However, 
such editorializing is a common deterrent to reviewers and ultimate cause of rejec-
tion. An additional reason for the change in writing style has been a refinement of 
the scientific method. Descriptive studies and conjecture have given way to 
hypothesis- driven research, which biostatistical methodology is used to either reject 
or accept the null hypothesis. Research that does not clearly adhere to this model is 
more likely to be rejected. Finally, the exponential growth of the number of research-
ers, as well as the ease with which information is disseminated, has overwhelmed 
many journals with submissions. Nearly as much time needs to be spent deciding to 
which journal a manuscript will be submitted as to composing the manuscript itself. 
Indeed, an unchanged version of a manuscript is frequently accepted by a journal 
after rejection from another journal with a similar impact factor, but different scope. 
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This chapter will review common causes of rejection and strategies to mitigate 
them.

7.2  What Are the Challenges?

• Rejection almost universally involves violation of one or more of the following 
five principles: novelty, relevance, scope, quality, and style.

• Novelty: Novelty refers to the originality of the work. The manuscript must con-
tribute something new to the field. Such contribution(s) should be clearly high-
lighted in both the abstract and introduction.

• Relevance: Novel subject matter with no relevance to the contemporary care of 
the patient will not interest reviewers. Attempt to read the manuscript from the 
perspective of a surgeon caring for a patient with the particular disease or treat-
ment that is discussed in the manuscript. Think critically about the purview and 
readership of the journal to which the work will be submitted.

• Scope: Scope refers to the balance between too little and too much information. 
The manuscript must have a clear statement of the problem, as well as an orga-
nized hypothesis. The results should present information that is relevant only to 
the hypothesis. Similarly, the discussion section should only draw conclusions 
from the results presented. Do not inundate the reviewer with too many results. 
Rather, select between five and ten key results to be presented in the body of the 
manuscript. Moreover, too little information covered up by prose is most often 
readily discovered and rejected by seasoned reviewers.

• Quality: Study design should have a reasonable chance of a positive outcome. 
Common study limitations, such as inadequate sample size, confounding, and 
attrition, should be anticipated and addressed clearly in the manuscript. Positive 
results should be highlighted, and negative results should be explained with 
respect to additional information gleaned. Routine consultation with a biostatis-
tician is recommended.

• Style: Medical writing follows a particular style. Avoid editorializing, dramatic 
and flamboyant prose, and extraneous information. List only the facts; the manu-
script should be purposefully “dry,” presenting the results and then guiding the 
reader to the conclusions. By contrast, the title, although concise, should be both 
“eye catching” and intriguing. Avoid lengthy introductions and conclusions. The 
necessity of every sentence should be questioned.

7.3  Tips and Tricks for a Successful Submission

7.3.1  Novelty

In general, reproduction of a previously published study is unlikely to result in pub-
lication. However, there are some exceptions to this rule. For example, repeating a 
study using a much larger sample size, different environment of care (e.g., safety net 
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hospital, rural hospital, etc.), different patient population (e.g., socioeconomic 
demographics, morbid obesity, diabetes mellitus), or different geographic location 
will increase the novelty of the manuscript. Such improvements upon the index 
research should be clearly noted within the manuscript.

Outside of these specific situations, manuscripts submitted for publication should 
represent novel research. As such, the introduction section should succinctly relay 
the story of the line of research, beginning with formation of the research question 
and followed by research that has been conducted to date, noting existing deficien-
cies in the field. This delineation will set the stage for the current line of research. 
Whenever possible, the author’s own research should be referenced, as this both 
builds credibility and documents prior success with publications.

7.3.2  Relevance

Novelty must be accompanied by relevance. Important unanswered questions in the 
field are most often ascertained by review of the current literature, abstracts from 
national meetings, and recent book chapters. In general, practical clinical issues are 
more likely to hold a reviewer’s attention than obscure minutia. Many commonly 
practiced techniques have been passed down based on “expert opinion” when, in 
fact, there are little to no data to support them. Although the author is usually con-
vinced that the research is relevant, the reviewer may not be. Accordingly, use the 
introduction to articulate the problem, describing disease demographics, preva-
lence, and any changes in disease characteristics over time. For example, “Blunt 
splenic trauma is present in approximately one third of all trauma admissions. Over 
the last two decades, there has been a shift from operative to non-operative manage-
ment of blunt splenic injury. This shift has resulted in the problem of timing of 
venous thromboembolism prophylaxis is such patients.” If a reviewer does not 
believe that the work is relevant, it will be rejected, regardless of its quality.

Only the minority of publications will involve multicenter, randomized clinical 
trials. Rather, most manuscripts report a single center or even single surgeon’s expe-
rience. Some attention toward the issue of generalizability must be given within the 
manuscript. Convince the reviewer that the single institution’s experience applies to 
the generic hospital, or surgeon, who may be adopting the treatment.

Finally, choose the journal to which the work will be submitted carefully. Read 
the journal’s mission statement and readership information on line. Peruse current 
issues of the journal for content and relevance to your research.

7.3.3  Scope

Reviewer’s rarely hold focused attention on a manuscript for more than 15 min. 
Accordingly, avoid lengthy and general descriptions of the research; rather, be suc-
cinct and specific. Include only enough background to educate the reviewer so that 
he or she may place your research into context. Similarly, every attempt should be 
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made to hone in on only one or two hypotheses. Additional hypotheses, subgroup 
analyses, and discussion lines should be minimized. Moreover, the discussion and 
conclusion sections should extrapolate only on the results presented. Avoid conjec-
ture and speculation not supported by the results.

7.3.4  Quality

Quality is perhaps the most important component of a successful submission. Novel 
and relevant work with a reasonable scope must be both well designed and contrib-
ute something meaningful to the field. Quality research begins with sound study 
design. In general, case reports and case series are considered descriptive as opposed 
to true research. By contrast, research involves hypothesis testing utilizing a depen-
dent and independent variable. The most commonly published study designs include 
case control, cohort, and clinical trial. The reader is referred to several epidemiol-
ogy texts for a more detailed description of study design [2–5]. The study design 
and dependent and independent variables should be clearly stated in the methods 
section. Study feasibility is assessed by estimating both effect and sample size and 
cross-referencing this information against the anticipated number of study subjects. 
This exercise will minimize the change of a type two error (failure to reject a false 
null hypothesis). In general, positive results that do not achieve statistical signifi-
cance are less likely to be published. If the authors are not familiar with basic bio-
statistical analysis, the assistance of an independent biostatistician should be sought. 
Most journals now retain such a consultant, and errors in statistical technique are 
readily identified. In short, quality refers to both rigorous study design and positive 
results.

7.3.5  Style

Style refers to the overall feel of the manuscript, beginning with the title. The title 
should be concise; in general, limit the title to less than 15 words. Furthermore, the 
title should be a strong summary statement of the results of the study. Consider the 
following two titles, “The relationship between surgical fixation of rib fractures and 
outcomes among a cohort of critically ill trauma patients with a diverse pattern of 
fractures and injuries” vs. “Surgical fixation of rib fractures reduces mortality and 
improves pulmonary outcomes.” The first title is too long and merely alludes to an 
association. By contrast, the second title is both concise (11 words) and makes a 
positive statement about the study results. In general, these same rules apply to the 
remainder of the manuscript. A detailed review for grammar, punctuation, and typo-
graphical errors is essential, particularly if the manuscript is being written in a non- 
primary language of the authors. Editorializing, conjecture, and melodramatic prose 
should be avoided. Moreover, certain words are commonly misused in medical writ-
ing. For example, the word “significant” has a very specific, statistical meaning in 
medical writing, usually connoting a P value of less than 0.05. Avoid using this 
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word in other contexts, such as “over the last 10 years there has been a significant 
change in surgeons’ preferences for clavicle fixation.” Finally, avoid maligning 
other authors in the field. Rather, limitations of previous work should be stated 
objectively.

The introduction should comprise five to ten sentences and “set the stage” for the 
current research. The first one to two sentences should be devoted to a statement of 
the problem and its relevance, for example, “Rib fractures are the most common 
chest injury in trauma patients and carry a morbidity of up to 50%.” Next, describe 
past efforts to manage the problem (including the authors’ own) and limitations. 
Finally, state the hypothesis of the current study and how it plans to build upon the 
current state of the art. The hypothesis should be clearly stated and, in general, the 
last sentence of the introduction, for example, “the hypothesis of the current study 
is that surgical fixation of rib fractures, as compared to best medical management, 
improves pulmonary outcomes.”

The methods section similarly follows a standardized outline. The first paragraph 
should describe the study context, e.g., academic medical center, laboratory ani-
mals, and rural outpatients. Next, the study design and sample should be clearly 
stated. For example, “This was a prospective cohort study of patients with rib frac-
tures admitted to the intensive care unit.” Inclusion and exclusion criteria are clearly 
stated. Next, primary dependent and independent variables are delineated, followed 
by covariates and, finally, by statistical analysis. Avoid lengthy descriptions of addi-
tional outcomes; in general, limit the analysis to primary, secondary, and, rarely, 
tertiary outcomes. Whenever possible, reference methodological techniques that 
will be used in the manuscript. Common examples that should be referenced include 
validation of scores (e.g., pain scores, quality of life measurements), surgical tech-
niques, and animal models of a particular disease process. Many organizations have 
put forth detailed structural regulations for the reporting of clinical trials, and the 
reader is encouraged to read the latest iteration of the CONSORT statement [6].

The results section should contain only results. Although this statement appears 
self-evident, many times sentences (or even entire paragraphs) that are more appro-
priate for either the methods or discussion section are presented within the results 
section. Consider the following sentence: “Denver Health Medical Center is a state- 
verified Level I trauma center.” This sentence is more appropriate for the methods 
section. Consider next the following text, “Patients in the study arm enjoyed an 
average of two days fewer on the ventilator, likely due to the additional chest wall 
stability offered by the surgical fixation.” First, the use of the word “enjoyed” is 
inappropriately dramatic; “incurred,” “used,” or “were found to have” would be 
more appropriate for a scientific article. Second, the notion that the difference in 
results may be due to an increase in chest wall stability is speculative and not sup-
ported by the results; this phrase belongs in the discussion section.

The discussion section typically begins with a restatement of the identified scope 
of the problem, followed by a concise summary of the results. Next, a comparison 
to similar articles is made, highlighting specific differences in study populations, 
surgical techniques, limitations, and outcomes. At least one paragraph should be 
devoted to enumeration of study limitations. This endeavor involves a certain 
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amount of tact; whereas the authors should attempt to convince the reviews that they 
are aware of important study limitations, a “laundry list” of such limitations detracts 
from the manuscript’s credibility. Following discussion of the limitations, a clear 
conclusion and recommendation should be offered, including next steps in the par-
ticular line of research.

A certain style is also required when responding to reviewer’s comments. The 
response should begin with a cover letter thanking the journal for a detailed review of 
the manuscript and the opportunity to improve it. Responses should then be organized 
in a bullet point format, with each response preceded by its individual reviewer com-
ment. As in the manuscript, responses should be devoid of editorializing and negative 
tone. With very rare exception, all reviewer comments should be incorporated into the 
manuscript. This task usually involves a simple modification, such as adding a sen-
tence to the limitation paragraph of the discussion section. Disagreeing with a review-
er’s comment will serve only to increase the likelihood of rejection and is discouraged. 
In the most extreme scenarios in which it is impossible to agree with and incorporate 
a reviewer’s comment, this should be done politely and with ample justification.

7.4  Common Mistakes and How to Prevent Them

• Failure to review literature prior to submission: With hundreds of articles pub-
lished monthly, the authors are encouraged to review the literature the week or 
even day prior to submission. Discussion and citation of current articles demon-
strate knowledge within the field and increase the chances of publication.

• Submission to the wrong journal: Spend some time reviewing various journal’s 
websites, paying attention to mission statement, type of work considered, and 
scope of readership. Peruse through current and back issues, looking for rele-
vance to the work to be submitted.

• Too many authors: Manuscripts with greater than ten authors (if even allowed by 
the journal) are in general a red flag. Limit the authorship to less than eight, and 
clearly state the contributions of each of the authors at the conclusion of the 
manuscript.

• Inadequate/absent cover letter: The cover letter is the first thing that both the 
editor and reviewers will read. Take some time to respectfully thank the journal 
for considering the work, and describe the relevance to the field, as well as the 
readership of the journal.

• Disparaging other’s work: It is unprofessional to disparage other researches in 
the manuscript. Limitations of existing research should be noted in a profes-
sional manner, as well as strengths of other’s contributions to the field.

• Poor grammar: This issue is discussed in detail in another chapter. In general, 
avoid colloquialisms, slang, contractions, run-on sentences, and paragraphs with 
only one sentence in them. The reader is referred to Strunk’s The Elements of 
Style [7].

• Ignoring formatting guidelines: Although this issue is generally not the purview 
of reviewers, those who regularly review manuscripts become accustom to that 
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journal’s formatting. Take the time to follow the formatting guidelines methodi-
cally, including headings, word limits, figure number and quality, references, etc. 
Failure to follow guidelines will increase the likelihood of rejection.

• Lack of hypothesis: The last sentence of every introduction section should con-
tain the study hypothesis. Manuscripts will be rejected based only on this 
criterion.

• Conclusion either does not answer hypothesis or is not supported by the results: 
Avoid extrapolation and speculation in the conclusion. The hypothesis sentence 
and first sentence of the conclusion should be mirror images.

• Failure to involve a biostatistician: Most journals now retain statisticians who 
routinely review each manuscript. Biostatisticians will provide valuable infor-
mation regarding study design, sample size calculation, data analysis, and articu-
lation of study limitations.

• Failure to have the work proofread by a colleague: Every manuscript benefits 
from another set of eyes. Have the work proofread by at least one colleague, 
mentor, student, spouse, or good friend. Each typographical error that is cor-
rected adds to the clarity of the work.

• Negative or confrontational responses to reviewer’s comments: Make every 
effort to address each of the reviewer’s comments, even if you do not agree with 
them. If it is not possible to revise the work based on the reviewer’s comments, 
give a polite and detailed explanation. Most manuscripts that advance to the revi-
sions stage will ultimately be published; curt or unprofessional responses serve 
only to increase the chances of ultimate rejection.

7.5  Take-Home Message

• In most cases rejection may be anticipated by a critical analysis of the manu-
script’s novelty, relevance, scope, quality, and style.

• Standardized formatting of all aspects of the manuscript, discussed herein, will 
maximize the success of submission.

• There is no substitute for clear, hypothesis-driven study design, regardless of the 
study findings.

• Enlist the assistance of both proofreaders and biostatisticians liberally; rampant 
typographical errors alone are reason for rejection.

• Most manuscripts returned with requested revisions are ultimately accepted; take 
this step seriously and avoid confrontation with the reviewers.
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Tips and Tricks for Non-English Writers

Matthew P. Abdel and Matthieu Ollivier

8.1  Introduction

All non-native English speakers (NNESs) confront cultural differences, language 
barriers, and grammatical peculiarities when trying to publish their work in interna-
tional peer-reviewed journals written in English [1].

Foremost, writing in English is cognitively demanding for NNESs, making the 
process more time-consuming. Second, the presence of linguistic errors and/or poor 
rhetorical style in a manuscript can negatively influence the outcome of the peer- 
reviewed process [2]. Finally, understanding peer-reviewed publication rules is 
mandatory to avoid ethical issues.

The aims of this chapter are to define the main challenges for NNESs to pub-
lish in English language journals and to propose adaptive solutions for those 
challenges.

8.2  What Are the Challenges?

• My English vocabulary and grammar are inadequate.
• The use of my scientific language in English is even more limited.
• I do not understand the peer-reviewed publishing rules (format, style, etc.).
• My paper was rejected. What should I do now?
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8.3  Common Mistakes and How to Prevent Them

8.3.1  My English Vocabulary and Grammar Are Inadequate

Non-native English speakers who are publishing in peer-reviewed scientific journal 
may use electronic tools such as spell check and grammar check. However, it is 
essential for authors to be aware that these are simple tools, and should not be relied 
upon heavily as they are often inaccurate, and not designed for the nuances of sci-
entific writing. In our opinion, software and online tools that assist with translation 
of manuscripts should be avoided as they often result in manuscripts that are barely 
legible.

To prevent such errors, a host of maneuvers can be undertaken. The most reliable 
method is a fundamental grasp of the English language through courses for the 
author(s). If this is not possible, a native English speaker may be able to review your 
manuscript prior to submission [3]. In addition, many institutions across the world 
have writing centers that may assist with the process.

There are several forms of language professionals that may assist with manu-
script preparation and publication. These include authors’ editors, copy editors, and 
proofreaders [4]. An authors’ editor or a copy editor is a person who works for an 
author and helps him/her improve the language and presentation of a manuscript 
before it is submitted to a journal. The work of those editors varies widely from 
modifying spelling and grammatical sentences to adjusting paragraph and sentence 
structure.

On the other hand, a proofreader is someone who is involved in the final stages 
of the publishing process. A proofreader examines a manuscript for grammar, typo-
graphical, and stylistic errors, but does not check whether sentences and paragraphs 
convey the intended meaning.

8.3.2  The Use of My Scientific Language in English Is Even More 
Limited

When it comes to publishing in English language journals, the philosophical differ-
ences between languages can be even more difficult to grasp than the grammatical 
ones. Written English for medical purposes tends to be more concise and finite than 
that of other languages. For NNESs, this introduces another layer of complexity. As 
such, many NNESs believe that the standard introduction, methods, results, and 
discussion format will produce acceptable scientific articles.

8.3.2.1  What Should I Do?
First, helpful checklists are available for each type of manuscript. These include the 
Consolidated Standards of Reporting Trials (CONSORT) checklist for randomized 
clinical trials (www.consort-statement.org), the Strobe checklist for cohort studies 
(http://www.strobe-statement.org), or Prisma for meta-analysis and systematic 
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reviews (http://www.prisma-statement.org). In addition, it is essential for authors to 
know that nearly all journals have exhaustive templates that can be located on their 
respective websites. These checklists and templates are powerful tools that will help 
to improve rhetorical language and scientific style.

Another helpful tip is to download, read, and truly study well-designed, well- 
executed, and well-written publications from the journal you are targeting. This can 
give an author great insight into successful techniques.

Finally, and maybe most importantly, manuscripts should be drafted, reviewed, 
and edited several times. After that, they should be circulated to coauthors and then 
reviewed and edited once again before any consideration to submission.

8.3.3  I Do Not Understand the Peer-Reviewed Publishing Rules

8.3.3.1  Funding
There are several important rules to understand in publishing [5]. These rules may 
vary based upon the journal someone submits to. Foremost, it is important to be 
transparent. Who funded the work? Does this have the potential to introduce any 
bias? Who owns the data?

8.3.3.2  Authorship
In addition, authorship, and authorship order, is essential. Who actually participated 
in the scientific investigation, and are they worthy of authorship? In our opinion, 
authorship should be determined early in the investigation with clearly defined 
roles. The list of authors should accurately reflect those who did the intellectual 
work.

8.3.3.3  Redundant Publications
Redundant publications that include the same data set are unethical and dishonest. 
If a paper is published in any peer-reviewed journal, it cannot be published in 
another journal. Abstracts and posters presented at conferences are just that, presen-
tations. As such, they do not preclude publication.

The Committee on Publication Ethics (COPE; http://publicationethics.org) pro-
vides additional information surrounding redundant work [6].

8.3.3.4  Conflict of Interest
Conflicts of interest can come in several forms, with financial conflicts being the 
most obvious [5]. All involved in publishing peer-reviewed manuscripts, including 
editors, reviewers, and authors, have a responsibility to disclose interests that might 
appear to impact their ability to present or review data objectively. In addition to 
financial conflicts of interest, there are personal, political, intellectual, and/or reli-
gious conflicts. Of note, the existence of a conflict of interest (e.g., employment 
with a research funder) does not preclude someone from being listed as an author if 
qualified.
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8.3.3.5  Plagiarism and Copyright
Journal editors and readers have a right to expect that submitted work is the authors’ 
own [4], that it has not been plagiarized (i.e., taken from other authors without per-
mission, if permission is required), and that copyright has not been breached (e.g., 
reproduced figures or tables). Most journals now have advanced software [7, 8] that 
is able to detect the concern for plagiarism if more than 10% of a manuscript is simi-
lar to another paper.

If there is an instance of substantive plagiarism (i.e., copying more than 25% of 
the published source), the redundant manuscript should be withdrawn from the pub-
lication process and actions taken to inform respective institution(s). If plagiarism is 
surfaced after the publication, editors should retract the paper and inform the read-
ership on misconduct.

To avoid plagiarism, the following will help:

• Provide citations with complete reference when reporting someone else’s 
idea.

• Paraphrase rather than copy.
• Limit copying to six consecutive words.
• Obtain permission to reproduce copyrighted elements.

8.3.4  My Paper Was Rejected. What Should I Do Now?

The distinction between “nonacceptance” and “rejection” is not clear to many 
authors. In fact, many authors interpret nonacceptance as a rejection. Getting a 
paper published is sometimes a very long road. Typically, a nonacceptance allows 
authors the opportunity to respond to the editor and reviewer(s) with a modified 
manuscript.

It is important for authors to submit to journals that are appropriate for their 
work. Certainly, a large burden is on the author to utilize the templates and recom-
mendations of each journal.

8.4  Take-Home Messages

• Avoid spelling and grammatical errors by reviewing and editing your manu-
scripts several times before submission. A native English speaker versed in sci-
entific writing may be able to assist if questions remain.

• Be sure to understand the rules and regulations, as well as format, of the journal 
you are submitting to.

• Be patient and persistent with edits from editors and reviewers. Be sure to address 
each and every comment from the journal.
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Impact Factor and Altmetrics: What Is 
the Future?

Costas Papakostidis and Peter V. Giannoudis

9.1  Introduction

The huge volume of academic literature that has been produced so far requires the 
use of specific tools for ascertaining quality, importance, and relevance. Traditionally, 
peer review, citation counting, and journal impact factor (JIF) have been used to 
assess the quality of scholarly work and filter out the most important and relevant 
scholarly material. Peer review, however, is a slow and conventional process that 
fails, in most instances, to filter out the volume of scholarly work (as most authors 
eventually succeed in publishing their work somewhere), while citation counting is 
even slower than peer review and insufficient to isolate influential work (which may 
remain uncited). The JIF is a measure reflecting the average number of citations 
received per paper published in a certain journal during the two preceding years [1]. 
While impact factor is frequently used as a measure of the relative importance of a 
journal within its field, it is not appropriate for assessing the quality of individual 
articles. Usually, a small number of a journal’s articles contribute to the journal’s IF, 
while the article under consideration may only have a very limited number of cita-
tions. In addition, editorial policy sometimes require that authors of submitted arti-
cles cite other articles that appear in the journal or commissions review articles, 
which generally tend to receive more citations. For these reasons a movement 
against inappropriate use of JIF has taken shape. A group of editors and publishers 
of scholarly journals met during the annual meeting of the American Society for 
Cell Biology (ASCB) in San Francisco, CA, on December 16, 2012, and developed 
a set of recommendations, referred to as the San Francisco Declaration on Research 
Assessment (DORA), aiming to improve the ways in which the output of scientific 
research is evaluated [2]. Although traditional metric tools, such as citation 
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reference count and JIF, will remain an important component of research assess-
ment, they steadily fail to keep pace with the continuously evolving new forms of 
research output and scholars’ interactions with them.

9.2  What Are the Challenges that Researchers Face 
in the Modern Era?

• Domination of digital environment over the classical print-based world.
• New forms of scholarly outputs are gaining ground.
• A growing tendency to assess the societal impact of research.
• Poor performance of classical tools in tracking and evaluating the new forms of 

Web-driven research outputs as well as the impact of individual articles.
• Need for development of alternative metric tools to meet modern research 

requirements.

The domination of the Web as a means of communicating scientific activity has 
resulted in the development of new forms of scholarly output, including research 
datasets, posters and presentations at conferences, electronic theses, blogs, online 
teaching activities (such as classes, lectures), etc.

The continuously expanding volume of Web-driven academic work has set new 
standards for reliable evaluation and filtering of the most important and relevant 
scholarly material out of a huge volume of accrued scientific work. On the other 
hand, there has been a shift in recent years from the general assumption that 
research should be conducted, communicated, and evaluated only within the scien-
tific community, toward a more open approach that tends to take into account its 
impact on the society. While in the past science was the core of interest of the 
academic community, currently, there is much concern in demonstrating its value 
to society [3, 4].

New metric tools have surfaced in order to measure the impact of scholarship 
under the currently established circumstances. While the traditionally used biblio-
metrics for evaluation of the impact of research have been focused on journal level 
(such as impact factor) or researcher level (such as h-index [5]), the newly devel-
oped metric tools concentrate on article level and on society. These alternative met-
ric tools are referred to as altmetrics, a term coined by Jason Priem and his colleagues 
in 2010 to describe metric tools that focus both on individual article assessment and 
evaluation of the impact of alternative scholarly outputs [6]. These newly emerged 
metric tools are based on article level and utilize social Web for analyzing and 
informing scholarship, and in no case they should be considered as a surrogate to 
traditional metrics, but rather as a complement to them.

The article-level metrics (ALMs) include both traditional tools of impact (such 
as citation counts) and newer metrics like the number of times an article was down-
loaded. The biggest limitation of ALMs is their inability to distinguish quality 
within the collected feedback a scholarly output received. Altmetrics in essence 
represent Web-based metric tools designed to gauge the societal impact of 
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publications and other scholarly material by using data derived from social media 
platforms [7, 8]. So far, a number of tools have been developed aiming at capturing 
and displaying these alternative metrics (altmetrics). A brief description of the most 
prominent of these tools is provided below:

• Altmetric. It tracks social media sites, newspapers, and magazines for any men-
tions of hundreds of thousands of scholarly articles. Altmetric then creates a 
score for each article, representing both quantitative and qualitative measure of 
the attention that a scholarly article has received.

• ImpactStory. It is an open-source altmetric tool that draws relevant data from a 
variety of social and scholarly data sources, including Facebook, Twitter, 
CiteULike, Delicious, PubMed, Scopus, CrossRef, ScienceSeeker, Mendeley, 
Wikipedia, SlideShare, etc. Altmetrics are reported in both raw numbers and 
percentiles compared to a sample of articles published the same year.

• Plum Analytics. They track metrics for various scholarly outputs, including jour-
nal articles, book chapters, datasets, presentations, and source codes. Their main 
area of focus is universities and other research institutions as they provide a 
measure of researcher’s productivity.

• PLOS. This tool has been available since 2009. It provides cites in recognized 
citation indexes and captures data from social networks and platforms where the 
article has been referenced or uploaded. Information on the usage of an article is 
also provided as a function of time.

9.3  Tips and Tricks for a Successful Submission

Despite the increasing tendency by many researchers to communicate their schol-
arly work through the Web, publication in peer-reviewed journals remains a vital 
target for those who wish to preserve high-quality standards in their professional 
level and secure a successful career progression. The continued dependency of 
researchers on publications, as expressed in the phrase “publish or perish,” has 
resulted in an overwhelming number of submitted manuscripts to many frontline 
biomedical journals [9, 10]. The majority, however, of these papers are rejected for 
not meeting standard requirements of medical writing [11, 12]. It is therefore impor-
tant that prospective authors adhere to certain methodological details in order to 
create a high-quality scholarly work, appropriate for publishing. So far, certain 
guidelines have been developed aiming to ensure transparency and completeness of 
reporting and enhance the credibility of research. Examples of them represent the 
STROBE statement [13] (designed for observational studies), the CONSORT state-
ment [14] (aiming at improving the reporting of randomized control trials), and the 
PRISMA statement for reporting systematic reviews and meta-analyses [15]. As 
most submitted papers follow the IMRaD format [16], which established introduc-
tion, methods, results, and discussion as constituent parts of a current scientific 
article, we will analyze some important tips and tricks for each of these constituent 
sections of an article.
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9.3.1  Title of the Manuscript

It is the first important element in medical writing, as it introduces the paper to the 
editor and reviewers and can serve as indexing label to medical libraries. Ideally, it 
should feature the following qualities:

• Announce the main topic of the work and attract the readers’ attention.
• Be concise, accurate, complete, and specific.
• Include, if possible, key words usable for indexing and search.
• It can include the results or the answer to the review question.

9.3.2  Abstract

A properly structured abstract should summarize accurately within the limited number 
of words, set by the instructions for authors (usually 150–250 words), the background, 
materials, methodology, key findings, and final conclusion of the project. Therefore, it 
should be written at the conclusion of the manuscript and before its submission. It usu-
ally follows the format of the main text, featuring the following sections:

• Background or Introduction. It should be limited to a couple of sentences, expos-
ing the problem and stating the aim of the study.

• Methods. It should include very briefly study design, setting of the study, dates 
of recruitment, eligibility criteria, and primary outcome of interest.

• Results. It should convey information on follow-up and dropout rates and present 
the key finding of the study. The reader should be convinced that the results of 
the study address the research question described in the background section.

• Conclusion. It should express emphatically a “take-home message” to the reader-
ship, implying either a change to or reiteration of the already followed practice.

9.3.3  Introduction

It should encompass the following topics a brief description of the problem with 
emphasis on its epidemiology, reference to the established methods of treatment, 
gap of knowledge with respect to the “gold standard” treatments that allow for the 
potential development of alternative treatments, purpose of the study, formulation 
of the study hypothesis, study type. The most critical part of the Introduction section 
is its last paragraph which should describe in the most clear and direct way the 
author’s aim in preparing the submitted manuscript.

9.3.4  Materials and Methods

Probably the most important section of the manuscript as it should describe in 
details the included patients’ population and the methodology used for the analysis. 
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It is advisable that this section follows the PICO format [17] (participants (eligibil-
ity, inclusion, and exclusion criteria), intervention (surgeon, surgery, rehabilitation), 
comparator or control (operative versus non operative, type of surgery versus other 
type of surgery), outcome measure). The authors should provide details on the fol-
lowing aspects:

• Study design. Study design, setting in which the study took place and issues of 
ethical approval should be addressed. Moreover, in cases of randomized control 
trials (RCTs), the exact method of random allocation used should be adequately 
presented.

• Study population. Details of baseline characteristics and demographics of the 
included population should be provided. Furthermore, a clear account of eligibil-
ity criteria (inclusion and exclusion criteria) should be given.

• Interventions. In case of operative intervention, not only its technical aspects 
should be described completely, but also the operator(s) (and level of experience 
in performing such a procedure) should be stated. If several surgeons were 
involved, details on their level of experience and expertise should be also given.

• Comparator or control group. When a new therapy is compared to an existing 
one, a group of individuals, serving as controls, is used. Details on the “matching 
process” between the treatment and control groups on various confounding vari-
ables are of paramount importance, as they are indicative of potentially existing 
confounding bias that would distort the validity of the study’s results.

• Outcome. It is the effect of the intervention. Outcome measures used in the study 
should be validated. It is also important for clinical studies to include functional 
outcome measures (at least, one disease-specific, such as Oxford hip score, and 
a generic health outcome measure, such as SF-36).

• Statistics. The statistical issues that should be clearly addressed in this section 
are the following:
 – Power of the study and sample size. Power analysis is typically performed at the 

beginning of the research project and is invaluable in determining the required 
resources needed to perform the study and, particularly, the required sample 
size to determine significance when it actually occurs. Power of a study is the 
probability of finding a significant association when one truly exists and is 
defined as 1 – probability of type II error. As the probability of type II error is 
usually set by convention at 0.20, then the respective power of the study is 0.80, 
meaning that there is 80% chance that the study will detect a difference when 
one truly exists. The power of a study is very important as it reflects the validity 
of the results, particularly, when no significant association is demonstrated. 
Power of a study is related to sample size, meaning that when the sample size is 
small, the respective study might be underpowered. Readers of research reports 
need to know the required sample size for a clinically meaningful difference to 
be truly detected (with a probability above 80%). As power analysis and sample 
size calculations are typically performed at the beginning of a research project, 
respective details should appear in the methods section of the article.

 – Appropriate use of statistical tests, based on dataset distribution (parametric 
or nonparametric tests) and type of data (nominal, continuous, or discrete).
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9.3.5  Follow-Up

Follow-up data should be complete and include the following:

• Duration of follow-up. Early clinical results usually require 1–2 years of follow-
up, while midterm and long-term results would require 5 and 8–10 years of fol-
low-up, respectively.

• Frequency of follow-up visits.
• Outcome assessor at each follow-up visit. Was he involved in the therapeutic 

management of the patients or was he totally blinded to the preceded treatment? 
These are invaluable details and give the readership an idea of potentially exist-
ing detection bias.

9.3.6  Results

This section should be brief and concise. The authors should avoid duplication of 
data (e.g., information presented in tables should not be repeated in the main text). 
This section should include the following elements:

• Recruitment. Dates defining the period of recruitment and duration of follow-up.
• Presentation of baseline characteristics and demographic data of the study popu-

lation (preferably in table format).
• Details regarding participants in the study as well as losses to follow-up. Calculating 

loss to follow-up may be somewhat intriguing. For retrospective studies, all indi-
viduals receiving treatment during the study period should be used as the denomi-
nator, not just those with complete data. As for RCTs, the denominator for each 
group is the number of patients who were randomized and not those who received 
treatment. Loss-to-follow-up rate is very important in determining a study’s valid-
ity, as usually patients lost to follow-up have different prognosis than those who 
completed the study. As a rule of thumb, loss to follow-up <5% leads to little bias, 
while >20% poses a significant threat to validity of results (attrition bias) [18, 19].

• Outcomes. For both primary and secondary outcomes presentation of the effect 
size along with respective confidence intervals.

• Ancillary analyses, such as subgroup analyses, adjusted analyses, etc.

9.3.7  Discussion

Writing this section is a challenging task for the authors, as they will attempt to 
generalize their findings. This should be done in a methodological way. For this 
purpose, the following steps are recommended:

• Short restatement of the main results of the study that answer the research 
question.

• Interpretation and general applicability of the findings of the study.
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• Explanations for any conflicting or unexplained results.
• Limitations of the study and addressing potential sources of bias.
• Provide suggestions for future research directions with respect to your initial 

hypothesis.

9.3.8  Conclusions

This section should summarize three basic elements:

• The findings of the study, with respect to research question.
• A take-home message.
• Provide a suggestion for future direction of research on related to the topic of 

your work.

9.3.9  Acknowledgments

They should be listed before the reference section. They usually include funding 
sources as well as colleagues (other than the authors) who provided any help in the 
preparation or for the improvement of the manuscript.

9.4  Common Mistakes and How to Prevent Them

As a general rule, the overall quality of the manuscript in regard to proper use of 
grammar and syntax rules is of paramount importance. Misspelling, typing errors, 
and poor syntax should be avoided as they predispose negatively the reviewers and 
increase the likelihood of rejection. The final version of the manuscript should be 
thoroughly reviewed by the authors for accurate flow, syntax, and spelling.

The commonest mistakes, associated with the distinct sections of an article, are 
listed below.

9.4.1  Introduction

• Insufficient background information on the topic and inappropriate review of the 
literature.

• Lack of a clear research question statement and research objectives.

9.4.2  Methods Section

• Inappropriate study design. In RCTs, for example, a biased allocation of com-
parison groups is a frequent cause of selection bias.

• Inadequate handling of “dropouts,” introducing attrition bias to the final results.
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• Lack of power analysis. When the sample size of a research project is insuffi-
cient, the respective results cannot be considered valid and robust. Therefore, 
early power calculation, during the research process, is strongly advocated to 
determine the required sample size and appropriate resources.

9.4.3  Results

• Errors in calculating the results. The calculated rates of outcomes do not add up 
to 100%.

• Incorrect use of statistical tests. As most biological data are not normally distrib-
uted, the use of nonparametric tests should be preferred, unless the normality of 
data distribution is evident or proven. For the same reason, reporting the median 
and range (instead of mean and standard deviation) is preferable, when dealing 
with continuous data.

• Poor quality figures and tables.

9.4.4  Discussion

• Failure to discuss the significance of findings.
• Conclusions that were not substantiated by the presented results.
• Failure to discuss the limitations of the study.

9.4.5  Conclusion

• Failure to address the study question.

9.5  Take-Home Messages

• New metric tools, focusing on individual article level rather than journal level, 
are continuously evolving, aiming to improve the assessment of scholarly work 
in the modern Web-based environment.

• The art of orthopedic medical writing and publishing, vital for knowledge dis-
semination and career advancement, is not an easy task.

• Although an expanding volume of research material within the field of orthope-
dics is being produced, only a small portion of it is ultimately considered appro-
priate for publishing.

• Certain guidelines have been developed to ensure transparency and complete-
ness in reporting, such as the CONSORT statement for RCTs, the STROBE 
statement for observational studies, and PRISMA statement for systematic 
reviews and meta-analyses.

• Strict adherence to certain methodological details, such as an original research 
question, a valid study design, a proper statistical documentation of the 
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results, and a well-structured manuscript written in a lucid and flowing lan-
guage with appropriate syntax, are the minimal prerequisites for a successful 
publication.
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10Open-Access Journals: The Future 
of Scientific Publishing?

Philip F. Stahel and Todd VanderHeiden

10.1  What is Open-Access Publishing?

The open-access publishing initiative started in the 1990s with the introduction of 
the World Wide Web that made the Internet available around the globe. The open- 
access publishing concept entails that scientific content is provided online to read-
ers, free of charge. The “Public Library of Science” (PloS) was one of the first 
nonprofit open-access platforms launched with tremendous success in the early 
twenty-first century [1, 2]. Open-access publishing provides several unprecedented 
advantages compared to standard print journals [3]. This includes the timely, unre-
stricted, free access to scientific knowledge by any reader with access to the Internet, 
by eliminating financial barriers related to expensive journal subscriptions and by 
reducing the usual time delay of several months (or years) from the time a scientific 
discovery is made until the information is available to the end user.

The following apparent benefits represent intuitive incentives for authors to con-
sider open-access publishing:
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• The fast-track digital publication process allows for short turnaround times of sub-
mitted manuscripts and timely publication and dissemination of the scientific work.

• All open-access articles that are published under the Creative Commons license 
are free to read, copy, reproduce, and distribute, as long as the original source is 
adequately cited.

• Authors retain the full unrestricted copyright on the entire article. This allows for 
replicating data and figures in future publications (e.g., review articles or book 
chapters) without the need for requesting a copyright release by the publisher.

• There is no limit to the length of an individual article, including the number of 
tables and figures.

• There are no extra charges for publishing color figures.
• All open access are archived in public repositories, including PubMed Central, 

in compliance with the NIH Public Access Policy [4].

The launch of new online open-access journals has seen an exponential rise from 
the early 1990s into the twenty-first century (Fig. 10.1) [5].

10.2  The Success Story of a New Independent 
Open-Access Journal

In the early stages of open-access publishing, new journals were mainly 
founded by independent academicians who were dissatisfied with the predomi-
nant subscription- restricted paradigm of standard print journals. We provide a 
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brief anecdotal story from inception to publication of our own independent 
open-access journal that is currently celebrating its tenth anniversary. “Patient 
Safety in Surgery” (www.pssjournal.com) was launched in 2007 as the first and 
currently exclusive peer-reviewed and PubMed-cited online journal in the field 
of surgical patient safety [6]. The Journal was designed to fill an essential void 
by providing a forum for discussion, analysis, and work-up of system and pro-
cess failures, technical complications, medical errors, and other adverse events 
in the management of surgical patients in the perioperative setting [6]. This 
scientific forum was created to lower the threshold for reporting adverse events 
in surgery, with the long-term goal of increasing the safety and quality of surgi-
cal care across the globe. In 2017, “Patient Safety in Surgery” remains the sole 
“niche” journal devoted to this important topic [7]. The conception of the jour-
nal’s mission originated by a group of surgeon colleagues who brainstormed 
about options to improve reporting of surgical complications and adverse 
events in a transparent fashion [8]. We speculated about new options for shar-
ing root causes of surgical complications, unnecessary surgery, and prevent-
able medical errors which represent the third leading cause of death in the 
United States [9, 10]. These discussions led to the idea of launching a new 
journal to allow extrapolating this important debate to an international open 
platform [8]. With strong support from the publisher, BioMed Central (BMC) 
[11], the new journal, was successfully launched on November 7, 2007, accom-
panied by the first two peer-reviewed articles [12, 13]. We were astonished by 
the unexpected “avalanche” of submitted case reports on surgical complica-
tions and preventable sentinel events, starting within the first weeks of the 
journal’s launch [13, 14], ongoing into the journal’s tenth annual volume at 
present [15]. Within a short period of time of its inception, “Patient Safety in 
Surgery” had a spectacular beginning. The journal has been accepted and cited 
in PubMed from the day of its first publication. The readers’ access to papers 
published on the journal’s website (www.pssjournal.com) had increased from 
less than 2,000 hits in 2007 up to 16,000 accesses per month within the first 
few years (Fig. 10.2) [8]. Impressively, the journal is currently being read and 
accessed online in more than 180 countries worldwide (Fig. 10.3) [8]. These 
metrics support the notion of improved visibility and transparency of the new 
open-access publication model, even for smaller independent online journals, 
such as “Patient Safety in Surgery.”

10.3  Shortcomings and Dangers of Open-Access Publishing

Online journals have received and unjustified poor reputation due to non-credible 
business enterprises that abuse the scientific mission of open-access publishing for 
pure pecuniary gain with a fast return on investment. Such unethical practices—
termed “predatory publishing”—have received increased media coverage in recent 
years [16, 17].

10 Open-Access Journals: The Future of Scientific Publishing?

http://www.pssjournal.com
http://www.pssjournal.com


84

Countries with readership of Patient Safety in Surgery

Countries without readers of Patient Safety in Surgery

Fig. 10.3 Global readership of the open-access journal “Patient Safety in Surgery” in 2012. All 
countries with documented downloads of articles published in the journal are marked in blue back-
ground. Image adapted from [8]. Copyright 2012 Creative Commons license

Fig. 10.2 Article downloads from the open-access journal “Patient Safety in Surgery.” The graph 
shows the growing number of accesses to articles published from the time of the journal’s launch 
in November 2007 until June 2012. The data reflect access statistics to the journal’s website exclu-
sively, and do not include additional sources of access, including PubMed and other portals and 
article repositories. Image adapted from [8]. Copyright 2012 Creative Commons license
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Other worrisome reports describe a new pattern of peer-review fraud by which 
submitting authors falsify the contact information of solicited referees, with the goal 
of diverting the peer review request to their own e-mail account under a falsified 
name. A recent news report unveiled a fraudulent peer review scheme that led to a 
journal’s retraction of 60 publications [18]. Since open-access journals rely on 
online submission and review process by default, the true prevalence of peer review 
fraud may be higher than currently appreciated [19]. In addition, the ever-increasing 
competitiveness in research under the “publish or perish!” paradigm incentivizes 
researchers to accept invitations from online journals of questionable scientific 
integrity and to split results from a single study into multiple papers, in order to 
increase the “n” of their scientific oeuvre in the current times of limited grant fund-
ing opportunities and increased competition [20].

10.4  Take-Home Message

Open-access publishing represents a new evolving paradigm for the timely dissemi-
nation of scientific knowledge around the globe. The intuitive advantage consists of 
the fast-track publication process with short times from manuscript submission until 
availability of the final article in the online open-access arena. In addition, authors 
retain the full copyright of their work which allows free dissemination and repro-
duction of their work through the Creative Commons license (see images repro-
duced in this book chapter, as a supportive example). Shortcomings of the 
open-access modality include the high publication fees carried by the submitting 
authors and the risk of fraudulent peer review and illegitimate publications of poor 
scientific value. In essence, authors will have to decide on the ideal target journal of 
choice by weighing the advantages of short publication times and global visibility 
of their work against the risks associated with the new publishing modality, com-
pared to publishing in more traditional print journals.

Conflict of Interest Both authors are editors on the editorial board of the open- access 
journal “Patient Safety in Surgery.” The authors declare no other conflict of interest.
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