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Chapter 1

Introduction





Introduction 1
Background

This thesis originates from the difficulties that one encounters when confronted with 

the orthopaedic literature in trying to answer daily clinical questions. To help in this 

clinical decision-making process, evidence–based medicine (EBM) provides a useful tool to 

systematically guide busy clinicians. Practicing EBM is based on asking answerable clinical 

questions, finding literature, appraising the literature, and applying the evidence from the 

literature to the patient.12 The key aspect of this process is translating information from 

the orthopaedic literature to direct the clinical care process. 

What orthopaedic surgeons have learned during their training: the essential knowledge 

of anatomy, surgical technique, and physical examination, may probably serve for 

a lifetime of an orthopaedic surgeon without drastic revision or change.16 Progress in 

science, on the other hand, may change some of what orthopaedic surgeons need to 

know to stay certified and will increasingly find application as new technology in patient 

care.16 To keep up-to-date with the progress in science orthopaedic surgeons need certain 

skills to expand their knowledge and to apply this knowledge to care for their patients. 

Surgeons need to be able to distinguish claims of effectiveness versus evidence of effect. 

To comprehend this, the orthopaedic surgeon needs to have understanding of clinical 

research and reports of research findings. Clinical research relies on the development 

of a study question, evaluation of the previous literature to see if others answered this 

question, the design and subsequent conduct of a trial, and finally the study’s report. If 

one of these aspects fails, the findings and conclusions are questionable and may not be 

helpful in daily clinical practice. To provide the best available evidence, clinical research 

needs to be conducted in a comprehensive and reproducible manner. Regardless of the 

study design, bias limiting measures should always be considered and incorporated. The 

unique nature of a surgical trial makes bias prevention not impossible but focuses on 

aspects where bias can be prevented. For example, it is impossible to blind surgeons to 

the treatment allocated, but outcome assessors often can be blinded or can at least be 

independent. To limit the chances of bias in clinical trials, a guide should be provided to 

help investigators to appreciate these considerations related to good clinical research 

practice, subsequently providing answers that may help in practicing EBM.

One could argue that doctors since Hippocrates have tried to practice evidence-based 

medicine. In the post Second World War era, research in Amsterdam revealed that doctors 

used a wide variety of treatment modalities for comparable conditions mainly based on 

the origin of the doctor’s training and less frequently based on sound research findings.19

This inter-doctor variability was recognized and consensus meetings were conducted to 

develop clinical guidelines.19 Initially based on expert opinions the consensus meetings 

later began implementing research findings in the consensus process.19

Critical appraisal of the medical literature was instigated in Europe by the Danish 

gastroenterologist H.R. Wulff.30 Clinical decision-making relies on research findings but 
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Chapter 1 

cultural considerations and patient preferences also need to be taken into account. This 

complex nature of clinical decision-making was portrayed in the beginning of the 1980s 

again in Europe.31 Wulff described the structured clinical decision process as: “Rational 

Diagnosis and Treatment”.32 Archibald Leman Cochrane, a British medical researcher who 

contributed significantly to the development of epidemiology as a science, is honoured by 

the Cochrane Collaboration.2 Cochrane was one of the first who stressed the importance 

of using evidence from randomized controlled trials.9 In the same time period David L. 

Sackett in Canada founded clinical epidemiology as a basic science for clinical medicine25

and Gordon Guyatt, a Canadian internist at McMaster University coined the term 

“evidence-based medicine” in the beginning of the 1990s.12 Evidence-based medicine 

was initially described as an attitude of “enlightened scepticism” towards the application 

of diagnostic, therapeutic, and prognostic studies. Said another way, evidence-based 

medicine is: “The conscientious, explicit, and judicious use of current best evidence in 

making decisions about the care of individual patients”.27 Recently, some authors have 

discussed a “paradigm shift” away from eminence based teaching practices (opinions 

and experience of experts) towards evidence-based teaching practices.6;15 These are 

not mutually exclusive concepts and clearly the opinions and experience of experts are 

important parts of the decision-making process when treating patients. Indeed, the 

practice of evidence-based medicine combines individual clinical expertise and patient 

preferences with the best available external clinical evidence12 and it does this by fostering 

the ability to ask a pertinent clinical question, search the literature, appraise it and apply 

the findings to patient care within a clinical setting.26 These principles have recently 

been promoted in orthopaedic surgery and have resulted in a “Users Guide” series in the 

American Journal of Bone and Joint Surgery4 and are also known as the Evidence-Based 

Cycle.22 The cycle starts with the patients and ends with the patient. This thesis focuses 

on mainly one part of the EBM cycle: research evidence.

Orthopaedic surgeons have classically embraced innovations or new techniques on 

the basis of limited research evidence.16 With the increase of health care costs due to 

new techniques and an aging population it may be necessary to move towards using 

interventions based on sound evidence established through high quality clinical research 

with patient-relevant outcomes and demonstrated cost-effectiveness.6 With limited 

resources it comes down to making choices, and how should these choices be made? Thus, 

what is the optimal treatment option and is this option cost effective? There appears to 

be a role for EBM in making these choices. However, it is unknown what the orthopaedic 

surgeons’ attitude towards EBM is in this choice-making process. Do surgeons think 

they need this tool? Do they think that the limited time available is a barrier to practice 

evidence-based orthopaedic surgery? Furthermore, what is their perception of the best 

way to implement EBM in their practices? 

If orthopaedic surgeons welcome the principles of EBM, the next question is what 

misconceptions about EBM exist among orthopaedic surgeons? Do they know the principles 
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Introduction 1
of EBM and acquiring the best available evidence? In other words: what is the surgeons’ 

EBM competence? And finally, what are the misconceptions or myths about EBM?

The Levels of Evidence Rating System is a tool that classifies the quality and design 

of a study,1;29 and was adapted to serve as surgeons’ guide to help in clinical decision 

making.29 According to the Levels of Evidence Rating System hierarchy, Randomized 

Controlled Trials (RCTs) occupy the top positions (Level I & Level II evidence) and expert 

opinion lies at the bottom (Level V evidence).21 However, this evidence rating system only 

provides a rough guide to study quality, and is under ongoing evaluation. Yet, scientific 

manuscripts may fail to report the methods, results, and conclusions in a clear and 

comprehensive manner. Only if the report of a study is clear, can it serve as a tool to help 

in clinical decision-making and thus it may improve patient care. Without contacting the 

authors of a manuscript, readers rely on the quality of the report and for this reason the 

International Society of Medical Editors emphasises the importance of effective reporting 

in medical literature.17 Practicing evidence-based orthopaedic surgery relies on the best 

available evidence, provided in the published reports of orthopaedic research. If the 

quality of reporting has limitations, gathering the best available evidence is complicated. 

Does the Levels of Evidence grading system provide a sufficient guide the help in clinical 

decision-making? Or is it merely a different description of trial design, not providing 

detailed and critical information on the merits of a trial’s report? In other words: how 

good was the report?

An aspect closely related to the nature of orthopaedic diseases is outcome measurement. 

Orthopaedic diseases or conditions often interfere with the patient’s quality of life and 

are less frequently life threatening. Therefore, outcome assessments are typically based 

on “subjective” findings and not on “objective” or so-called “hard” end-points like death. 

Validated outcome instruments measure change in health status better than seemingly 

objective and traditional outcomes like range-of-motion assessments.24 Adding or 

changing questions alter these previously validated outcome instruments and they may no 

longer measure what they are designed and validated for; the results from these modified 

outcome instruments should be interpreted with care. A published review of validated 

outcome measures used in shoulder surgery literature revealed inappropriate utilization of 

previous validated outcome instruments.13 To date this was the only report evaluating the 

proper use of outcome instruments, and it is not known if these findings are applicable to 

other fields in orthopaedic surgery. A trial with well-selected outcome measures will help 

investigators to create a clear report of the effectiveness of a therapeutic intervention. 

Hence, the issues raised here may serve as a foundation for optimal surgical trial design.

Orthopaedic research in the past was based on sound laboratory study findings 

and the subsequent thorough evaluation of these findings in a prospective clinical trial 

was a rarity. Conclusions were based on single center retrospective case series often 

without a control group. To date we know that this type of study design is insufficient in 

evaluating claimed superiority of a new implant or technique. Although evidence-based 
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Chapter 1 

medicine is the best approach to clinical practice based on our current knowledge, in 

the recent history of medicine doctors denounced what was considered rational by their 

predecessors.32 Therefore, EBM is just part of the evolution of medical science and needs 

to be subject to ongoing evaluation. EBM found its roots in Internal Medicine, utilizing 

pharmaceutical interventions in patient care. At an earlier stage these interventions were 

subject to rigorous evaluation with double blind randomized trials. The unique nature of 

orthopaedic surgery: the surgical treatment of non-life threatening conditions warrants 

a different evaluation than pharmaceutical interventions to cure critical conditions. 

Methodological study design in a surgical trial can be optimal in its unique nature. That 

is, surgeons cannot be blinded, but other methodological safeguards can be optimized, 

for example outcome assessments can be performed independently, regardless the type 

of trial design. Policymakers can misinterpret this and claim lack of evidence when in fact 

there is evidence. Orthopaedic surgeons should be aware of the opportunities in optimal 

study design relevant to the nature of orthopaedic practice.

Finally, it must be stressed again, that EBM encompasses the integration of research 

evidence, patients’ preferences, clinical circumstances and surgeons’ clinical acumen. This 

thesis focuses on mainly one part of the EBM cycle: research evidence. 

Aims of the thesis

The aims of this thesis are threefold: 1) to evaluate the appreciation of and need 

for evidence-based orthopaedic surgery, 2) to evaluate the quality of reporting in the 

orthopaedic literature and 3) to give typical examples on how to summarize current 

evidence in orthopaedic surgery.

Outline of the thesis

Section -1- The Need for Evidence-Based Orthopaedic Surgery
The appreciation of and need for evidence-based orthopaedics requires a meticulous 

evaluation. What are the best ways for transition from eminence-based orthopaedic 

practice towards evidence-based practice? This section reports on the findings of a survey, 

describing the attitude of the members of the Dutch Orthopaedic Association towards 

EBM and competence in EBM (Chapter 2). An EBM competence score was developed 

to evaluate orthopaedic surgeon’s knowledge about key concepts in practicing evidence 

based orthopaedics. These include knowledge about study design and design limitations, 

and knowledge about methodological safeguards to prevent bias. The findings in this 

chapter reveal misconceptions about practicing evidence-based orthopaedic surgery. 

Therefore, current misconceptions are reviewed about evidence-based orthopaedic 
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Introduction 1
surgery in the literature and arguments are provided against these myths using clinically 

relevant examples (Chapter 3). 

To finalize this section, the aim of Chapter 4 is to present a guide to help in the conduct 

of an orthopaedic trial. This chapter provides a tool to design sound clinical trials and thus 

offering the best available evidence in the future while patient safety is guaranteed. To 

date, pharmaceutical trials are conducted under strict regulations, framed in the guide for 

good clinical practice.11 However, a guide that is specific to orthopaedic surgery is lacking. 

Several aspects of orthopaedic trials are different from those in pharmaceutical trials and 

need specific consideration. In this chapter the question of how to conduct a clinical trial, 

and more specifically how to run an orthopaedic surgery trial, is addressed and a practical 

guide is provided to help investigators conducting clinical research based on good clinical 

practice and subsequently writing a report. 

Section -2- The Quality of Reporting in the Orthopaedic Literature
The aim of this section is to evaluate the current status of the quality of reporting in 

orthopaedic literature. A report of research findings needs to give the reader understanding 

about the merits of a trial. Without contacting the authors, judgment on the quality of a 

trial relies solely on the published trial report.10 Levels of Evidence are thought to order the 

literature.21;28;29 The Levels of Evidence that are explicitly reported for a published paper 

in the most frequently cited general orthopaedic journal are evaluated using the quality of 

reporting tool of the Cochrane Bone, Joint and Muscle Trauma Group (Chapter 5). Each 

individual methodological safeguard (i.e. allocation concealment, blinding) reported is 

evaluated with this tool, whereas the level of evidence summarizes the quality of a report 

into a single measure. Evaluating individual aspects of a trial, relevant to preventing bias, 

will respect the unique nature of a trial. This chapter evaluates if this Level of Evidence 

grading is sufficiently valid as a sole guide for surgeons in clinical decision-making. 

Do surgeons otherwise need to appraise each individual methodological safeguard to 

appreciate the merits of a trial, to subsequently help in clinical decision-making? 

Orthopaedic trials differ from trials in other medical specialties in their outcomes 

of interest. Where medical trials often have mortality as the outcome of interest, 

orthopaedic trials frequently deal with less live-threatening diseases and focus on patient 

satisfaction. Patient satisfaction is a difficult concept to measure, therefore, patient 

orientated validated outcome instruments have been designed and thoroughly evaluated 

in the recent years. These validated instruments help to make “subjective” measurements 

more “objective”; they are supposed to measure what they are designed for to measure.

Chapter 6 evaluates the correct use of validated patient orientated outcome instruments. 

Furthermore it examines the feasibility of blinding of outcome assessors and the effect 

of blinding on the magnitude of the treatment effect. Does it influence the results of a 

trial if it was feasible to blind outcome assessors, but the authors fail to report blinding or 

blinding was not done? 
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Systematic reviews are useful tools to order the available evidence to help in clinical 

decision making.3;5;7 Overlapping systematic reviews and more so discordant systematic 

reviews complicate utilization of this EBM tool.18 Chapter 7 evaluates 11 systematic 

reviews describing a common orthopaedic clinical problem: treatment options for anterior 

cruciate ligament reconstruction. Why are these systematic reviews different? What 

was the quality of their reports and how strong was the internal validity? The reader is 

provided with a guide to help in evaluating overlapping systematic reviews.

Next, a tool to help in grading the quality of reporting in abstracts submitted to 

orthopaedic scientific meetings is evaluated (Chapter 8). In 2000, the Scientific Committee 

of the Dutch Orthopaedic Association introduced an abstract reporting evaluation tool. 

A major reason for introducing the abstract scoring system was to improve the quality 

of reporting in such a way that the most relevant information is provided. The scoring 

items are directed at providing the right information that is required for others to judge 

whether the presented data and conclusion warrant further scrutiny for inclusion in a 

meta-analysis or review. The inter reviewer agreement is evaluated and evolution in time 

of abstract’s quality of reporting is then described. 

Section -3- Examples of Summarizing Current Evidence
The result of chapter 2 emphasizes the need for evidence-based orthopaedic surgery. 

Surgeons perceived pre-appraised evidence summaries and practical EBM guidelines as 

the best way to move to evidence-based practice. Systematic reviews are useful tools to 

summarize current best evidence and thus providing pre-appraised summaries. In this 

section, the use of systematic reviews in orthopaedic surgery is illustrated with three 

systematic reviews evaluating everyday clinical problems. Furthermore, this section 

illustrates the importance of the quality of a report to serve as a primary study in a 

systematic review. If the primary studies have methodological limitations, the applicability 

of systematic reviews to daily clinical practice is limited. 

Chapter 9 evaluates conservative treatment options for closed fifth (small finger) 

metacarpal neck fractures. These fractures account for approximately 20% of all hand 

fractures. Currently, there is no consensus concerning the optimal management of these 

fractures. Traditionally, treatment consists of closed reduction and external splinting in a 

neutral position using plaster of Paris (POP), involving the metacarpal joint, the proximal 

interphalangeal joint, and the carpo-metacarpal joint. An alternative treatment strategy 

is functional treatment using taping or bracing that does not restrict movement. This 

review illustrates the a-priori need for an EBM-guideline, the use of the grey literature, the 

limited quality of primary studies, and the lack of patient orientated outcome measure 

utilization. This type of fracture usually heals; therefore differences in treatment should 

not be measured in time to fracture union but in terms of patient satisfaction.

Chapter 10 evaluates treatment modalities for displaced ankle fractures. Ankle 

fractures, excluding pilon fractures, account for approximately 9% of all fractures. Although 
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Introduction 1
surgeons generally treat undisplaced or minimally displaced injuries non-operatively and 

displaced fractures operatively, opinions diverge regarding the management of those 

displaced fractures with acceptable closed reduction. There is also debate about the use 

of biodegradable implants in operatively managed ankle fractures, the type and technique 

of fixation for operatively treated syndesmotic injuries as well as the approach to post-

operative rehabilitation. This systematic review provides a summary for busy clinicians 

on a common fracture where controversy exists on the optimal treatment strategy, thus, 

guiding clinicians using a pre-appraised summary providing the currently available best-

evidence.

In Chapter 11 treatment modalities for femoral shaft fractures in the paediatric age 

group are analyzed. The incidence of femoral fractures in children comprise 20 per 

100,000 yearly in the USA and Europe.8;14;20;23 The treatment of femoral shaft fractures 

in the paediatric population remains controversial. Different study designs and effect of 

this design on the magnitude of treatment effect are illustrated in this review. This chapter 

shows that a systematic review can be based on primary studies utilizing different trial 

designs and it further illustrates different treatment effects depending on trial design. 

Thus, it is exemplified that one does not need RCTs alone to find the best available 

evidence but it warns readers for the interpretation of results that are affected by the 

specific trial design.

Chapter 12 stresses the importance of clinically relevant subgroup analysis based 

on a priori hypothesis in surgical meta-analyses. A poignant example of differences in 

surgical technique in primary studies pooled in a meta-analysis illustrates the reviewers’ 

clinical expertise needed to conduct an unbiased meta-analysis. Reviewers need to be 

knowledgeable about surgical techniques recognizing clinical heterogeneity before 

pooling the results. Pooling results from surgical trials with seemingly small differences in 

surgical technique may skew the estimated overall treatment effect.
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Abstract

Background: The Journal of Bone and Joint Surgery, American Edition (The Journal)

recently initiated a section called “Evidence-Based Orthopaedics”. Furthermore, a Levels 

of Evidence rating is now used in The Journal to help readers in clinical decision-making. 

Little is known if this recent emphasis of evidence-based medicine (EBM) influenced 

surgeons’ perceptions about and competence in evidence-based medicine. Therefore, 

we examined perceptions and competence in evidence-based medicine among Dutch 

orthopaedic surgeons.

Methods: Members of the Dutch Orthopaedic Association were surveyed to examine 

surgeons’ attitudes towards evidence-based medicine and competence in evidence-

based medicine. We evaluated perceptions using a newly developed instrument tailored 

to surgical practice. Univariable analysis, and a multivariable analysis using generalized 

estimating equations were performed to model the competence instrument.

Results: Of the 611 members, 367 surgeons (60%) responded. Orthopaedic surgeons 

welcomed evidence-based medicine. Practical evidence-based medicine resources were 

perceived as the best method to move from opinion-based or experience-based to 

evidence-based practice. Four variables were significantly and positively associated with 

the competence instrument: 1) a younger age, particularly between thirty-six and forty-

five years (p=0.007), 2) experience of less than ten years (p=0.032), 3) having a PhD 

degree (p< 0.001), and 4) working in an academic or teaching setting (p=0.004). The 

majority of the respondents were aware of The Journal’s evidence-based medicine

section (84%) and level-of-evidence ratings (65%), and 20% used The Journal’s evidence-

based medicine abstracts in clinical decision-making. This increased awareness of 

evidence-based medicine was also reflected in the frequent use of Cochrane reviews in 

clinical decision-making (27% of the respondents). Surgeons who used and those who were 

aware of but did not use The Journal’s evidence-based medicine abstracts or Cochrane 

reviews in clinical decision-making had significantly higher competence instrument scores 

than those who were unaware of these resources (p=0.03 and p<0.001, respectively).

Conclusions: Evidence-based medicine is welcomed by Dutch orthopaedic surgeons. 

The recent emphasis on evidence-based medicine is reflected in an increased awareness 

about The Journal’s evidence-based medicine section, levels of evidence, and the largest 

evidence-based medicine resource: the Cochrane reviews. Younger orthopaedic surgeons 

had better knowledge about evidence-based medicine. The development and use 

of evidence-based resources as well as preappraised summaries such as The Journal’s

evidence-based medicine abstracts and Cochrane reviews were perceived as the best way 

to move from opinion-based to evidence-based orthopaedic practice.
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2Introduction

To give patients the optimal treatment and to control health care expenses, orthopaedic 

surgeons must consider a shift in paradigm from traditional ‘eminence-based’ and 

experience-based practice to evidence-based practice -- one which involves question 

formulation, validity assessment of available studies and appropriate application of best 

available evidence to individual patients.4

The need for evidence-based medicine has been actively promoted by the Dutch 

Orthopaedic Association, “Nederlandse Orthopaedische Vereniging (NOV)” and the 

Dutch Trauma Association (Nederlandse Vereniging voor Orthopaedische Traumatologie 

(NVOT)).37 The Journal of Bone and Joint Surgery, American Edition (the Journal)

has published a series titled, “Users’ Guide to the Orthopaedic Literature” to teach 

critical appraisal to orthopaedic surgeons,5 also, a new section called “Evidence-Based 

Orthopaedics” was introduced.45 This section is specifically devoted to busy clinicians 

with real-world questions; the hope is that these abstracts will help to improve the quality 

of orthopaedic practice.45 Furthermore, a Levels of Evidence rating is now used in the 

Journal to help readers in clinical decision making.46 English is the medical language in the 

Netherlands and members of the NOV have access without charge to full-text articles at 

www.jbjs.org via a link at the NOV website: www.orthopeden.org.32 Critics of evidence-

based medicine often report its inability to individualize patient care and interference 

with physician autonomy.40

The practice of evidence-based medicine involves a specific nomenclature and skills 

towards the integration of the current best research evidence, an understanding of the 

clinical circumstances (resources) and patients’ values and preferences. At present, very 

little is known about orthopaedic surgeons’ attitudes towards evidence-based medicine,

the extent of their skills to access and interpret evidence, the barriers to moving from 

opinion-based to evidence-based practice, and the additional support necessary to 

incorporate evidence-based medicine into everyday practice. 

 Given the need to increase the application and understanding of evidence-based 

medicine principles in orthopaedics, the objective of this study was to determine the 

attitude of orthopaedic surgeon members of the Dutch Orthopaedic Association 

towards evidence-based medicine. We also aimed to test self-rated skills in evidence-

based medicine compared to a newly developed evidence-based medicine competence 

instrument.36 It was hypothesized that surgeons lacked awareness of evidence-based 

medicine resources, lacked basic understanding of critical appraisal issues, but welcomed 

evidence-based medicine training. We developed a priori hypotheses regarding potentially 

important predictors of surgeons’ understanding of evidence-based medicine. In order of 

importance, these included: surgeons’ age, academic practice, teaching hospital practice, 

involvement in research, postgraduate training (PhD degree), and number of surgeons 

in practice group. We hypothesized that surgeons using the evidence-based medicine 
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section in the Journal, or the Levels of Evidence in the Journal, and the Cochrane database 

to help in clinical decision-making had more knowledge about evidence-based medicine 

as reflected in a higher competence instrument score than surgeons not using these 

evidence-based medicine resources. We also hypothesized that surgeons would score high 

on the self-rated knowledge score and moderate on the competence instrument score as 

a reflection of socially desirable answers or an overrating of their own knowledge. 

Methods

Questionnaire selection and development
Item Generation

We searched MEDLINE for articles reporting results of questionnaires on doctor’s 

attitudes towards evidence-based medicine. We used the questionnaire developed by 

McColl as a foundation for our questionnaire since it was cited most frequently and was 

used in different specialties (cited 161 times in January 2006, ISI web of science).30 The 

survey developed by Hanson was the only one found to determine the need for education 

in evidence-based medicine among orthopaedic surgeons.20

Orthopaedic surgeons in Switzerland, The Netherlands and Canada and an 

epidemiologist participated in the development of the questionnaire. The survey used 

was McColl’s and Hansons’ questionnaires combined and modified for administration to 

Dutch orthopaedic surgeons, with permission of the authors.20;30

The questionnaire consisted of Visual Analogue Scales (VAS) to determine the surgeons’

attitudes towards evidence-based medicine. The VAS scale scores from a minimum of 

0 to a maximum of 100. Closed questions to assess their awareness of and perceived

usefulness of extracting journals, review publications, and databases relevant to evidence-

based medicine; their ability to access Medline or other bibliographic databases on the 

World Wide Web; their understanding of technical methodological terms; and their 

views on how best to move from eminence or opinion-based practice to evidence-based 

practice. We translated the questionnaire into Dutch by two of the authors (JAM and RWP) 

and by an independent native English speaking person. Dutch doctors are familiar with 

English terminology since English is the basic medical language in the Netherlands.28;32;44

The translated version was translated back to English and checked against the original 

questionnaire to prevent translation errors. The English version of the questionnaire can 

be found in appendix 1.

Pre-testing and Validity Assessments

We pretested the questionnaire with an independent group of three orthopaedic 

surgeons and one epidemiologist to evaluate how the questionnaire addressed the 

following questions. First, does the questionnaire as a whole appear to adequately 
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2address the attitudes of orthopaedic surgeons toward evidence-based medicine (i.e., 

does it have face validity)? Second, do the individual questions adequately reflect the 

following four domains: 1) attitudes toward evidence-based medicine, 2) views on 

the perceived major barriers to practicing evidence-based medicine, 3) views on how 

best to move from opinion-based to evidence-based medicine, and 4) competence in 

evidence-based medicine terminology? The surgeons also commented on the clarity and 

comprehensiveness of the questionnaire. After adjustments were made, the questionnaire 

was tested again by a different group of three independent surgeons.

Demographics

The respondents were asked to provide their gender and age and to indicate whether 

they were a resident or consultant, the type of practice (academic, teaching, private, or 

other type of hospital), years of experience, part-time or full-time appointment, research 

activities, highest level of training or experience in research, subspecialty, and the size of 

the practice (number of colleagues and number of new patients per year).

The demographic data from a random sample of ten nonrespondents were identified 

on the Dutch Orthopaedic Association web site, where details about members can be 

found (only by Dutch Orthopaedic Association members), and in the census of the Dutch 

Orthopaedic Association.

Questionnaire Administration

No formal approval of an ethics committee or internal review board was required 

for this study. Completion and return of the questionnaire was interpreted as surgeon 

consent for participation. The questionnaire was sent to all member surgeons of the 

Dutch Orthopaedic Association: “Nederlandse Orthopaedische Vereniging (NOV)”. Each 

surgeon received a mailed package (10 page survey, cover letter, and prepaid return 

envelope). The return envelope was coded to enable the registration of responders. 

The questionnaire was separated from the return envelope and processed in a blinded 

manner. The covering letter for the questionnaire included a definition of evidence-based 

medicine as the “conscientious, explicit and judicious use of current best evidence in 

making decisions about the care of individual patients. Its practice means integrating

individual clinical expertise with the best available external clinical evidence from 

systematic research”.30;39

Methods used to increase response rates
At the annual NOV meeting in January 2005 a PowerPoint slide was projected after 

the presentations of the scientific meeting to inform all members that they would be 

contacted to fill out the survey in the coming months. In April 2005 all members received 

the survey via first class mail. A prepaid-return envelope was provided. All non-responders 

received a reminder with a new survey and new stamped-return envelope after four 
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months. The members who still did not respond were given the opportunity to fill out 

a web based electronic version in November 2005. A reminder was sent by email to all 

non-responders.13

Self-rated methodological knowledge score
We calculated a self-rated knowledge score based on respondents understanding of 

10 methodological terms adapted from Oliveri et al. and the original questionnaire of 

McColl et al.30;36 The score was calculated for each respondent based on the average of 

the rank values applied to each type of possible answer: 1) “It would not be helpful for 

me to understand”, 2) “I don’t understand, but would like to”, 3) “Some understanding”, 

and 4)”Yes, I understand and I could explain to others”. A higher score for self-rated 

methodological knowledge (with a maximal possible score of 4 and a minimal possible 

score of 1) reflects a better knowledge about methodological terms.36 This self-rated 

methodological knowledge score was not used in the competence instrument. 

Score of knowledge of evidence-based medicine: Competence instrument
A false positive, also called a Type I error, exists when a test incorrectly reports that 

it has found a positive result where none really exists. The hazard of testing multiple 

comparisons will yield false positive results.6 In a multiple question survey many different 

comparisons can be made hence increasing the risk of false positive results.6 To limit false 

positive results we developed an instrument to describe surgical evidence-based medicine 

competence by grouping relevant questions. The competence instrument was build on 

surgeons’ knowledge of the following methodological safeguards known to prevent 

bias in medical research39: blinding and randomization. The instrument also consisted of 

knowledge of the levels of evidence in medical literature.46 All questions were relevant 

to the evidence-based practice in surgery. The minimum possible score was zero and the 

maximum possible score was 46. The score was transformed into percentages of the 

maximal score. The competence instrument-coding scheme is provided in appendix 2. 

Statistical analysis
Categorical data were reported as frequencies, percentages and 95% confidence 

intervals (95% CI). Continuous data were reported as mean and standard deviation 

(SD). Whenever the distribution of responses for a particular item in the questionnaire 

had multiple empty cells, we collapsed the related categories in that particular item to 

achieve a more uniform distribution of responses. We were interested in being able to 

compare surgeons’ knowledge of evidence-based medicine (competence instrument 

score) using statistical methods to adjust for potential variables related to participating 

surgeons’ characteristics. A simple regression model would not permit the simultaneous 

comparison of surgeons’ competence instrument score towards evidence-based medicine 

while controlling for potential confounding factors.42 One solution was to hypothesize 
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2that data were likely correlated among participating surgeons, and among practices 

for each question. Generalized Estimating Equations (GEE) are estimation methods that 

can be used to estimate parameters for correlated cross-sectional data with multiple 

observations within one unit.11;14;15;42 The participating surgeon was considered the 

unit and the responses to the questions on the knowledge of evidence-based medicine 

are repeated measures within one participating surgeon. Univariable analysis, and a 

multivariable analysis using generalized estimating equations were performed to model 

the competence instrument score as a function of age, gender, type of practice, position, 

type of employment, years of experience, level of training, research involvement in the 

past year.21;48 Generalized estimating equations were chosen in order to incorporate the 

possible correlation between competence instrument score within the same practice size. 

The results of generalized estimating equations expressed as a coefficient, corresponding 

SE, 95% CI, and associated p-value. Variables that met the significance level of <0.1 in 

univariable analysis were included in the multivariable analysis. Goodness-of-fit was 

assessed using the Likelihood ratio statistic.14;21 Tests of associations between competence 

instrument score and self-rated knowledge score were performed using partial correlation 

coefficient when the above variables were held constant. One-way analysis of variance 

was used to compare the mean competence instrument score of respondents between

the Journal’s evidence-based medicine section, the Journal’s level-of-evidence ratings and 

the Cochrane reviews. Bonferroni test was used to adjust for multiple comparisons and 

determine which mean differs.6 All analyses were conducted using SPSS 14.0 (SPSS Inc, 

Chicago, IL) and Stata software (version 8.0; Stata Corp LP, College Station, Texas, US).22  

Results

Characteristics of the respondents
Of the 611 members of the Dutch Orthopaedic Association who received the 

questionnaire, 367 (60%) responded, 231 (38%) within 2 months, 114 (19%) responded 

after the second mailing and 22(4%) filled out the web-based survey. Of the 367 returned 

questionnaires 366 had sufficient data available for analysis. The typical respondent was 

male (91%), a faculty member (69%) in a non-teaching hospital (55%), worked full-

time (94%), in general orthopaedic surgery (71%) (Table 1). Ninety-eight percent of the 

respondents had Internet access at home as well as in their office, and 96% had Internet 

access in their local medical library.

Our random sample of ten non-respondents revealed similarities to the respondents in 

respect to: age, male gender, working in a non-teaching hospital, having a PhD degree, 

and being a consultant.

29



Chapter 2 

Table 1. Characteristics of respondents

Characteristics Number % (95% CI)

Age – years

>55 63 17.2 (14.5, 21.2)

46-55 95 26.2 (22.9, 30.6)

36-45 104 28.4 (25.3,33.2)

<35 96 26.2 (23.1, 30.8)

Sex 

Male 331 91.2 (88.4, 93.3)

Female 32 8.8 (6.7, 11.6)

Which of the following positions describes your job best:

Consultant 264 72.3 (22.4, 30.0)

Residents 95 26.0 (68.3, 76.0)

Researcher/others 6 1.6 (1.0, 3.2)

Type of practice / hospital:

Non-teaching/Private 206 56.3 (25.7, 61.3)

Teaching/Academic 155 42.3 (38.7, 47.3)

Years of experience:

>10 150 41.0 (36.8, 45.3)

<10 216 59.0 (54.7, 63.2)

Fulltime/part-time 

Part-time 21 6.0 (4.3, 8.6)

Full-time 324 94.0 (91.4, 95.7)

Have you been involved in any of the following areas within the last year?

None 4 1.1 (0.5, 2.5)

Clinical practice only 91 25.2 (21.6, 29.2)

Teaching residents or clinicians 35 9.7 (7.4, 12.6)

Research 231 64.0 (59.6, 68.0)

Highest level of experience/training in research?

No PhD 222 60.7 (56.4, 64.8)

PhD 144 39.3 (49.1, 59.1)

No EBM (reference) 350 95.6 (93.5, 97.1)

EBM 16 4.4 (2.9, 6.5)

Practice size: number of new patients per year:

<10,000 247 83.2 (79.3, 86.4)

10,000+ 50 16.8 (13.6, 20.7)

Area of specialty that describes your work best: (only one answer allowed)

Not applicable 23 6.3 (4.5, 8.8)

General orthopaedics/ trauma 259 71.2 (6.7, 7.5)

Spine 21 5.8 (4.1, 8.1)

Lower extremities 45 12.4 (9.8, 15.5)

Upper extremities 16 4.4 (2.9, 6.5)
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2Orthopaedic surgeons attitudes towards evidence-based medicine
The responding Dutch orthopaedic surgeons were positive towards the current 

emphasis on evidence-based medicine (mean VAS 68, SD 17.7, 95%CI 66.6 to 70.4). 

Practicing evidence-based medicine was perceived to improve patient care (mean VAS 

71, SD 17.8, 95%CI 69.7 to 73.4). Surgeons disagreed that evidence-based medicine was 

of limited value for orthopaedic surgery (mean VAS 44, SD 24.7, 95%CI 41.2 to 46.4). 

Furthermore, surgeons differed in their opinion regarding the amount of time demands 

imposed by evidence-based medicine in a busy surgical practice (mean VAS 53, SD 26.0, 

95%CI 50.1 to 55.5) (Figure 1).

Views on how to move from eminence-based to evidence-based practice  
Of the respondents 52% used critical appraisal of the primary literature, 43% were 

interested in using this evidence-based medicine method in the future. Sixty-five percent 

used evidence-based summaries; including Cochrane reviews and the Journal’s evidence-

based medicine abstracts. The majority of the respondents (84%) used evidence-based 

Boxplot represents the surgeons’ attitude towards evidence-based medicine in a Visual Analogue Scale (VAS). 
The median (line inside the box), first and third quartile (lines around the box) and minimum and maximum 
attitude score (hinges of whiskers) are presented. The circles outside the whiskers represent outliers.

Figure 1. Dutch Orthopaedic Surgeons attitude towards evidence-based medicine. 
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practice guidelines or protocols and 76% were interested in using this method in the 

future. Surgeons perceived the use of evidence-based practice guidelines as most helpful 

for the orthopaedic practice.

Self-rated knowledge of methodological terminology of orthopaedic 
surgeons

Although 10% of the respondents had no understanding of evidence-based medicine 

terminology, many had some understanding (40%) and 39% claimed they could explain 

the terms to others. This resulted in a mean self-rated knowledge score of 3.25 (SD 

0.55, 95% CI 3.20 to 3.31) Transformed in percentages this represented 81.3% of the 

maximum possible score (Table 2).

Competence instrument 
The mean competence instrument score for all respondents was 65% (SD 18%, 95%CI 

63.4 to 67.0). Univariable generalized estimating equations analysis revealed that age, 

position, type of practice, years of experience, having a PhD degree were significantly 

associated with the competence instrument score while adjusting for the size of practice 

Table 2. Dutch Orthopaedic Surgeons’ Self-rated knowledge of methodological terms 

Yes, I 

understand and 

I could explain 

to others

Some 

understanding

I don’t 

understand, 

but I would 

like to

It would not be 

helpful for me 

to understand

No of 

respondents

Methodological term n (%) n (%) n (%) n (%) n

Meta-analysis 218 (60.2) 103 (28.5) 31 (8.6) 10 (2.8) 362

Systematic review 225 (62.7) 108 (30.1) 22 (6.1) 4 (1.1) 359

Publication bias 145 (40.1) 147 (40.6) 55 (15.2) 15 (4.1) 362

Odds ratio 70 (19.5) 148 (41.2) 106 (29.5) 35 (9.7) 359

Relative risk 136 (37.6) 182 (50.3) 38 (10.5) 6 (1.7) 362

Absolute risk 136 (37.6) 171 (47.2) 50 (13.8) 5 (1.4) 362

Numbers needed to treat 207 (57.0) 121 (33.3) 30 (8.3) 5 (1.4) 363

Clinical effectiveness 138 (38.0) 190 (52.3) 33 (9.1) 2 (0.6) 363

Confidence interval 186 (51.4) 125 (34.5) 42 (11.6) 9 (2.5) 362

Heterogeneity 132 (36.4) 153 (42.1) 65 (17.9) 13 (3.6) 363

(p 0.001 for all) (Table 3). The type of employment, gender, type of involvement, and 

having evidence-based medicine training were not significant factors in relation to the 

competence instrument score. Multivariable analysis of generalized estimating equations, 

adjusted for the size of practice, revealed that younger age, particularly between thirty-

six and forty-five years (coefficient, 15.3; 95%CI, 4.1 to 26.6; p=0.007), experience of 

less than ten years (coefficient, 3.5; 95%CI, 0.3 to 6.7; p=0.032), having a PhD degree 

(coefficient, 3.8; 95%CI, 2.6 to 5.1; p<0.001), and working in an academic setting 
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2Table 3. Univariable Generalized Estimating Equations estimates for competence instrument score (%) adjusted 
for the size of practice§ 

Characteristics Mean 

(SD)

Coefficient

(95% CI)

Corresponding 

SE

P value

Age – years

>55 (reference) 50 (25)

46-55 63 (19) 6.0 (2.1 to 9.8) 2.0 0.002

36-45 72 (9) 9.7 (8.0 to 11.5) 0.9 <0.001

<35 69 (12) 9.4 (8.0 to 11.0) 0.7 <0.001

Sex 

Male (reference) 65 (18)

Female 68 (12) 1.3 (-2.2 to 4.9) 1.8 0.466

Which of the following positions describes your job best:

Consultant (reference) 63 (19)

Residents 69 (12) 2.6 (0.2 to 5.0) 1.2 0.033

Researcher/others 79 (4.0) 5.5 (2.2 to 8.7) 1.7 0.001

Type of practice / hospital:

Non-teaching/Private (reference) 63 (19)

Teaching/Academic 68 (14) 2.7 (2.3 to 3.0) 0.1 <0.001

Years of experience:

>10 (reference) 58 (22)

<10 70 (12) 5.8 (3.4 to 8.1) 1.2 <0.001

Fulltime/part-time 

Part-time (reference) 64 (17)

Full-time 65 (17) 1.0 (-0.5 to 2.5) 0.8 0.183

Have you been involved in any of the following areas within the last year?

None  (reference) 56 (38)

Clinical practice only 62 (20) 2.2 (-6.6 to 11.0) 4.5 0.627

Teaching residents or clinicians 66 (15) 4.3 (-7.0 to 15.7) 5.8 0.451

Research 66 (16) 4.6 (6.5 to 16.0) 5.7 0.417

Highest level of experience/training in research?

No PhD (reference) 63 (19)

PhD 68 (16) 2.8 (2.1 to 3.5) 0.4 <0.001

No EBM (reference) 65 (18)

EBM 65 (20) 0.5 (-7.9 to 8.9) 4.3 0.907

Practice size: number of new patients per year:

<10,000 (reference) 64 (18)

10,000+ 63 (20) -0.5 (-4.3 to 3.4) 1.9 0.817

Area of specialty that describes your work best: (only one answer allowed)

Not applicable (reference) 66 (20)

General orthopaedics/ trauma 66 (17) 0.6 (-4.7 to 5.9) 2.7 0.825

Spine 56 (25) -4.0 (-9.5 to 1.4) 2.8 0.147

Lower extremities 65 (13) 0.5 (-4.1 to 5.1) 2.3 0.837

Upper extremities 61 (23) -1.3 (-5.3 to 2.6) 2.0 0.509

§ Size of practice = 1-5 surgeons: Competence Instrument Score (C.I.S.) [63, ±19], 5-10 surgeons = [C.I.S. = 66, 

±16] and 10+ surgeons = [C.I.S. = 66, ±19]. 
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(coefficient, 2.7; 95%CI, 0.9 to 4.6; p=0.004) were significantly and positively associated 

with the competence instrument score (table 4.). With respect to the type of position, 

the competence instrument score was similar between consultants and residents but the 

competence instrument score was significantly greater for researchers.

Self-rated knowledge score versus competence instrument score
Although not strong, there was a significant and positive correlation (correlation 

coefficient = 0.320, p<0.001) between self-rated knowledge scores and competence 

instrument scores while controlling for age, gender, position, type of practice, type of 

employment, years of experience, type of involvement and level of training (having a PhD 

degree or completing an evidence-based medicine course), area of specially and practice 

size. However, the transformed mean self-rated knowledge score (81.3%) showed a 

16.3% overestimation of knowledge compared to the mean competence instrument 

score (65%).

Table 4. Multivariable Generalized Estimating Equations estimates for competence instrument score adjusted 
for the size of practice§

Characteristics Mean 

(SD)

Coefficient 

(95% CI)

Corresponding 

SE

P value

Age – years

>55 (reference) 50 (25)

46-55 63 (19) 8.8 (1.2 to 16.2) 3.8 0.022

36-45 72 (9) 15.3 (4.1 to 26.6) 5.7 0.007

<35 69 (12) 12.4 (0.3 to 24.4) 6.1 0.044

Which of the following positions describes your job best:

Consultant (reference) 63 (19)

Residents 69 (12) -1.3 (-3.22 to 0.65) 1.0 0.194

Researcher/others 79 (4.0) 15.0 (3.8 to 26.3) 5.7 0.009

Type of practice / hospital:

Non-teaching/Private (reference) 63 (19)

Teaching/Academic 68 (14) 2.7 (0.9 to 4.6) 0.9 0.004

Years of experience:

>10 (reference) 58 (22)

<10 70 (12) 3.5 (0.3 to 6.7) 1.6 0.032

Highest level of experience/training in research?

No PhD (reference) 63 (19)

PhD 68 (16) 3.8 (2.6 to 5.1) 0.6 <0.001

§ Size of practice  = 1-5 surgeons [C.I.S. 63, ±19], 5-10 surgeons  = [C.I.S. 66, ±16] and 10+ surgeons = [C.I.S. 66, 

±19]. 
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2Table 5. Competence instrument score compared with usage of evidence-based medicine resources

Respondents Competence instrument Score Bonferroni

n % Mean SD (95% CI) P value

The Journal’s evidence-based medicine section

Unaware 57 15.7 66.0 15.0 (62.0, 70.0) reference

Aware but not used in CDM* 234 64.5 63.4 19.1 (61.0, 66.0) 0.944

Used in CDM 72 19.8 69.4 13.4 (66.3, 72.6) 0.815

The Journal’s levels of evidence

Unaware 124 34.5 61.8 20.3 (58.1, 65.4) reference

Aware but not used in CDM 195 54.3 66.2 16.5 (64.0, 68.6) 0.082

Used in CDM 40 11.1 69.3 12.7 (65.3, 73.4) 0.055

Cochrane reviews

Unaware 59 16.3 56.2 22.5 (50.4, 62.1) reference

Aware but not used in CDM 204 56.5 65.6 16.6 (63.3, 68.0) 0.001

Used in CDM 98 27.1 69.5 13.3 (66.9, 72.2) <0.001

Bonferroni method was used for mean comparison between the categories. 
* CDM = clinical-decision making

EBM: Evidence-based medicine; Error-bars represent 95% Confidence Intervals; Surgeons who used evidence-based 
medicine resources in clinical decision-making had significantly better competence instrument scores; see text.

* P < 0.03
* P < 0.001*

*

*

*

*

Figure 2. Mean competence instrument scores for awareness and use of evidence-based medicine resources
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Competence instrument score versus Use of The Journal’s evidence-based 
medicine section, Levels of Evidence, and Cochrane Reviews

Respondents were more aware of The Journal’s evidence-based medicine section (84%) 

and Cochrane reviews (84%) than they were of The Journal’s level-of-evidence ratings 

(65%). Surgeons who used The Journal’s evidence-based medicine section for clinical 

decision-making had significantly higher competence instrument scores than those who 

did not use this educational resource (mean scores, 69.4% and 63.4%, respectively; p = 

0.03). We found a trend toward increased competence instrument scores for evidence-

based medicine among the surgeons who also understood and used The Journal’s levels 

of evidence for clinical decision-making compared with those who were unaware of 

the levels (69.3% and 61.8%, respectively; p = 0.055). For the Cochrane reviews, the 

linear trend in the increase of mean competence instrument score was evident (Figure 

2.). The mean competence instrument score was significantly higher for those who used 

evidence-based approaches in clinical decision-making (69.5%, p < 0.001) and those who 

were aware of evidence-based approaches but did not use them in daily clinical decision-

making (65.6%, p = 0.001) compared with those who were not aware of evidence-based 

approaches (56.2%) (Table 5 and Figure 2). 

Discussion

Principal findings
Our study identified the following: 1) Four variables are positively associated with 

competence in evidence-based medicine terminology: younger surgeons, with experience 

of less than 10 years, having a PhD degree, and working in an academic or teaching 

setting, had better knowledge about key subjects in evidence-based medicine. 2) 

Surgeons’ self-rated knowledge about terminology relevant to evidence-based medicine 

correlated with knowledge about key issues in evidence-based medicine, but was 

overestimated by 16.3%. 3) More than 50% of the respondents had misconceptions 

about key methodological aspects in surgical trials. 4) The majority of the respondents 

(84%) were aware of the Journal’s evidence-based medicine section, and 20% used the 

Journal’s evidence-based medicine abstracts in clinical decision-making. This increased 

awareness in evidence-based medicine was also reflected in a frequent use of Cochrane 

reviews in clinical decision-making (27%). Surgeons who used the Journal’s evidence-

based medicine abstracts and Cochrane reviews in clinical decision-making had better 

knowledge about important issues relevant to evidence-based medicine. 5) Practicing 

evidence-based medicine was perceived to improve patient care in orthopaedic surgery. 
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Strengths and weaknesses of the study 
Our questionnaire survey had a response rate of 60%. Response rates in previous 

questionnaires describing orthopaedic surgeons’ knowledge about evidence-based 

medicine ranged from 38% to 50%.18;20 We are not informed about 40% of the members 

of the Dutch Orthopaedic Association who did not respond. Not responding to this survey 

may have been due to scepticism towards recent emphasis of evidence-based medicine. 

Nevertheless, demographic data of a random sample of ten non-responders did not differ 

from the responders.

It is known that self-rating of knowledge among general practitioners leads to 

overestimation of actual knowledge.47 Responses to our questions may reflect socially 

desirable answers. Therefore we compared in our study the self-rated knowledge score 

with a newly developed competence instrument. The questionnaire used was tested for 

face and content validity prior to administration. Our study may thus reflect true knowledge 

about important issues relevant to evidence-based medicine. However, this survey is a self-

report format and there is no data on whether or not the surgeons actually had higher 

utilization of evidence-based medicine in their practices. Furthermore, we did not formally 

test the respondents understanding and ability to explain meta-analysis or publication bias. 

Therefore, inferences should be interpreted with care and warrant future research.

Figure 3. Blinded surgeon
Blinding of a surgeon in a blinded surgical 
randomized controlled trial is impossible
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Our study respondents were Dutch orthopaedic surgeons. Results may differ for other 

specialties or geographic locations. Dutch doctors are known for their ability to speak and 

understand English since English is the basic medical language in the Netherlands.28;32;44

We chose the Cochrane database as a reference standard since Cochrane reviews are of 

high quality and the Cochrane database is the largest database relevant to evidence-based 

health care.24;31 Furthermore, two Cochrane groups are devoted to subjects relevant to 

orthopaedic practice.16;17

Previous literature
Attitudes towards emphasis of evidence-based medicine and views on how to move 

from eminence-based to evidence-based practice.

General practitioners in the UK also perceived evidence-based guidelines as the best way 

to promote evidence-based medicine in the late 1990’s.30 Dutch orthopaedic surgeons 

corresponded to British general practitioners in their positive attitude towards evidence-

based medicine.30 The majority of the respondents in our study had similar thoughts 

and found practical evidence-based resources (from Dutch Orthopaedic Association), 

pre-appraised summaries (the Journal’s evidence-based medicine abstracts) and Cochrane 

reviews the best way to move from eminence-based medicine to evidence-based-medicine. 

A recent survey among urologists reported similar widespread agreement with the notion 

that the practice of evidence-based medicine improved the quality of health care.43

Self-rated methodological knowledge
The self-rating of skills in evidence-based medicine came under scrutiny after the 

validation study by Young et al.47 To our knowledge the use of self-rating skills has not 

been evaluated compared to other key issues in understanding evidence-based medicine. 

We could not find a significantly higher score in the self-reported knowledge score as 

reflection of socially describable answers, or over-estimation of knowledge. Nevertheless, 

our findings do show a 16.3% overestimation on self reported knowledge compared to 

our competence instrument. Correlation cannot adjust for systematic over-rating due to 

inflation of scores. These findings should be interpreted with caution and may indeed be 

a reflection of socially desirable answers.

Competence in Evidence-based Medicine
To our knowledge, this is the first survey describing univariable analysis and a 

multivariable analysis with use of generalized estimating equations to model an evidence-

based medicine competence instrument score. McColl’s questionnaire served as a 

foundation for several questionnaires evaluating attitudes towards, and knowledge about 

evidence-based medicine.30 Other studies reported validation of questionnaires to test 

competence in evidence-based medicine.25;38 These questionnaires were not tailored to 

items relevant to evidence-based practice in surgery. Surgical randomized trials differ from 
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2pharmaceutical trials and testing of surgeons’ knowledge may need a different approach 

as the approach is different for assessing study quality in surgical trials.7-9;27

Despite the increased awareness among orthopaedic associations and journal editors, 

a recent survey of 543 AO-course participants suggested that a large number of survey 

respondents had misconceptions concerning important aspects of evidence hierarchy and 

common terminology in study design.20 In our study a comparable number (10.3%) of 

respondents reported that they had never heard about randomized controlled trials as a 

study design. Our respondents were more familiar to the term blinding, only 7.2% reported 

never to have heard about blinding in patient research. However, misconceptions about 

who can be blinded in a double-blinded surgical trial were numerous. More than 50% 

thought that surgeons could be blinded (figure 3). Although, it is obvious that surgeons 

cannot be blinded in a surgical trial, the interpretation of blinding terminology in patient 

research has been shown to be confusing for physicians.12 Alternatively, the related 

question(s) in our questionnaire could have been vague, or response bias could have 

resulted in these findings. Non-responders may have judged the question too obvious to 

answer. Results from self reported questionnaires should be interpreted with caution.

Other reports have revealed a substantially lower awareness about the Cochrane 

database than we found in our survey. Interestingly, respondents in previous reports 

utilized Cochrane reviews to help in clinical decision making far less frequently, ranging 

from 3% to 9% compared to the 27.1% of our respondents.10;29;30;36;43 Only 16.3% of the 

respondents in our study were unaware of the existence of Cochrane reviews. Furthermore, 

users of Cochrane reviews were shown to have higher competence instrument scores 

(Table 5 and Figure 2). We are uninformed if the use of Cochrane reviews or the Journal’s

evidence-based medicine section resulted in a higher competence instrument score, or 

if surgeons with better knowledge about evidence-based medicine were more likely to 

use these evidence-based medicine resources a priory. The recent support of evidence-

based medicine by the Dutch Orthopaedic Association may have resulted in this greater 

awareness of Cochrane reviews. Unfortunately, our data are too sparse to make strong 

inferences in this direction. However, evidence-based surgery is given an important place 

in the Netherlands in recent years.34 Interestingly, Dutch general surgeons have embraced 

the concepts of randomized controlled trial design already, in the 1980s.35

The literature supports the notion that older surgeons have difficulties learning new 

technical skills.33 An age-dependent decline in training-dependent plasticity was reported, 

suggesting that the ability of a healthy aging motor cortex to reorganize in response to 

training decreases with age.41 We are aware that evidence-based medicine competence 

is not a technical skill. Numerous reports showed differences in memory skills between 

young and older healthy adults.19 Another factor could be older surgeons’ lack of 

computer utilization. In a survey among members of the American Society of Internal 

Medicine younger physicians used computers more frequently in their clinical work.26

However, lack of internet facilities could not be a barrier since nearly all respondents 

39



Chapter 2 

reported ability to access the internet at home (98%), in their offices (98%), and in their 

local medical libraries (96%) and members of the Dutch Orthopaedic Association have free 

access to the Journal’s full text articles via the association’s website www.orthopeden.

org. Conversely, a report on urologists’ understanding of evidence-based medicine terms 

did not show a difference between respondents who completed their training less than 

10 years ago versus 10 or more years.43

Implications of the study
Our study highlights surgeons’ awareness of the Journal’s evidence-based medicine 

section and Cochrane reviews. Furthermore, Dutch orthopaedic surgeons welcome 

emphasis on evidence-based medicine. The Journal’s decision to provide evidence 

summaries is largely vindicated by our findings that respondents perceived these as the 

best way to move from eminence-based practice to evidence-based practice. 

Although awareness of evidence-based medicine was apparent, more than 50% of 

the respondents thought surgeons could be blinded in a randomized trial of a surgical 

intervention. Clearly, more effort and education is required to improve surgeon 

understanding in this respect. The Journal’s ongoing educational efforts are needed to 

change the paradigm of orthopaedics towards an evidence-based practice.1-3;5;23 The 

recent conclusion by Hurwitz et al.23 in the Journal’s Orthopaedic Forum, “evidence- 

based practice has the potential to change the culture of orthopaedics for the better and 

improve the quality of care for patients”, is strengthened by the findings of our survey. 

The welcoming attitude of Dutch orthopaedic surgeons warrants further promotion and 

implementation of evidence-based practice by the Dutch Orthopaedic Association.

Unanswered questions and future research
Our competence instrument needs to be validated in more detail, through reliability 

and responsiveness testing. At this moment most studies evaluating knowledge about 

evidence-based medicine among physicians focus upon non-surgical specialties. The 

findings of this study reflect attitudes and competence of orthopaedic surgeons in one 

European country and should be repeated in other countries. Furthermore, we need to 

repeat our survey in The Netherlands in the future to evaluate if surgeons’ attitude and 

competence changes over time.

Conclusion

In conclusion, evidence-based medicine is welcomed by Dutch orthopaedic surgeons. 

The recent emphasis on evidence-based medicine is reflected in an increased awareness 

about The Journal’s evidence-based medicine section and levels of evidence and the 

largest evidence-based medicine resource, the Cochrane reviews. Younger orthopaedic 
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2surgeons had better knowledge about evidence-based medicine. The development and 

use of evidence-based guidelines as well as preappraised summaries like The Journal’s

evidence-based medicine abstracts and the Cochrane reviews are perceived as the best 

way to move from opinion-based to evidence-based orthopaedic practice.
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2Orthopaedic surgeons’ perceptions of the route to evidence based medicine: 
survey questionnaire

First, we would like to ask you some questions about your job and yourself.

Demographic information:

1. Gender:      male       female 

2. Age:     __________

3. Which of the following best describes your activities?

     Junior resident/registrar (1-3 yrs. experience)  Director of resident raining program

     Senior resident/registrar (>3-6 yrs. Experience)  Researcher

     Consultant / orthopaedic surgeon  Other: __________

4. Type of Practice  Private practice

    Academic hospital  Non-Teaching hospital

    Teaching hospital  Other: __________

5. Years of experience: _________ Full-time       Part-time 

6. Have you been involved in any of the following areas within the last year? (only one answer allowed)

     Research (Clinical)  Clinical practice only (no research)

     Research (Basic science)  None

     Teaching residents or clinicians

7. What is your highest level of experience/training in research? (multiple choice allowed)

     None  MPH/MS

     PhD  Other: _________

     Evidence Based Medicine course

8. Area of specialty that describes your work best: (only one answer allowed)

     General orthopaedic and trauma surgery  Upper extremity surgery 

     Spine surgery  Knee surgery

     Hip / pelvis surgery  Not applicable

     Foot and ankle surgery

9. Number of surgeons in your practice or group:   Fte

10. Practice Size: Number of new patients in your clinic per year (total of group / practice):

<2.000     2.000-<5.000     5.000-<8.000     8.000-<11.000     11.000-<14.000     14.000+ 

Appendix 1. Survey used
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Now we would like to ask you about your current attitudes towards EBM. Please 
mark an X on the line corresponding to your opinion or response (See example)
EXAMPLE - “The world is in danger of a nuclear holocaust”

Strongly Agree Strongly Disagree

1. How would you describe your attitude towards the current promotion of evidence-based medicine?

Extremely Welcoming Extr UnWelcoming

2. How would you describe the attitude of most of your colleagues Orthopaedic Surgeons towards evidence-

based medicine?

Extremely Welcoming Extr UnWelcoming

3. How useful are research findings in your day-to-day management of patients?

Extremely Useful Totally Useless

4. What percentage of your clinical practice do you feel is currently evidence-based?

100% 0%

5. Practicing evidence-based medicine improves patient care.

Strongly Agree Strongly Disagree

6. Evidence-based medicine is of limited value in Orthopaedic Surgery because much of orthopaedic care lacks a 

scientific base.

Strongly Agree Strongly Disagree

7. The adoption of EBM, however worthwhile as an ideal, places another demand on already overloaded 

Orthopaedic Surgeons.

Strongly Agree Strongly Disagree

X

Appendix 1. (continued)
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2Appendix 1. (continued)

One can move from opinion based practice towards evidence based medicine in 
three very different ways:

a   By learning the skills of evidence based medicine i.e. to identify and appraise the primary literature or 

systematic reviews oneself;

b   By seeking and applying evidence based summaries, which give the clinical “bottom line”. Such summaries 

may be obtained from abstracting journals and the Cochrane library;

c   By using evidence based practice guidelines or protocols developed by colleagues for use by others (guidelines 

approved by the national orthopaedic association).

Which of these methods are you using?

Please tick one or more boxes. a  b  c 

Which of these methods would you be interested in using in the future?

Please tick one or more boxes. a  b  c 

Which of these methods do you think is the most appropriate in Orthopaedic Surgery?

Choose one only: a  b  c 

Please can you describe how the practice of evidence based medicine could be further facilitated in your 

own Practice? 

Accessing the evidence

How often in the last year have you (or someone on your behalf) used MEDLINE or another bibliographic 

database for literature searching?

Time(s) 

When did you last do a search which influenced your practice?

Month 

Year 

What was the topic?
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Have you ever received formal training in critical appraisal?

No  Yes 

If yes, when / where?

 During medical school

 During residency

 In my hospital

 Outside my hospital

 Other:

Have you attended any other course related to evidence based medicine??

No  Yes 

If yes, when / where?

 During medical school

 During residency

 In my hospital

 Outside my hospital

 Other:

Where do you have access to MEDLINE (or other bibliographic databases)?

At home: Yes  No 

In my surgery / office: Yes  No 

At my local medical library: Yes  No 

Other (please specify):

Where do you have access to the Internet?

At home: Yes  No 

In my surgery / office: Yes  No 

At my local medical library: Yes  No 

Other (please specify):

Appendix 1. (continued)
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2What do you think are the major barriers to practicing EBM in the orthopaedic 
practice?

Strongly 

disagree

Disagree Neutral Agree Strongly 

agree

Placebo-operations are unethical

Blinding of surgeons and patients is impossible

One surgeon is more skilled than the other 

comparison therefore is impossible.

Every new operation has a learning curve, 

comparison to standard of care is impossible

Patients and surgeons can be prejudiced over the 

choice of procedure, which seriously interfere with 

recruitment of patients for a RCT.

Outcome measures are often not validated.

Follow-up will take too long to make a RCT possible.

It is part of surgeons’ ethos to believe in themselves 

and their surgical skills. It is difficult for surgeons to 

say to their patients that they ‘don’t know’ the best 

treatment.

Surgeons are too busy to design and conduct good 

RCTs.

Patients do not want to be ‘guinea pigs’

Surgeons lose money and kudos by submitting a 

new procedure to a trial.

Protocols of RCTs are difficult to agree on.

Appendix 1. (continued)
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There are a growing number of extracting journals, review publications and databases 
relevant to EBM. Please indicate those which you have used or are aware of.

Unaware Aware but 

not used

Read Used to help 

in clinical 

decision 

making

The Journal of Bone and Joint Surgery Am

Evidence-Based Orthopaedics

The Journal of Bone and Joint Surgery AM

Glossary of Terms for Evidence-Based Orthopaedics

Level-of-Evidence Ratings in The Journal of Bone 

and Joint Surgery Am

www.bestbets.org

Kwaliteitsinstituut voor de Gezondheidszorg CBO 

www.cbo.nl

NOV website www.orthopeden.org 

Bandolier

www.jr2.ox.ac.uk/bandolier/

Evidence Based Medicine

(from the BMJ publishing group)

http://ebm.bmjjournals.com/

Centre for Reviews and Dissemination (CRD) York

http://www.york.ac.uk/inst/crd/index.htm

Cochrane database of Systematic Reviews

(part of Cochrane library)

Database of abstracts of reviews of effectiveness

(DARE) (another part of Cochrane library)

Centre for Evidence Based Medicine

http://cebm.net/ (Oxford)

http://www.cebm.utoronto.ca/ (Canada)

Please list other sources of information that you have found relevant to EBM? 

Appendix 1. (continued)

50



Perceptions and Competence in Evidence-Based Medicine

2

Level of evidence

How strongly would you trust information from the following sources?

Definitely 

trust

Probably 

trust

Not sure Probably 

not trust

Definitely 

not trust

1. Prospective case series   (single group only, follow up)

2. Observational study  (i.e. cohort study, case control)

3. Meta-analysis of randomized controlled trials

4. Retrospective case series  (single group only)

5. Surgeon’s opinion

6. Case report

7. Randomized controlled trial

Technical Terms

The following are terms used in papers about EBM which may be relevant to Ortho-
paedic  Practice. Please indicate your reaction to them by ticking the appropriate 
box.

It would not be 

helpful to me to 

understand

Don’t understand 

but would like to

Some 

understanding

Yes, understand 

and could explain to 

others

relative risk 

absolute risk

systematic review 

odds ratio

meta analysis

clinical effectiveness 

number needed to treat

confidence interval

heterogeneity 

publication bias 

Appendix 1. (continued)
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If YES, how would you rate the following methods to randomize patients to 
treatment and control group?

Definitely 

acceptable

Probably 

acceptable

Not sure Probably not 

acceptable

Definitely 

not 

acceptable

1. Use alternate days

2. Use date of birth

3. Use surgeon’s preference

4. Use a computerized random number 

generator or random number table

5. Use a coin toss

6. Use patient’s preference

7. Use patient’s hospital chart number

8. Use season of year

Blinding

Have you heard about “blinding” in patient research?     Yes        No 
(If NO, please proceed at “Randomization”)

If YES, in a double-blinded surgical trial, who is blinded? (multiple choices allowed)

 Surgeons and patients  Outcome assessors and data analysts

 Patients and outcome assessors  Surgeons and outcome assessors

 Patients and data analysts  Surgeons and data analysts

Randomization

  1. A process to ensure that patients receive the treatment or control that surgeons prefer the most.

  2. A process to ensure that both known and unknown prognostic factors (predictive factors) are equally 

balanced between treatment and control patient groups.

  3. A process to ensure that outcomes between treatments and control groups are the same.

  4. A process to ensure that patients in treatment and control groups are followed an equal amount of time   

and that their treatments are the same.

  5. Not sure what randomization means.

Appendix 1. (continued)
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2If YES, how would you rate the following techniques that may be used to ensure 
that investigators will not be able to determine the next group to which a patient 
will be randomized?

1. Place randomization to treatment or control in “opaque envelopes”.

Definitely 

acceptable

Probably 

acceptable

Not sure Probably not 

acceptable

Definitely not 

acceptable

2. Pin the randomization to treatment or control to a board in the operating room.

Definitely 

acceptable

Probably 

acceptable

Not sure Probably not 

acceptable

Definitely not 

acceptable

3. Investigators use the telephone to call a separate center that provides the randomization.

Definitely 

acceptable

Probably 

acceptable

Not sure Probably not 

acceptable

Definitely not 

acceptable

V

4. Only tell the randomization information to the surgeon who does not share this information with 

anybody else.

Definitely 

acceptable

Probably 

acceptable

Not sure Probably not 

acceptable

Definitely not 

acceptable

5. Only tell the randomization information to the research assistant/study nurse who will then tell the 

surgeon once a patient is identified.

Definitely 

acceptable

Probably 

acceptable

Not sure Probably not 

acceptable

Definitely not 

acceptable

This is the end of the questionnaire. We thank you very much for your participation. Please check if you filled out 

all double-sided pages. 

Appendix 1. (continued)
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Appendix 2. Competence instrument

Have you heard about “blinding” in patient research? No=0, Yes=1

If YES, in a double-blinded surgical trial, who is blinded? (multiple choice allowed)

1.  Surgeons and patients 0

2.  Patients and outcome assessors 1

3.  Patients and data analysts 1

4.  Outcome assessors and data analysts 1

5.  Surgeons and outcome assessors 0

6.  Surgeons and data analysts 0

Have you heard of randomized controlled trials as a study design? No=0 Yes = 1

Which of the following best describes randomization? (one possible)

1.  A process to ensure that patients receive the treatment or control that surgeons prefer the most. 0

2.  A process to ensure that both known and unknown prognostic factors (predictive factors) are  

equally  balanced between treatment and control patient groups.

1

3.  A process to ensure that outcomes between treatments and control groups are the same. 0

4.  A process to ensure that patients in treatment and control groups are followed an equal 

amount of time and that their treatments are the same.

0

5. Not sure what randomization means. 0

How would you rate the following methods to randomize patients to treatment 

and control group?

Definitely 

acceptable

Probably 

acceptable

1.  Use alternate days 0 0

2.  Use date of birth 0 0

3.  Use surgeon’s preference 0 0

4.  Use a computerized random number generator or random number table 2 2

5. Use a coin toss 2 2

6.  Use patient’s preference 0 0

7.  Use patient’s hospital chart number 0 0

8.  Use season of year 0 0

How would you rate the following techniques that may be used to ensure that 

investigators will not be able to determine the next group to which a patient 

will be randomized?

Definitely 

acceptable

Probably 

acceptable

1.  Place randomization to treatment or control in “opaque envelopes” 2 2

2.  Pin the randomization to treatment or control to a board in the operating 

room

0 0

3. Investigators use the telephone to call a separate center that provides the 

randomization

2 2

4.  Only tell the randomization information to the surgeon who does not share 

this information with anybody else

0 0

5.  Only tell the randomization information to the research assistant/study 

nurse who will then tell the surgeon once a patient is identified.

0 0

How strongly would you trust information from the following sources? Definitely trust Probably trust

1.  Prospective case series, (single group only, follow-up) 0 0

2.  Observational study (i.e. cohort study, case control) 2 2

3.  Meta-analysis of randomized controlled trials 2 2

4.  Retrospective case series (single group only) 0 0

5.  Surgeon’s opinion 0 0

6.  Case report 0 0

7.  Randomized controlled trial 2 2
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2Max score per item

1

0

1

1

1

0

0

1

0

1

0

0

0

Not sure Probably not 

acceptable

Definitely not 

acceptable

1 2 2 2

1 2 2 2

1 2 2 2

1 0 0 2

1 0 0 2

1 2 2 2

1 2 2 2

1 2 2 2

Not sure Probably not 

acceptable

Definitely not 

acceptable

1 0 0 2

1 2 2 2

1 0 0 2

1 2 2 2

1 2 2 2

Not sure Probably not trust Definitely not trust

1 2 2 2

1 0 0 2

1 0 0 2

1 2 2 2

1 2 2 2

1 2 2 2

1 0 0 2
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Introduction

Since its inception in the early 90’s evidence-based medicine (EBM) has been gaining 

recognition within both general and orthopaedic surgical literature.10;40;62;69 There has 

been a proliferation of EBM symposia within many orthopaedic journals and it has 

been suggested that there is a need for further education on aspects of EBM and study 

methodology among orthopaedic surgeons.4;9;13;29;54

Most of these “evidence-based orthopaedic surgery” articles were written to help 

readers understand the practice of EBM. However, a number of authors have written 

criticisms and sceptical reports on different aspects of EBM from study methodology to 

its implementation into clinical practice.18;48;62 In this article we will review EBM’s history 

and discuss the current myths and misconceptions illustrated by practical examples. 

Overview

One could argue that doctors have always tried to practice evidence-based medicine. 

The origins of “evidence-based medicine” span over 30 years, however, Gordon Guyatt, a 

Canadian internist at McMaster University coined the term in the beginning of the 1990s.33

Evidence-based medicine was initially described as an attitude of “enlightened scepticism” 

towards the application of diagnostic, therapeutic, and prognostic technologies. Said 

another way, evidence-based medicine is: “The conscientious, explicit, and judicious 

use of current best evidence in making decisions about the care of individual patients”. 

Recently, some authors have discussed a “paradigm shift” away from eminence based 

teaching practices (opinions and experience of experts) towards evidence based teaching 

practices.10;39 These are not mutually exclusive concepts and clearly the opinions and 

experience of experts are an important part of the decision making process when treating 

patients. Indeed, the practice of evidence-based medicine incorporates individual clinical 

expertise and patient preferences with the best available external clinical evidence.33 It 

does this by fostering the ability to ask a pertinent clinical question, search the literature, 

appraise it and apply the findings to patient care within a clinical setting. These principles 

have recently been promoted in orthopaedic surgery and have resulted in a “Users Guide” 

series in the American Journal of Bone and Joint Surgery.5

Evidence-based medicine has been implemented in some surgical residency programs 

and has been found beneficial in many instances.1;7;28;32;49 It may be that residents who 

have an appreciation for asking pertinent clinical questions and critical appraisal may 

more carefully integrate evidence as well as new technologies into their clinical practice. 

Orthopaedic surgeons have classically embraced innovations or new techniques on the 

basis of limited evidence.40 With the increase of health care costs due to new techniques 

and an aging population it may be necessary to move towards using interventions, 
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which are based on high quality clinical research with patient-important outcomes and 

demonstrated cost-effectiveness.10

Misconceptions about Evidence-Based Orthopaedic 
Surgery

Current criticisms and limitations of EBM can be grouped into six main arguments18; 

33;34;48;62: 1) EBM ignores clinical expertise, 2) EBM is not possible without Randomized 

Controlled Trials, 3) EBM is all about statistics and numbers, 4) The usefulness of applying 

EBM to individual patients is limited, 5) Keeping up to date and finding the evidence is 

impossible for busy clinicians 6) EBM is not evidence-based. Most of the criticisms have 

their roots in a misunderstanding of the concepts of EBM and are discussed point-by-

point below. 

Misconception 1: EBM ignores clinical expertise
Surgeons are afraid to lose autonomy in clinical decision making with the increasing 

amount of evidence-based guidelines. Following those guidelines has been referred to 

as “cookbook medicine”, which prevents surgeons from using their own “recipe”.33;58

This myth stands in contradiction with the definition of EBM, which is the integration of 

individual clinical expertise and patient preferences with the best available evidence.33

The practice of EBM needs to foster within the surgeon an attitude of empowerment, not 

managing patients according to ”the way we’ve always done it” but based on currently 

available best evidence. This requires understanding different studies designs, hierarchies 

of evidence, how to find the literature and how to incorporate it into practice. 

Furthermore, applying evidence directly is only applicable to the patient population 

that it is derived from. It is therefore necessary to understand issues of applicability and 

generalizability of study results to a specific patient or patient population. Let us take the 

example of a patient with a displaced intertrochanteric hip fracture who also has dementia. 

It may be that the best available evidence on a specific treatment includes those patients 

without dementia, or only those with undisplaced fractures. It would then be necessary 

to extrapolate the results from those studies to our patient if possible. While we may have 

some evidence to suggest which treatment to use in the study patients, clinical expertise 

helps in making decisions regarding the generalizability of those results.34;67 As pointed 

out clearly by Petersen et al. in this issue of Acta Orthopaedica, results from a RCT apply 

only to the cohort of patients that consented.52 We are often uninformed about the 

patient characteristics of the “non-consenters”. The findings of Petersen’s study caution 

the generalizibility of even level I studies. Indeed it was Sackett who said “Without clinical 

expertise, practice risks becoming tyrannized by evidence, for even excellent external 
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evidence may be inapplicable to or inappropriate for an individual patient.” but goes on 

to say “Without current best evidence, practice risks becoming rapidly out of date, to the 

detriment of patients.”.58

Misconception 2: EBM is not possible without RCTs
Evidence-based orthopaedic surgery posits the use of the best available evidence in 

clinical decision-making. The term “best evidence” assumes that a hierarchy of evidence 

must exist. Sackett and colleagues proposed a hierarchy with large randomized trials on 

the top and opinion at the bottom (Figure 1).33;53;59 Orthopaedic surgeons have modified 

this initial description for use in journals such as The Journal of Bone and Joint Surgery, 

American Volume and Clinical Orthopaedics and Related Research.15;70

But what is the best available evidence? Data derived from RCTs is considered to be 

the highest level of evidence, mainly, because randomization is the best way to balance 

known-, and the only way to balance unknown prognostic factors within both treatment 

and control groups in a therapeutic study.33;59 Although rated as Level I, an RCT can still 

have methodological flaws.56 Surgical trials, for example, have several important issues that 

differentiate them from trials of drug therapies. Common questions raised in orthopaedic 

trials include: Were all surgeons equally skilled at performing the techniques in the study? 

Were the techniques “specialized” or are they techniques general orthopaedic surgeons 

should be able to perform? If technique A is better than B, and a surgeon does technique 

B are they now required to learn and do technique A?  These questions can threaten how 

the results of these studies are interpreted by surgeons and subsequently how they are 

integrated or not integrated into clinical practice.23

It is also important to recognize that not all clinical questions can be answered with an 

RCT. While randomization in RCTs can be stratified based on prognostic factors, it would 

be in some cases unethical to actively randomize patients to certain types of prognostic 

or risk factors. For example, it would clearly be unacceptable to randomize consecutive 

patients to smoking or to no smoking to determine if smoking negatively affects fracture 
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healing. Prognostic factors of a disease or intervention can be assessed with a cohort 

study design which then provides the highest level of evidence without being an RCT.6

There are other situations where an RCT may not be feasible. For example, when the 

sample size required is too large or the follow-up requires many years. 

In orthopaedic surgery “lesser” forms of evidence have provided many insights that 

would have been impossible with RCTs.68 Some investigators argue that a well designed 

non-randomized study can effectively provide the same results as randomized trials. 
2;19;35 However, it has been shown in the orthopaedic literature that observational 

studies can over or underestimate treatment effect.12 Secondly, there are examples in 

the literature where clinical practice has been changed because of a high quality RCT 

or meta-analysis.14;42 As a final point, observational series or case reviews can generate 

highly significant hypotheses. While not providing definitive answers for clinical practice, 

they can most definitely set the stage for further experimental work. A classic example 

of an observation study of case-control design would be the assessment of the effect 

of smoking or other potential prognostic factors on the incidence of lung cancer (rare 

outcome, needs years to develop). In this case one would identify patients with lung 

cancer and a control group without lung cancer and retrospectively assess the patients’ 

exposure to smoking and other risk factors in both groups.27 This aids in further research 

and has provided information in a relatively short time with low cost. These points illustrate 

the continued value of experimental and observational design. Unfortunately there is the 

reality of publication bias, which is the tendency of investigators, reviewers, and editors 

to submit or accept manuscripts for publication based on the direction or strength of 

the study findings.16;24;63;66 This, at times, makes finding all available evidence difficult, 

which can influence clinical decision-making. Published reports describing complications, 

adverse events, technique or hardware failure, and mistakes in concepts can prevent 

repetitive studies of unsuccessful procedures, thus protecting patients.50;55

Misconception 3: EBM is all about statistics and numbers
Being an EBM practitioner does not mean that one has to be a statistician. However, 

understanding basic terminology is an important step towards the effective use of 

orthopaedic literature. Common terminology requisite to the practice of EBM is provided 

in Table 1.13;33

Studies with a positive treatment effect and significant p-values are often seen in the 

literature. This statistically significant treatment effect can at times be confused with 

a clinically important treatment effect. This may or may not be true. For example, a 

randomized trial of 1000 patients may report a statistically significant improvement in 

patient functional scores (3 point difference on a 100 point scale) following operative 

versus non-operative treatment of calcaneal fractures. However, many would argue that 

this difference is not clinically relevant and may not affect surgeon practice. Significant p-

values have been shown to influence the perception of surgeons regarding the importance 
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of a paper.8 More importantly it may be necessary to think in terms of the confidence 

interval. The confidence interval overcomes the limitations of the p-value by providing 

information about the size and direction of the effect, and the range of values for the 

treatment effect that remain consistent with the observed data.8

Despite the incorrect “over-emphasis” of statistics in EBM, Guyatt and Sackett, the 

forefathers of EBM, remind us that practicing evidence-based medicine starts with the 

patient and ends with the patient.33;59

Misconception 4: The usefulness of applying EBM to individual patients is 
limited

A fundamental principle of EBM tells us that evidence from the orthopaedic literature 

alone can never guide our clinical actions; we always require the inclusion of patients’ 

values or preferences.33;59 Individual patient preferences may differ from the evidence 

available in the literature. A relatively new concept is “evidence-based patient choice”.51;60

It describes two movements in western health care systems: 1) the increasing demand 

for evidence-based information, and 2) the centrality of individual patient choices and 

values in medical decision-making.51;60 In this day, surgeons are not the only ones 

Table 1. Common terminology requisite to the practice of EBOS13

Term Explanation

Study Power In a comparison of two interventions, the ability to detect a difference between the two 

experimental conditions if one in fact exists.

Alpha Error The probability of erroneously concluding there is a difference between two treatments when 

there is no difference. Typically, investigators decide on the chance of a false-positive result 

they are willing to accept when they plan the sample size for a study.

Beta Error The statistical error (said to be “of the second kind” or type II) made in testing when it is 

concluded that something is negative when it really is positive. Beta error is often referred to 

as a false negative.

P Value The probability that results as or more extreme than those observed would occur if the null 

hypothesis was true and the experiments were repeated over and over.

Confidence interval Range of two values within which it is probable that the true value lies for the entire population 

of patients from whom the study patients were selected.

Effect size The difference in the outcomes between the intervention and control groups divided by some 

measure of the variability, typically the standard deviation

NNT The number of patients who need to be treated during a specific period to prevent one bad 

outcome. When discussing number needed to treat it is important to specify the treatment, 

its duration, and the bad outcome being prevented. It is the inverse of the absolute risk 

reduction.

Relative Risk Ratio of the risk of an event among an exposed population to the risk among the 

unexposed.

Odds A ratio of probability of occurrence to nonoccurrence of an event.

Odds ratio A ratio of the odds of an event in an exposed group to the odds of the same event in a group 

that is not exposed.
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overloaded with information. Patients also have an abundance of information from a 

variety of resources most commonly the Internet. An evidence-based approach to surgery 

limits patients options to choose from “proven” therapies.60 Newer therapeutic options 

whose effectiveness is not backed up by evidence in the literature might therefore not 

be presented to the patient. To help patients in making the “right” decision for them, 

surgeons must be able both know and critically appraise the literature. As Haynes believes: 

“Evidence does not make decisions, people do.”.37 For example a recent meta-analysis on 

intra-capsular hip fractures shows that there is a significant re-operation rate with internal 

fixation compared to arthroplasty (relative risk 0.23 [95%CI 0.13 to 0.42]). However, there 

was a trend (relative risk 1.27 [95%CI 0.84 to 1.92]) towards an increase in mortality with 

hemiarthroplasty.3 Later, this trend has been disputed by a newer meta-analysis.57 While 

this evidence suggests arthroplasty would be the preferred choice for treating patients 

with displaced femoral neck fractures because of a lowered re-operation rate, patients 

may have compelling personal reasons and values that favour internal fixation devices. 

For instance, they may fear a potentially increased risk of mortality with arthroplasty 

(a patient important outcome) or have had previous personal experiences leading them 

towards one decision or the other. This specific patient may not fit the profile of those 

studied within the meta-analysis. This illustrates the importance of patient values, clinical 

acumen and best evidence.11

Misconception 5: Keeping up to date and finding the evidence is 
impossible for busy clinicians

Opponents of EBM argue that practicing EBM is not easy.7 This is true. The number 

of publications in the orthopaedic literature is growing (Table 2). Textbooks are still 

frequently used by orthopaedic surgeons as reference standards although the presented 

information often is outdated when the book goes to press.40 Realizing the volume of 

literature in orthopaedics, several resources have been developed and promoted to assist 

busy clinicians in finding the current best evidence. 

Database sources like the Cochrane database of systemic reviews (www.cochrane.org)

or “clinical queries” in PubMed preferentially identify systematic reviews and have built in 

filters to find randomized trials.
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Table 2. Numbers of RCTs published in leading orthopaedic journals

1975-1980 1981-1985 1986-1990

 N of RCTs % Total Pub  N of RCTs % Total Pub  N of RCTs % Total Pub

Acta 7 1,00% 732 9 1,30% 686 36 4,70% 774

CORR 4 0,20% 2140 8 0,40% 2083 20 0,80% 2441

JBJS Am 8 0,50% 1456 9 0,70% 1215 21 1,60% 1312

JBJS Br 3 0,50% 651 12 1,80% 649 19 1,80% 1067

Total 22 0,40% 4979 38 0,80% 4633 96 1,70% 5594
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This “clinical queries” in PubMED uses evaluated search strategies with your search 

to prevent an abundance of irrelevant hits.38 The standard PubMed search for hip AND 

fracture* AND arthroplast* would result in 2289 citations. The clinical queries feature 

limits the search to 66 articles. To keep up-to-date one can register to “my NCBI” for 

free. This will facilitate an email service, which sends all new trials in your search on a 

daily, weekly, or monthly basis to your email address. These strategies can dramatically 

reduce the time required to identify quality research. The same clinical queries feature can 

be used to find relevant systematic reviews and keep up-to-date with them. Recently, a 

post-publication clinical peer review system was introduced to help busy clinicians identify 

relevant and newsworthy publications.36

Pre-appraised resources such as EBM reviews in the Journal of Bone and Joint Surgery 

(American Volume), Journal of Orthopaedic Trauma, and the Canadian Journal of Surgery 

are just a few options for surgeons. Additional pre-appraised resources include the ACP 

Journal Club, Evidence-based medicine, Up to Date, and Bandolier. These resources have 

conducted the searches, summarized the results and provided “user friendly” summaries 

and bottom line conclusions for orthopaedic surgeons. Table 3 shows websites relevant 

to practicing evidence-based orthopaedic surgery.

Misconception 6: EBM is not evidence-based 
Critics of EBM cite the lack of evidence that EBM approaches actually improve patient 

outcomes. While this is partially correct, several reports do suggest that EBM education 

65

1991-1995 1996-2000 2001-2005

 N of RCTs % Total Pub  N of RCTs % Total Pub  N of RCTs % Total Pub

49 5,40% 909 51 6,30% 807 44 6,30% 697

57 2,30% 2443 61 2,70% 2267 58 2,30% 2543

37 3,10% 1199 44 3,60% 1230 101 4,70% 2133

69 5,40% 1275 64 5,10% 1262 98 7,10% 1388

212 3,60% 5826 220 4,00% 5566 301 4,50% 6761

Table 3. Some websites relefant to particing Evidence-Based Orthopaedic Surgery 

Name Website

Bandolier http://www.jr2.ox.ac.uk/bandolier/booth/booths/bones.html  

Best bets www.bestbets.org 

Cochrane collaboration www.cochrane.org 

Centre for Evidence-Based Medicine, Oxford http://www.cebm.net  

Evidence-based on call www.nelh.nhs.uk/eboc.asp 

PubMed Clinical Queries http://www.ncbi.nlm.nih.gov/entrez/query/static/clinical.shtml 

Post-publication Clinical peer review system http://plus.mcmaster.ca/raters/stellar.asp 
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instills greater satisfaction and good retention skills among trainees.49 Also, practicing 

evidence-based medicine is perceived helpful in structuring daily clinical decision-

making.28;29;41;43;45;46;49;54 While it may be difficult to ascertain the effectiveness of 

evidence-based medicine as a whole, it is not so difficult to see how some of the parts 

that make up evidence-based medicine play a role in patient care. 

The effective and timely implementation of key clinical research that is, finding and 

understanding the best available evidence has been shown on more than one occasion to 

affect patient outcomes. The implementation of evidence from RCTs and meta-analyses 

has helped to separate in some cases, successful therapies from ineffective or even 

harmful treatment modalities where previous observational studies (or in some cases 

studies lacking significant methodological rigor) failed to exemplify this.22;42 Results of 

randomized controlled trials made surgical interventions, like vagotomy for treatment 

of peptic ulcer disease, obsolete22; and found the basis for what are now routine 

interventions, such as antibiotic prophylaxis in surgical treatment of closed fractures.14

In the realm of medical education increasing use and understanding of critical appraisal 

is an essential tool for the surgical resident as the amount to learn in an ever shortening 

time is growing. Focusing on relevant and high quality literature “foreground” questioning 

can only augment background knowledge and sound surgical principles.54 In this instance 

aspects of EBM could be viewed as epistemology and a resident or trainee can begin to 

ask the question “how do we know what we know”. There is also some evidence to 

suggest that incorporation of EBM principles into resident journal clubs and education 

enhances self-assessment abilities as well as the perceived educational value of these 

events.17;20;25;30;31;44;47;61;64

These are but some examples of how the individual parts of practicing EBM- asking 

answerable questions, finding, appraising, and applying the evidence make the practice of 

EBM a systematic clinical utility that may affect clinical practice and thus patient orientated 

outcomes. Attempts have been made to evaluate this influence of research on society in 

general 65 and more specifically, the effect of evidence-based practice on quality of life of 

patients.26 To measure the effects of EBM on patients quality of life remains complicated 

and would need an evaluation of all individual aspects of the practice of EBM.65

Evidence-based orthopaedic surgery is part of the evolution of science; only time can 

tell if we are on the right track. To reach the highest possible evidence and guarantee 

excellent patient care the practice of evidence-based orthopaedic surgery needs to be 

subjected to ongoing evaluation. 

Conclusion

Most criticisms of evidence-based orthopaedics are rooted in myths and misconceptions. 

Evidence-based orthopaedic surgery should be perceived as a guide to help in clinical 
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decision-making in busy clinical practices. It must be reinforced that one can practice 

evidence-based orthopaedic surgery without the availability of RCTs. In such instances 

decision-making will be based on other sources of evidence.33 The effects of evidence-

based orthopaedic surgery need to be subject to ongoing evaluation.

Professor Per Aspenberg and Authors Discussion on 
“Misconceptions about Practicing Evidence-Based 
Orthopaedic Surgery”
(Published with Manuscript)

Per Aspenberg:

This paper is about myths and misconceptions, and I fully agree with it. However, it 

would be interesting also to discuss why these misconceptions are sometimes deliberate, 

and why they may perhaps become harmful to scientific development.

A. Health care authorities can misuse EBM to reduce short-perspective expenses. There is a 

tendency to use the absence of level I evidence to hinder the introduction and evaluation 

of new therapies. All new ideas are originally evidence-less! It is often necessary to do a 

short series of a new treatment to learn and get experience, before designing a proper 

(often randomized) study. Hospital directors can use the absence of evidence to enforce 

a standardized health care production, similar to industrialized production, which they 

can more easily control. Although evidence-based and valuable in the short perspective, 

this environment may become very conservative in a longer time frame. 

Authors’ response: This is an important issue. It is thought that Health-Care-Authorities 

may misuse the absence of level I evidence in a way that potentially can hinder the 

introduction and evaluation of new therapies indeed. However, absence of findings of 

RCTs may not restrict future hypothesis development and testing of new techniques; 

most new ideas are based upon a biological rationale or clinical experience (albeit 

lower levels of evidence) and those ideas that merit further investigation are often the 

subject of case series, cohort studies and ultimately clinical trials.

B. EBM can be misused to reduce the merit of people’s clinical experience in the struggle 

for power over the health care system. Especially in surgical disciplines the need for 

extrapolation (and intrapolation) from available data is very large. This requires, as the 

authors point out, a high degree of expertise and experience. However, the rightly low 

formal grading of expert opinion in EBM, is misused to reduce the value attributed 

to people expressing expert opinion in the struggle for influence over the health 

care system. I do not say this as an argument for a hierarchic system, where age and 

influence is labeled “expertise”. 
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Authors’ response: This is also a good point. Lack of evidence does not mean lack of 

clinical expertise. Readers must be warned that this EBM misconception can be misused 

to reduce the merit of doctor’s clinical experience. Recently, knowledge translation, 

defined as the “exchange, synthesis and ethically sound application of knowledge” has 

been proposed as a tool in closing the gap between evidence and practice.21 It focuses 

on the integration of evidence-based methods with not only the physician but also the 

health care team. Also, it makes it a mandate to address barriers to change, not just 

information transfer to the physician.21 The theory is such that this will lead to more 

“improved health, more effective services and products, and a strengthened health 

care system.”.21

C. Randomization fundamentalism may reduce clinical creativity. EBM is, right or wrong, 

thought to be very closely associated with randomized controlled studies. As the 

authors point out, this can lead to an unjustified disregard for uncontrolled studies. 

The emphasis on randomized controlled studies also has another problem, in that the 

concept of clinical knowledge can be (incorrectly) reduced to the sum of all such studies 

available. However, the most important part of doing research is to formulate creative 

hypotheses. This has to be based on a mixture of clinical experience, basic science and 

intuition. Once a good hypothesis is formulated, testing it in a clinical study is just a 

matter of resources and technicalities. However, I believe only few good hypotheses 

are formulated in the clinics today, and there may be a lack of literature coverage and 

knowledge of basic science. One reason is that doing science has become increasingly 

distant from clinical work. EBM is associated with a seemingly rigid system of grading 

scales and rules, which discourage people from trusting their own eyes and wanting 

to find out what they are actually doing in their everyday work. A rather loosely 

controlled clinical experimentation is probably an important requirement for creating 

an environment, where different ideas are circulating and good hypotheses formulated 

(and then tested, of course!). The designation of randomized studies as the only “real 

science”, may in the long run reduce clinical creativity.

Authors’ response: Again, this is an interesting thought. However, we do discuss this 

in less detail under misconception 3. Although creativity will create new hypothesis 

and is therefore important, medical science is different from, for example alternative 

or complementary medicine, in the fact that the hypothesis or hunches are tested 

and often are found to be unsuccessful. Creativity has brought us much in the past, 

but creative hunches have also been found to harm patients and therefore need to 

undergo rigorous testing in the best trial design available before to be advocated in a 

wide spread use. 

D. The power to decide which hypotheses are to be tested is gliding away from the 

clinics to the companies and politicians. Because the experienced clinician often cannot 
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afford to do a randomized control study, or force the formalistic obstacles associated 

with it, clinical science is often occupied with research questions aiming at earning 

money or votes, rather than helping sick people. EBM is misused in this context to 

hype large, technically perfect studies of minimally improved drugs, and to direct our 

interest towards doing such studies, thereby abandoning lower evidence grade studies 

of perhaps life-saving procedures. 

Authors’ response: This comment has a strong relation to the misconception that EBM is 

only possible with RCTs, the misconception we try to counter act. However, Professor 

Aspenberg raises an important concern with the funding of large scale RCTs. We as 

clinicians must be careful not to “hand over the wheel” to “money makers”. Conflicts 

of interests are of concern in medical science indeed. Therefore, clinicians must be in 

control of the study question, study design, study results and interpretation and should 

have full freedom in publishing the final manuscript without influence of the funding 

agency. These ethical considerations, however very important, were not the direct 

scope of our manuscript and warrant discussion in detail in a future manuscript.

To summarize, EBM is no doubt a basis for good and economic health care. However, 

we also need scientific development within the health care system, and science needs 

a balance between creativity and discipline. The creativity to formulate ideas and the 

discipline to test them. I fear that the powerful tool of EBM can be misused as a weapon 

to enforce discipline. This may be good for clinical care, but bad for new ideas. 

Authors’ response: We agree. This is exactly why EBM is just part of the evolution of 

science and needs to be under ongoing evaluation. EBM is not a fundamentalists’ 

religion but just one tool in the toolbox of knowledgeable clinicians. 
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Introduction

The number of prospective randomised trials in orthopaedic surgery is increasing.3 To 

assure that the rights, safety, and well-being of trial subjects (i.e. patients) are protected 

the Guideline for Good Clinical Practice (GCP) was developed.9;18 This Guideline has its 

origin in the Declaration of Helsinki. Furthermore, it assures that the clinical trial data 

are credible. The objective of the International Conference on Harmonization (ICH) 

GCP Guideline is to provide a unified standard for research in Europe, Japan, United 

States, Australia, Canada, and the Nordic countries. A copy of the entire guideline can 

be downloaded from the following website: http://www.emea.eu.int/pdfs/human/ich/

013595en.pdf.9

In this article we provide an overview of the Guideline for Good Clinical Practice in 

the context of conducting an orthopaedic clinical trial. Our emphasis focuses upon those 

issues most relevant to orthopaedics. 

The Principles of ICH GCP

The key principle of the GCP guideline is the ethical conduct of a trial.9 The trial 

cannot be initiated before all foreseeable risks and inconveniences are weighted against 

the anticipated benefit for the individual trail subject and society. Patient safety is the 

cornerstone of the GCP guideline.9 The safety and well being of the trial subjects are 

most important and should prevail over interest of science and society. 

The available non-clinical and clinical information on an investigational product should 

be adequate to support the proposed RCT.9 Therefore, the developers of the protocol 

should perform a systematic review (and/or meta-analysis) to gather the available 

evidence. Orthopaedic devices are sometimes introduced to the market without thorough 

evaluation. This approach may result in unnecessary risk for patients.5;19 In addition, not 

all new surgical treatments are improved from current standards.23

Investigators considering a new study must ask the key question: do we need a 

research trial to examine if a treatment works or doesn’t? Is there sufficient uncertainty 

about the relative effects of “investigational” and current standard treatments on patient 

importance outcomes? To ensure that no relevant published studies already exist, a 

thorough literature search is mandatory.10 Investigators should use a systematic approach 

to find the available evidence. Often, a systematic review may already exist. The Cochrane 

library is one extensive database of systematic reviews on a variety of topics.10 The 

conduct of a meta-analysis helps to systematically appraise the available evidence as well 

as to frame an answerable research question for future research.13

Clinical trials should be scientifically sound, and described in a clear, detailed protocol.9 

The British Medical Journal mandates the protocol of a trial to be reviewed together 
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with the final manuscript to identify protocol deviations.14 The trial should be conducted 

in compliance with the protocol that has received prior institutional review board or 

independent ethics committee approval. Some journals facilitate review of a protocol 

before the trial starts.11;17 Protocol publication ensures that investigators follow the 

guidelines of the protocol they initially proposed. Furthermore, it reduces the potential 

for sudden changes to the protocol and random analyses (ie “data-dredging”) to find a 

difference between treatment groups.2;11 Observational studies or case series are most 

suspect to data-dredging and post-hoc revisions.11 Therefore, protocols of these studies 

should be published before the conduct of the study. Legislation in some countries now 

requires registration of trials. Details can be found at: http://www.controlled-trials.com/. 

Methodological Issues in Clinical Studies

Key aspects of a methodological sound study design are randomisation, allocation 

concealment, and blinding.20 Randomisation ensures that both known and unknown 

prognostic factors are equally distributed in the treatment and control group. Allocation 

concealment prevents undermining of random, unpredictable assignment sequences 

resulting in overestimated treatment effects.22 Blinding of outcome assessors is mandatory 

especially if soft outcomes are used, as is often the case in orthopaedic trials.21 Treatment 

effects are known to be over- estimated in un-blinded studies.15;16;20

Key Administrative Issues 
The following principles are straightforward but should be followed in every trial. The 

medical care given to, and medical decisions made on behalf of, subjects should always 

be the responsibility of a qualified physician.9 Each individual involved in conducting a 

trial should be qualified by education, training, and experience to perform his or her 

respective tasks.9 Therefore, copies of licenses should be kept in the trial documentation. 

Before subjects can be enrolled in your study several pre-study documents must be 

compiled by the study coordinator and placed in the Study Operations Manual. If this is 

an FDA trial, a Form FDA 1572 (Statement of Investigator form) which summarizes what 

the FDA requires for an acceptable clinical study must be completed by the Principal 

Investigator (PI). An example and instructions for this form can be found at ( http://www.

ctsu.org/FDA_Form_1572_Final.pdf). Formal instruction and forms can be downloaded 

at ( http://www.fda.gov/cder/forms/1571-1572-help.html).  Other documents that are 

necessary to have on record before conducting a study to ensure patient confidentiality 

and legal protection are summarized in Table 1.
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Expertise-Bias: A Key Consideration When Conducting an Orthopaedic 
Trial

Scepticism about surgical RCTs found its roots in questions about surgeon’s learning 

skills in new surgical techniques. One can ask if all individuals involved in the conduct of a 

trial can be qualified by education, training, and experience to perform his or her respective 

tasks? Specifically, if surgeons have to perform a new or technically demanding surgical 

technique in the trial expertise becomes an issue. Surgeons might be sceptical about 

a technique they normally do not perform. To overcome this ethical barrier in surgical 

RCTs the “expertise based trial” has been promoted by Devereaux and colleagues.8 In an 

expertise based randomised trial subjects are allocated to a treatment provider, not to a 

treatment.8 This ensures treatment by qualified and motivated surgeons who believe in 

the technique they are using, thus reducing potential bias. 

Informed Consent
Freely given informed consent should be obtained from every subject prior to clinical 

trial participation.9 In orthopaedic RCTs patient recruitment can be difficult.4;6;7 Low 

recruitment can lead to small sample size and therefore, insufficient statistical power. 

The results of underpowered clinical trial will not be able to provide clinically important 

answers the trial was designed for, while it risks adverse events of the participants.12

Investigators should try to identify potential recruitment problems beforehand and modify 

their approaches accordingly.12 To secure recruitment in surgical trials pre-randomisation 

has been suggested and used successfully.4;6 This randomisation design maximizes the 

physician-patient relationship.4 It is important not to undermine the patient’s trust in 

medical science; therefore informed consent and recruitment are important ethical 

aspects of a trial.12

Table 1. Pre-study documents

• Curriculum vitae (CV) - usually required of the PI and all co- or sub-investigators. CVs should be up-to-date, 

signed, and dated to show that they are current. 

• Lab certifications - licenses, certifications, and normal laboratory values must be on file*. 

• Signed protocol – This must be signed and dated by the PI. 

• Financial/certification disclosure – Every PI needs to certify/disclose if he/she has a financial interest in the 

sponsoring company or device being tested*. 

• Institutional Review Board or Ethical Committee approval 

• Study budget 

• Letters of agreement with sponsor* 

• Approved informed consent form 

*If applicable  PI: Principal Investigator
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Data Management
All clinical trial information should be recorded, handled, and stored in a way that 

allows its accurate reporting, interpretation and verification.9 This principle will ensure 

proper adjudication and will help data collection. If any adverse event occurs during the 

trial this needs to be documented for detailed evaluation. Moreover, it will be easier for 

investigators to collect the results and analyse them. Randomised controlled trials almost 

always have some missing data. Inadequate handling of these missing data in the analysis 

can cause substantial bias in the treatment effect estimates.24 One way of preventing this 

possible source of bias is detailed and accurate documentation. The success and integrity 

of a trial depends on the data quality and data management.3 Data collection in multi 

centre trials is challenging. Designated coordinating centres use centralized computer data 

collection systems that can be fax-based or Internet-based.3;25 Study documents should 

be created and are summarized in Table 2. Each subject who is enrolled in your study 

must have a folder that contains documents necessary for patient education, informed 

Table 2. Study Documents

Document Description

Investigator brochure (summary of device 

or method)*

Delegation of responsibilities form (from 

PI to others)

Source documents The first recording of any observations made or data generated about 

a study subject during his/her participation8. Source documentation 

is the foundation of all studies as they confirm the completeness and 

accuracy of data collection and that the study follows the protocol and is 

ethically administered. “Facts About Source Documents” can be found at 

the following FDA website: http://www.fda.gov/cder/present/dia-699/

wollen-dia99/

Subject Enrolment Forms Forms listing all subjects to aid in the scheduling of subject visits and 

serves as a checklist to ensure all necessary CRFs are completed for each 

visit.

Case report forms (CRF) Documents that provide for a seamless transfer of data from the source 

documents to the study database. CRFs are pre-printed pages that 

allow the investigator or study coordinator to document data regarding 

demographics, medication use, prognostic factors and all follow-up 

outcomes being measured.

Adverse event forms Forms that allow for the documentation of medical complaints and 

possible side effects of any degree that may or may not be attributed to 

the study procedure.

Authorized signature record List of names of those individuals who are authorized to complete or 

make changes to the CRFs.

Site visit log (monitor log) A form used to record visits by the study monitor to each study site.

Telephone log Used to record all telephone contacts that pertain to the study.

All correspondence to and from sponsor*

*If applicable
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consent, and proper data collection (Table 3). Each document within the subjects work 

folder should have the subject unique identifier. For example, 2C-322 may indicate Protocol 

2C, site number 3, subject number 22. The confidentiality of records that could identify 

subjects should be protected, respecting the privacy and confidentiality rules in accordance 

with the applicable regulatory requirements.9 For this reason subjects should be given a 

unique identification number as described above. Data will be checked in the coordinating 

centres for missing information, implausible data, and inconsistencies at an early stage. 

Research coordinators from each clinical site should be contacted by phone to ensure 

problems are corrected. Failure to resolve problems urgently will violate the GCP Guideline 

and can result in termination of the trial by the authorities as a worst-case scenario.

Investigational products should be manufactured, handled, and stored in accordance 

with applicable good manufacturing practice (GMP). They should be used in accordance 

with the approved protocol.9 In orthopaedic trials this issue should be discussed with for 

example the implant manufacturer and documented accordingly.

Systems with procedures that assure the quality of every aspect of the trial should be 

implemented.9 To facilitate this “Study Operations Manual” is created. This manual will be 

helpful to oversee the day-to-day operations of a study.1 It will provide detailed instructions 

for all study procedures. This manual should include the step-by-step process for enrolling 

and following patients, entering and managing data, and monitoring the process. Copies 

of all study materials, including study protocol, consent forms, questionnaires, etc, should 

also be included in the manual. Procedures for maintaining confidentiality and quality 

assurance and control should be covered.1 Table 4 summarizes the critical ingredients for 

the Study Operations Manual.1

Table 3. Subject Folder

• Protocol synopsis – It is a good idea to have a simplified version of the protocol that explains in simple and non-

technical terms the process and timeline the patient will need to adhere to during the duration of the study. 

• Medical release of Information for medical records. 

• Informed consent form (two signed copies – one for the subject and one for the research records). 

• Screening sheet that includes inclusion and exclusion criteria for determining eligibility. 

• Pertinent Case Report Forms. 

• Lab, radiographic, or other records associated with the study. 

• Compensation vouchers if the subjects are getting paid. 

• Letters or communication to or with the subject. 

• Other subject specific documents as applicable.  
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Committees and trail personnel to ensure 
adherence to the GCP Guideline

Especially, the complexity of a multi centre trial requires key organizing comities to 

overlook the conduct of the trial, to assure patient safety, and to limit bias in outcome 

assessment in other words: adherence to the GCP guideline.3

Steering Committee
The Steering Committee is responsible for the overall design and conduct of a trial.3

Although not all trials require safety monitoring by a formal committee external to the 

trial investigators all trials need safety monitoring.

Data Safety Monitoring Board
A Data Safety Monitoring Board (DSMB) is usually required for large multi centre trials 

that evaluate interventions intended to prolong life or reduce risk.3 DSMB consists of 

health care professionals who are completely independent of the investigators.3 The 

members have no financial, scientific, or other conflict of interest with the trial. The DSMB 

members should have relevant clinical expertise, clinical trial methodology experience, 

bio-statistical expertise, and or experience related to medical ethics.3 The DSMB reviews 

data related to the conduct of the study. Recruitment rates, ineligibility, non-compliance, 

protocol violations and dropouts are aspects reviewed by the DSMB. The DSMB will make 

recommendations to the Steering Committee concerning the continuation of the study.3

Adjudication Committee
This committee is designated to review important study end-points reported by the 

trial investigators. This is to determine whether they meet protocol-specified criteria.3 To 

prevent bias, the adjudication committee is blinded to treatment allocation where ever 

possible.21 If blinding is not feasible bias is prevented due to the independent nature of 

Table 4. Critical ingredients for the Study Operations Manual1

Element Description

Study Protocol Read and understand all sections of the protocol and ensure that all investigators 

have reviewed it, given input, and agreed to following the procedures (signature 

is recommend and sometimes required).

Compile pre-study documents These are documents that are absolutely necessary to have on record before 

conducting a study to ensure patient confidentiality and legal protection.

Create study documents These are documents that you and all study personnel will be using to document 

the day-to-day study activities including data collection.

Create subject work folder Each subject will need a folder that includes all documents they must read, 

understand, and sign.
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the Adjudication Committee. Especially for subjective outcome measures such as fracture 

healing bias lures, therefore an Adjudication Committee can ensure the highest scientific 

quality of a trial. 

Trial Personnel
In a large multi centre trial a methods and coordination centre controls the daily 

trial activities, including: centralised randomisation, data management, and overall 

coordination.3 A multi centre trial with a sample size over 1000 patients will require 

two data managers, a bio-statistician, two to three research coordinators and a fulltime 

administrative assistant.3 The study coordinators are vital for the success of a trial.

Conclusion

The guideline for Good Clinical Practice was developed to conduct clinical trials on 

an ethical basis. For investigators it requires a large time commitment but will result in 

pure data collection while patent safety is maintained. Adherence to this guideline will 

safeguard patient trust in science. 
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Abstract 

Background The Levels of Evidence Rating System is widely believed to categorize 

studies by quality, with Level I studies representing the highest quality evidence. We aimed 

to determine the reporting quality of Randomised Controlled Trials (RCTs) published in the 

most frequently cited general orthopaedic journals. 

Methods Two assessors identified orthopaedic journals that reported a level of evidence 

rating in their abstracts from January 2003 to December 2004 by searching the instructions 

for authors of the four highest impact general orthopaedic journals. Based upon a priori 

eligibility criteria, two assessors hand searched all issues of the eligible journal from 2003-

2004 for RCTs. The assessors extracted the demographic information and the evidence 

rating from each included RCT and scored the quality of reporting using the reporting 

quality assessment tool, which was developed by the Cochrane Bone, Joint and Muscle 

Trauma Group. Scores were conducted in duplicate, and we reached a consensus for any 

disagreements. We examined the correlation between the level of evidence rating and 

the Cochrane reporting quality score. 

Results We found that only the Journal of Bone and Joint Surgery – American Volume 

(JBJS-A) used a level of evidence rating from 2003 to 2004. We identified 938 publications 

in the JBJS-A from January 2003 to December 2004. Of these publications, 32 (3.4%) 

were RCTs that fit the inclusion criteria. The 32 randomized trials included a total of 

3608 patients, with sample sizes ranging from 20 to 474 patients per RCT. Despite being 

labelled as the highest level of evidence (Level 1 and Level II evidence), these studies had 

low Cochrane reporting quality scores among individual methodological safeguards. The 

Cochrane reporting quality scores did not differ significantly between Level I and Level II 

studies. Correlations varied from 0.0 to 0.2 across the 12 items of the Cochrane reporting 

quality assessment tool (p>0.05). Among items closely corresponding to the Levels of 

Evidence Rating System criteria assessors achieved substantial agreement (ICC=0.80, 

95%CI:0.60 to 0.90). 

Conclusions Our findings suggest that readers should not assume that 1) studies 

labelled as Level I have high reporting quality and 2) Level I studies have better reporting 

quality than Level II studies. One should address methodological safeguards individually.

90



Level I Evidence Rating

5

Background 

The International Society of Medical Editors emphasises the importance of effective 

reporting in medical literature.9;12 However, previous studies have identified poor quality 

of reporting of study methodology in the orthopaedic literature.5;7

Since January 2003, all clinical scientific articles published in the American Volume 

of The Journal of Bone and Joint Surgery (JBJS-A) have included a level of evidence 

rating.1;22 The Levels of Evidence Rating System is a tool that classifies the quality and 

design of a study. Based on a review of several existing evidence rating systems, JBJS-A 

has designed a scheme that uses five hierarchical levels for each of the four different 

study reporting types (therapeutic studies, prognostic studies, diagnostic studies, and 

economic and decision analyses).1;22 According to the Levels of Evidence Rating System 

hierarchy, randomised controlled trials (RCTs) occupy the top positions (Level I & Level II 

evidence) and expert opinion lies at the bottom (Level V evidence).1;22 Previous research 

has suggested that investigators with training in epidemiology can achieve nearly perfect 

agreement when applying the Levels of Evidence Rating System to a study.8 This research 

suggests reliability; however, the system’s validity remains debatable.8

The Levels of Evidence Rating System causes readers to infer that Level I evidence RCTs 

are of better methodological quality than Level II evidence RCTs.4 The Editorial Board 

Members of the JBJS-A reported that the Levels of Evidence Rating System would have 

important advantages such as enabling the journal “to monitor and to periodically report 

trends in the quality of orthopaedic clinical research”.22 Furthermore, the editors wrote 

that “higher levels of evidence should be more convincing to surgeons attempting to 

resolve clinical dilemmas”.22

The assessment of the true quality of published studies remains challenging.14;16;19 One 

can judge the true study quality only if the reporting of the trial is done in a clear and 

comprehensive manner. For example, in some published articles within Internal Medicine 

literature, the authors failed to report important methodological safeguards that were in 

fact used during the conduct of the trial.10 Therefore, high quality depends not only on 

the nature of the work, but also on the completeness of the reporting.9 Most readers of 

medical literature will base their assessment of study quality solely on the information 

contained in the report of a trial, as they will not be bothered to contact the author for 

additional information.10

The most developed criteria for guiding clinicians in their assessment of study reporting 

quality have been proposed for RCTs, since RCTs are a study design that yield the lowest 

chance of bias.16;20 The Consolidated Standards for Reporting of Trials (CONSORT) 

statement was developed to help authors present their trial in a structured and complete 

manner. Assessors, on the other hand, use different tools to assess the quality of a trial. 

The Cochrane Collaboration, which is the largest database of systematic reviews (N= 

4041, October 2005) and clinical trials (N= 454449, October 2005) in existence, has 
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adopted one commonly utilized rating system to guide assessors in their assessment of 

study quality, as evaluated through the information contained in the report.3;19

Given the upcoming use of the Levels of Evidence Rating System in orthopaedic 

literature, we aimed to evaluate the reporting quality of RCTs published in the JBJS-A 

from 2003 to 2004 (Level I and Level II evidence ratings). We, therefore, extracted the 

level of evidence rating as published in each RCT and compared this rating with the 

well-established Cochrane Bone, Joint and Muscle Trauma Group’s reporting quality 

assessment tool. We chose the JBJS-A because it was the most frequently sited general 

orthopaedic journal (ISI web of science), and the only journal that used this Levels of 

Evidence Rating System in the eligible time period.

Our hypotheses were twofold: 1) Level I evidence studies in a high impact general 

orthopaedic journal would not necessarily have high quality reporting and 2) the reporting 

quality of RCTs would not differ among trials labelled as Level I or Level II evidence.

Methods

Study Design
We conducted a methodological study. We assessed the level of evidence rating 

assigned to a series of RCTs with the Cochrane reporting quality score. 

Eligibility Criteria
Two assessors (RWP, MB) identified orthopaedic journals that reported a level of 

evidence rating in their abstracts from January 2003 to December 2004 by searching the 

instructions for authors of the highest impact general orthopaedic journals (JBJS-A, JBJS-

British Volume, Clinical Orthopaedics and Related Research, and Acta Orthopaedica). 

Within the eligible journal, two assessors (RWP, RK) hand searched all issues from 2003-

2004. The eligibility criteria were determined and set a priori. Eligible studies included 

those reported as RCTs involving a therapeutic intervention and using human subjects. 

We conducted searches in duplicate, and the consensus of three authors (RWP, RK, MB) 

resolved any disagreements. 

Study Demographic Information
The relevant demographic information was extracted from each eligible study by one 

investigator (RWP) and rechecked for accuracy by a second investigator (PAAS). The 

extracted data included (1) first author (surgeon, non-surgeon, or epidemiologist), (2) cited 

statistical support or methodological support by a department of clinical epidemiology or 

public health, (3) year of publication, (4) total sample size, (5) number of centres, (6) name 

of intervention, (7) category of intervention (fracture treatment, treatment of degenerative 

disease of the spine and joints, drug trial, pain management, or other), (8) body region 
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(upper extremity, long bones of lower extremity, spine, hip and knee, or foot and ankle, 

DVT, or other), (9) financial support (yes or no), (10) direction of results (positive [if the 

findings of the randomised trial were significant] or negative [if they were not significant]), 

and (11) trial reported according to the CONSORT statement (yes or no). 

Levels of Evidence
One of the authors (RWP) extracted the level of evidence from each abstract of the 

included RCTs. A second author (INS) double-checked the evidence rating to ensure that 

it was correctly extracted from the paper.

Quality of Reporting Assessment
Two authors (RWP, PAAS), blinded to study author and institution, graded the 

reporting quality of the included RCTs using the Cochrane reporting quality assessment 

tool, which was devised by the Cochrane Bone, Joint and Muscle Trauma Group, formally 

known as the Musculoskeletal Injuries Group. This scoring scheme covers aspects of 

internal and external validity for the assessment of methodological quality.2 We used this 

reporting quality assessment tool as our reference standard due to its widespread use2

and association with the methodologically rigorous Cochrane reviews of RCTs.6;13;19 The 

tool consists of twelve items important for the critical appraisal of a RCT report. A coding 

manual was available from the group’s website.2 The highest possible score for each item 

was 2 and the lowest was 0. Additional file 1 contains the scoring system that we used 

to identify the important aspects of reporting methodological quality [see Additional file 

1]. We followed the recommendation found in the Cochrane Handbook which stated 

that at least two authors assess information that involves subjective interpretation and 

information that is critical to the interpretation of results (e.g., outcome data).11

Studies that randomly allocated patients (Item D), concealed randomisation (Item A), 

blinded participants (Items C, E, F) and documented study withdrawals (Item B) were reported 

to reflect higher quality.18;21 We scored all reported methodological safeguards separately for 

all identified RCTs. Different quality aspects can be weighted differently and thresholds are 

arbitrary14; therefore, we did not summarize the scores in totals, but reported the raw data.

Ensuring the Accuracy of the Quality Rating
We used Intraclass Correlation Coefficients (ICC) to measure the agreement between 

the assessors’ assessment of study reporting quality. We used Landis and Koch’s suggested 

criteria for the interpretation of the agreement: 0 to 0.2 represented slight agreement, 

0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, and 0.61 to 0.80 

substantial agreement. A value above 0.80 was considered almost perfect agreement.15

Regardless, if two assessors disagreed even slightly, consensus was attempted after 

carefully reading the article a second time in a consensus meeting. In situations where 
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discrepancies persisted despite a consensus meeting, a third assessor was asked for an 

opinion on the specific item to reach final consensus. This method of quality assessment 

a final consensus meeting has been commonly used in Cochrane reviews. All assessors 

(RWP, PAAS, MB, and RK) were well trained in quality assessments, were clinically active 

in orthopaedic surgery, had completed a Cochrane Review course, and had co-authored 

in Cochrane systematic reviews of RCTs. 

Statistical Analysis
Data was analysed using the SPSS statistical software package (version 11.2; SPSS, 

Chicago, Illinois). We summarized all individual Cochrane reporting quality items with 

mean scores, which we then compared with student t-tests. We compared more than 

two means with single factor analysis of variance adjusted for post-hoc comparison 

testing. We then compared the total scores (0-2) for each item in the Cochrane reporting 

quality assessment tool with the level of evidence rating as published in JBJS-A. Prior 

to the analysis, we identified Cochrane Items A, C, E, F, and L to be most similar to the 

description of the levels of evidence. In a subgroup analysis, we compared the levels of 

evidence as described in the instructions for authors with the Cochrane reporting quality 

items that were deemed similar (Table 1). We used the Spearman’s correlation (non-

parametric test, non-normally distributed data) to calculate the correlation between the 

JBJS-A level of evidence rating and the total Cochrane reporting quality score, and the 

correlation between the JBJS-A level of evidence rating and Items A, C, E, F, and L of the 

Cochrane reporting quality score. For correlations, we categorized the levels of evidence 

from 1 to 4 (1= level 1A, 2=level 1B, 3=level 2-1, 4=level 2-2) with 1 representing the 

highest level. We used p<0.05 to represent statistical significance. All tests of significance 

were two-tailed. 

Sample Size
Our study sample size included all RCTs published in the JBJS-A from January 2003 to 

December 2004. We required at least 30 eligible RCTs to provide sufficient correlation data 

on the level of evidence ratings and the Cochrane reporting quality scores (alpha=0.05, 

Beta=0.20, rhonull=0.2, rho=0.7).  

Table 1. Cochrane Items Closely Related to the Levels of Evidence

Levels of Evidence JBJS in instruction for Authors Cochrane Item

Level Description A B C D E F G H I J K L

I High-quality randomised controlled trial with statistically 

significant difference or no statistically significant difference 

but narrow confidence intervals 

2 X 2 x 2 2 x x x x x 2

II Lesser-quality randomised controlled trial (e.g., <80% 

follow-up, no blinding, or improper randomisation) 

0 X 0 x 0 0 x x x x x 0

Levels of Evidence compared with separate Cochrane items. 2 is maximal possible Cochrane score. 0 is minimal 
possible score. X is not described in instruction for Authors.

94



Level I Evidence Rating

5

Results 

Study Demographic Information
Of the four high impact orthopaedic journals, only JBJS-A used the level of evidence 

rating from 2003 to 2004. We identified 938 publications in the JBJS-A from January 

2003 to December 2004. Of these publications, 32 (3.4%) were RCTs that fit the eligibility 

criteria. Thirty-one (97%) of the first authors were surgeons and 1 (3%) was a physician, 

Table 2. Characteristics of the Thirty-two Trials

Characteristics No. of Studies (%)

Total No. of RCTs 32 (100%)

First author

Surgeon 31 (97%)

Nonsurgeon 1 (3%)

Epidemiology affiliation

Yes 3 (9%)

No 29 (91%)

Category of trial

Fracture treatment 7 (22%)

Treatment of degenerative disease 11 (34%)

Drug trial 4 (13%)

Pain management 0 (0%)

Other 10 (31%)

Region of body

Upper extremity 5 (16%)

Lower-extremity long bones 2 (6%)

Spine 2 (6%)

Hip 5 (16%)

Knee 9 (28%)

Foot and ankle 6 (19%)

Soft tissue 2 (6%)

DVT 1 (3%)

Number of centres

Single 26 (81%)

Multi 6 (19%)

Funding received

Yes 17 (53%)

No 15 (47%)

Direction of results

Positive 24 (75%)

Negative 8 (25%)

CONSORT

Yes 4 (13%)

No 28 (87%)
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Table 3. Cochrane Bone, Joint and Muscle Injury Group scores for all 32 RCTs

Study Level of 

Evidence

Cochrane Bone, Joint and Muscle Trauma Group reporting quality assessment 

score item (see below)

A B C D E F G H I J K L

1 II-2 0 0 0 0 0 0 2 2 2 1 2 1

2 I-1b 1 1 2 2 0 0 2 2 2 2 2 2

3 I-1a 1 0 2 2 2 0 1 2 2 2 1 1

4 I-1a 1 1 0 2 0 0 2 2 2 2 1 1

5 II-2 2 1 0 0 0 0 0 2 2 2 2 2

6 I-1b 2 0 2 2 0 0 0 2 2 2 2 1

7 I-1a 1 0 0 2 0 0 2 2 2 2 2 0

8 I-1a 1 2 0 2 0 0 1 2 2 2 2 2

9 I-1a 2 0 0 2 0 0 1 1 2 2 2 2

10 I-1a 1 0 0 2 0 0 2 1 2 2 1 1

11 I-1b 1 0 2 0 0 0 2 1 2 2 1 1

12 I-1a 1 2 0 1 0 0 1 1 1 2 2 2

13 I-1a 2 0 1 2 0 0 0 1 2 2 1 1

14 I-1a 0 1 0 2 0 0 1 2 2 2 2 1

15 I-1a 2 1 0 2 0 0 1 2 2 2 2 1

16 I-1a 1 1 0 1 0 0 0 1 2 2 2 1

17 I-1b 0 0 0 0 0 0 0 2 2 2 1 1

18 I-1a 0 1 2 0 0 0 2 2 2 2 2 0

19 I-1a 2 1 2 2 0 0 2 2 2 2 2 2

20 I-1a 1 2 0 2 2 0 2 2 2 2 2 1

21 I-1a 1 0 2 2 0 0 2 2 2 2 2 2

22 I-1a 1 1 0 0 0 0 2 2 2 2 2 2

23 I-1a 2 2 0 2 0 0 2 2 2 2 2 2

24 I-1a 2 1 2 1 2 2 2 2 2 2 2 1

25 I-1b 0 2 2 2 0 0 2 2 2 2 2 1

26 I-1a 2 0 2 2 2 0 0 2 2 2 2 2

27 I-1b 2 2 2 2 2 0 2 2 2 2 2 1

28 I-1a 2 1 2 2 0 0 0 2 2 2 1 1

29 I-1a 2 0 0 2 0 0 2 2 2 2 1 1

30 I-1a 1 1 0 2 0 0 0 1 2 2 1 1

31 I-1b 1 2 2 2 2 2 2 2 2 2 2 1

32 II-1 1 1 0 2 0 0 0 2 2 2 1 1

A B C D E F G H I J K L

Number of studies with 
maximum score

12 7 13 23 6 2 17 25 31 31 22 10

Percentage of studies 
with maximum score (%)

38 22 41 72 19 6 53 78 97 97 69 31
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who was not a surgeon. In 5 (16%) of the RCTs, at least one author had cited training in 

biostatistics (MSc or PhD) or was affiliated with a department of statistics, public health, 

or clinical epidemiology The 32 randomized trials included a total of 3608 patients, with 

sample sizes ranging from 20 to 474 patients per RCT. Six (19%) of the studies were 

performed in two or more centres, 11 (34%) focused on interventions related to the 

treatment of degenerative joint disease, 7 (22%) focused on fractures, and the remainder 

involved problems affecting the upper extremity [5 (16%)], the foot and ankle [6 (19%)], 

and the knee [9 (28%)]. Four (13%) RCTs were reported according to the CONSORT 

statement (Table 2). References to the included studies can be found in Additional file 2 

[see Additional file 2].

Levels of Evidence
Of the 32 included RCTs, 29 were reported as Level I studies and 3 were reported as 

Level II studies. Level I studies were further subgrouped into 22 Level-1A and 7 Level -1B 

(RCT-no significant difference, but narrow confidence intervals) studies. Level II studies 

were also subgrouped into 1 Level II-1 and 2 level II-2 studies as extracted from the 

included papers’ abstract.

Limitations in Quality of Reporting (Hypothesis 1)
Only 12 (38%) of the 32 included RCTs clearly described allocation concealment (Item 

A). Seven (22%) clearly described an intention to treat analysis (Item B). Thirteen (41%) 

clearly described the blinding of outcome assessors (Item C). Twenty-three (72%) clearly 

described the comparability of the treatment and control group at entry (Item D). Six 

(19%) of the 32 RCTs clearly described the blinding of participants (Item E). Only 2 (6%) 

of the studies clearly described the blinding of treatment providers (Item F). Seventeen 

(53%) clearly described identical care programmes other than the trial options (Item G). 

Of the 32 RCTs, 25 (78%) adequately described the inclusion and exclusion criteria (Item 

Legend to Table 3.
Cochrane Bone, Joint and Muscle Trauma Group reporting quality assessment items:
A. Was the assigned treatment adequately concealed prior to allocation?
B. Were the outcomes of participants who withdrew described and included in the analysis 
(intention to treat)?
C. Were the outcome assessors blinded to treatment status?
D. Were the treatment and control group comparable at entry?
E. Were the participants blind to assignment status after allocation?
F. Were the treatment providers blind to assignment status?
G. Were care programs, other than the trial options, identical?
H. Were the inclusion and exclusion criteria clearly defined?
I. Were the interventions clearly defined? 
J. Were the outcome measures used clearly defined?
K. Were diagnostic tests used in outcome assessment clinically useful?
L. Was the surveillance active, and of clinically appropriate duration?
[See Additional file 1].
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H). Of all the items, I and J were described best in all 32 RCTs: 31 (97%) clearly described 

the interventions and 31 (97%) clearly described the outcome measures used. Twenty-

two (69%) clearly described a useful diagnostic test in the outcome assessment (Item K). 

Only 10 (31%) described an appropriate duration of follow-up (Item L). Table 3 shows all 

data for each RCT.

Among items closely corresponding to the Levels of Evidence Rating System criteria (Items 

A, C, E, F, and L), assessors achieved substantial agreement (ICC=0.80, 95%CI:0.60 to 0.90). 

Across each of the 12 items, however, agreement varied (Range of ICC= 0 to 0.80). In all 

cases, assessors achieved consensus, either alone or with a third, intervening reviewer. 

Correlation between Cochrane Reporting Quality Scores and Reported 
Levels of Evidence (Hypothesis 2)

We compared the mean score in each item of the Cochrane reporting quality assessment 

tool separately (Items A through L) with each level of evidence (Table 4). Mean quality 

scores did not significantly differ across the 12 separate items of the Cochrane reporting 

quality assessment tool (Table 4). Correlations varied from 0.0 to 0.2 across the 12 items 

of the Cochrane reporting quality assessment tool (Table 4).

Table 4. Mean and median Cochrane score for all items compared with Levels of Evidence 

Cochrane score (max=2 points for each A-L)

Level JBJS A B C D E F G H I J K L

% with score=2 38% 22% 41% 72% 19% 6% 53% 78% 97% 97% 69% 31%

Mean Level I-1a 1.3 0.8 0.7 1.7 0.4 0.1 1.3 1.7 2.0 2.0 1.7 1.3

Median Level I-1a 1.0 1.0 0.0 2.0 0.0 0.0 1.5 2.0 2.0 2.0 2.0 1.0

Mean Level I-1b 1.0 1.0 1.7 1.4 0.6 0.3 1.4 1.9 2.0 2.0 1.7 1.1

Median Level I-1b 1.0 1.0 2.0 2.0 0.0 0.0 2.0 2.0 2.0 2.0 2.0 1.0

Mean Level II 1.0 0.7 0.0 0.7 0.0 0.0 0.7 2.0 2.0 1.7 1.7 1.3

Median level II 1.0 1.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 2.0 2.0 1.0

ANOVA (p value)* NS NS NS NS NS NS NS NS NS NS NS NS

Correlation  (-) 0.04 0.2 0.1 0.2 0.1 0.2 0.0 0.3 0.1 0.2 0.03 0.1

p values corrected for post hoc comparisons (Bonferroni), NS= non-significant p value (P>0.05)

Discussion 

Summary of Key Study Findings
The results of our methodological study demonstrated two key findings 1) Level I 

evidence studies revealed important limitations in their quality of reporting and 2) non-

significant difference in the quality of reporting between studies labelled as Level I or 

Level II evidence.
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Strengths and Weaknesses
Our study is strengthened by the use of a well-described and commonly used 

quality assessment tool from the Cochrane Collaboration that identifies the relevant 

methodological aspects of trials as reported and assesses these aspects individually. 

Furthermore, all assessors (RWP, PAAS, MB, RK) were well trained in quality assessments. 

Our decision to conduct assessments in duplicate (and triplicate when assessors disagreed) 

further strengthened the rigor of our assessments.11 The paucity of Level II studies in 

our series limited inferences about the correlation data with level of evidence ratings. 

Our finding that the mean overall scores between Level I and Level II studies did not 

significantly differ was likely underpowered. The sample size calculation was difficult since 

clinicians have made arguments against calculating totals in quality scores (see discussion 

below). However, to identify a difference in quality scores of 3.5 points, we required at 

least 12 Level II studies (80% study power, alpha=0.05). The more relevant comparison 

of the abridged quality scores that reflect the level of evidence criteria suggested that we 

would require at least 22 Level II studies. Given that only 3 Level II therapy studies have 

been published over the two-year period, it may require a decade to gain this additional 

information from the JBJS-A unless the Levels of Evidence Rating System is widely 

adopted by multiple orthopaedic journals. Therefore, our findings represent the current 

best estimate of association until more studies become available for comparison. Our 

study does, however, have a sufficient number of RCTs to observe variation in the study 

reporting quality scores. Since 2005, the JBJS-A has abandoned the uses of Level I and 

II subgroups; therefore, the relevance of analysing differences between Level Ia and Ib 

studies is limited. Our study described RCTs in one journal dedicated to one surgical field. 

Although this journal’s scope is general orthopaedics, our findings are not generalisable 

to other surgical fields and journals.

Previous Literature
A previous review of published studies in The Journal of Bone and Joint Surgery 1988 

through 2000 revealed a similar proportion (3%) of randomised trials compared with our 

current study (3.4%).7 The Cochrane Bone, Joint and Muscle Trauma Group’s reporting 

quality assessment tool describes the following aspects of quality assessment which have 

previously been shown to be important in preventing bias19: allocation concealment, 

blinding, generation of allocation sequence, similarity of groups at baseline, description 

of outcomes, intention to treat analysis, and losses to follow-up. Currently, no consensus 

on the ideal checklist and scale for assessing methodological quality exists.19 The number 

and variety of quality assessment scales that exist make it unclear as to how to achieve 

the best assessment.14;16 The Levels of Evidence Rating System used by the JBJS-A can be 

qualified as one of these quality assessment scales. Summary scores (totals) should not 

be calculated, although it may be tempting to do so. The use of thresholds skews the 

direction of results and may lead to false conclusions in a meta-analyses.14 Furthermore, 
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Juni et al. discouraged the use of individual scales as absolute and objective measures of 

trial quality and noted “relevant methodological aspects should be identified, ideally a 

priori, and assessed individually”.11;14 For example, the same criteria for blind assessment 

cannot be applied to drug and surgical trials, since, in the latter group, treatments are 

usually more difficult to conceal. Ideally, scales that are used to measure the quality of 

reporting of surgical trials should be tailored to the maximal possible quality, rather than 

to a unique gold-standard quality.14 Therefore, the Cochrane Collaboration’s handbook 

advises to describe aspects of critical appraisal separately and to avoid summarizing 

results.11 Our findings confirm the variability of scores across each item of the Cochrane 

reporting quality assessment tool. 

Relevance of Our Findings
Despite the widely held belief that the Levels of Evidence Rating system categorizes 

studies by quality1;22, our study suggests that this system, while reliable8, may not be 

a valid tool for determining the quality of a study, as determined through the study 

reporting. As with any system, whether it is the Levels of Evidence Rating or the Cochrane 

reporting quality tool, the quality of study reporting is critical. The CONSORT statement 

was developed to help authors improve the reporting quality of RCTs.17 In principle, 

this standardized scheme would explicitly require reporting of all features critical to the 

validity of a RCT and would require the presentation of results in a standard manner to 

improve clarity.7 Use of the CONSORT statement is associated with improvements in the 

reporting quality of RCTs.17 However, the reporting quality of RCTs in fracture care did not 

improve following the introduction of the CONSORT statement because many author’s 

have not adopted the statement to guide their reporting.5 Our findings further identify a 

lack of incorporation of the CONSORT statement in orthopaedic trials; only four studies 

(13%) were adequately reported with CONSORT guidelines. Journal editorial boards and 

assessors must continue to enforce high quality reporting of RCTs to allow an accurate 

assessment of the level of evidence and other study reporting quality measures.

Implications for Future Research
This study was underpowered to explore the influence of reported statistical support, 

adherence to CONSORT guidelines, multi-centre studies, and sources of funding on the 

quality of reporting, direction of results, and magnitude of treatment effect size. Future 

studies are needed to explore any associations. 
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Conclusions 

Our findings suggest that readers should not assume that 1) studies labelled as Level 

I have high quality of reporting and 2) Level I studies have better reporting quality than 

Level II studies. Methodological safeguards should be addressed individually.

Competing interests

RWP is supported, in part, by Stichting Wetenschappelijk Onderzoek Orthopaedische 

Chirurgie Fellowship, Biomet Netherlands, Anna Fonds, Zimmer The Netherlands, Stryker 

The Netherlands, MSD The Netherlands, and Nederlandse Vereniging voor Orthopedische 

Traumatologie Fellowship. MB is supported, in part, by a Canada Research Chair from the 

Canadian Institutes of Health Research.

The funding bodies were not involved in study design; not in the collection, analysis, 

and interpretation of data; not in the writing of the manuscript; and not in the decision to 

submit the manuscript for publication. The other authors did not receive funding.

Authors’ contributions

RWP and MB generated the study question. RWP, MB, and PAAS participated in the 

study design. RWP, RK, INS, and PAAS abstracted the data. RWP, MB, and INS participated 

in the data analysis, interpretation, and performed the statistical analysis. RWP and MB 

drafted the first version of the manuscript.

RWP, MB, PAAS, INS, RK, and KHL participated in drafting the subsequent versions of 

the manuscript and participated in the critical review of manuscript. All authors read and 

approved the final manuscript.

References
1. Centre of Evidence Based Medicine: Levels of Evidence. www.cebm.net/levels_of_evidence.asp 2006.

2.  Cochrane Bone, Joint and Muscle Trauma Group. http://www.mrw.interscience.wiley.com/cochrane/
clabout/articles/MUSKINJ/frame.html 2006.

3.  The Cochrane Collaboration. www.cochrane.org 2006.

4. Atkins D, Eccles M, Flottorp S, Guyatt GH, Henry D, Hill S, Liberati A, O’Connell D, Oxman AD et al.
Systems for grading the quality of evidence and the strength of recommendations I: critical appraisal 
of existing approaches The GRADE Working Group. BMC.Health Serv.Res. 2004;4:38.

101



Chapter 5 

5. Bhandari M, Guyatt GH, Lochner H, Sprague S, Tornetta P, III. Application of the Consolidated Stan-
dards of Reporting Trials (CONSORT) in the Fracture Care Literature. J Bone Joint Surg Am 2002;84-
A:485-9.

6. Bhandari M, Morrow F, Kulkarni AV, Tornetta P, III. Meta-analyses in orthopaedic surgery. A systematic 
review of their methodologies. J Bone Joint Surg Am 2001;83-A:15-24.

7. Bhandari M, Richards RR, Sprague S, Schemitsch EH. The quality of reporting of randomized trials in 
the Journal of Bone and Joint Surgery from 1988 through 2000. J Bone Joint Surg Am 2002;84-A:388-
96.

8. Bhandari M, Swiontkowski MF, Einhorn TA, Tornetta P, III, Schemitsch EH, Leece P, Sprague S, Wright 
JG. Interobserver Agreement in the Application of Levels of Evidence to Scientific Papers in the Ameri-
can Volume of The Journal of Bone and Joint Surgery. J Bone Joint Surg Am 2004;86:1717-20.

9. Brand RA. Writing for Clinical Orthopaedics and Related Research. Clin.Orthop.Relat Res. 2003;1-7.

10. Devereaux PJ, Choi PT, El Dika S, Bhandari M, Montori VM, Schunemann HJ, Garg AX, Busse JW, Heels-
Ansdell D et al. An observational study found that authors of randomized controlled trials frequently 
use concealment of randomization and blinding, despite the failure to report these methods. J Clin.
Epidemiol. 2004;57:1232-6.

11. Higgins JPT, Green S, Editors. Cochrane Handbook for Systematic Reviews of Interventions 4.2.5 
[updated May 2005]. 2006.

12. International Committee of Medical Journal Editors. Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals. N Engl J Med 1997;336:309-16.

13. Jadad AR, Cook DJ, Jones A, Klassen TP, Tugwell P, Moher M, Moher D. Methodology and Reports of 
Systematic Reviews and Meta-analyses: A Comparison of Cochrane Reviews With Articles Published in 
Paper-Based Journals. JAMA 1998;280:278-80.

14. Juni P, Witschi A, Bloch R, Egger M. The hazards of scoring the quality of clinical trials for meta-analysis. 
JAMA 1999;282:1054-60.

15. Landis JR & Koch GG. The measurement of observer agreement for categorical data. Biometrics
1977;33:159-74.

16. Moher D, Jadad AR, Nichol G, Penman M, Tugwell P, Walsh S. Assessing the quality of randomized 
controlled trials: an annotated bibliography of scales and checklists. Control Clin.Trials 1995;16:62-73.

17. Moher D, Jones A, Lepage L. Use of the CONSORT statement and quality of reports of randomized 
trials: a comparative before-and-after evaluation. JAMA 2001;285:1992-5.

18. Moher D, Pham B, Jones A, Cook DJ, Jadad AR, Moher M, Tugwell P, Klassen TP. Does quality of 
reports of randomised trials affect estimates of intervention efficacy reported in meta-analyses? Lancet
1998;352:609-13.

19. Moja LP, Telaro E, D’Amico R, Moschetti I, Coe L, Liberati A, on behalf of the Metaquality Study 
Group. Assessment of methodological quality of primary studies by systematic reviews: results of the 
metaquality cross sectional study. BMJ 2005;330:1053.

20. Sackett DL, Straus SE, Richardson WS, Rosenberg W, Haynes RB. Evidence-Based Medicine. Churchill 
Livingstone, 2000.

21. Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias. Dimensions of methodological 
quality associated with estimates of treatment effects in controlled trials. JAMA 1995;273:408-12.

22. Wright JG, Swiontkowski MF, Heckman JD. Introducing Levels of Evidence to The Journal. J Bone Joint 
Surg Am 2003;85:1-3.

102



Level I Evidence Rating

5

Additional file 1

The Cochrane Bone, Joint and Muscle Trauma Group score for reporting 
of methodological quality

A. Was the assigned treatment adequately concealed prior to allocation?

2= method did not allow disclosure of assignment. 

1= small but possible chance of disclosure of assignment or unclear.

0= quasi-randomised or open list/tables.

Cochrane code: Clearly Yes = A; Not sure = B; Clearly No = C

B. Were the outcomes of participants who withdrew described and included in 

the analysis (intention to treat)?

2= withdrawals well described and accounted for in analysis.

1= withdrawals described and analysis not possible.

0= no mention, inadequate mention, or obvious differences and no adjustment.

C. Were the outcome assessors blinded to treatment status?

2= effective action taken to blind assessors.

1= small or moderate chance of unblinding of assessors.

0= not mentioned or not possible.

D. Were the treatment and control group comparable at entry?

2= good comparability of groups, or confounding adjusted for in analysis.

1= confounding small; mentioned but not adjusted for.

0= large potential for confounding, or not discussed.

E. Were the participants blind to assignment status after allocation?

2= effective action taken to blind participants.

1= small or moderate chance of unblinding of participants.

0= not possible, or not mentioned (unless double-blind), or possible but not done.

F. Were the treatment providers blind to assignment status?

2= effective action taken to blind treatment providers.

1= small or moderate chance of unblinding of treatment providers.

0= not possible, or not mentioned (unless double-blind), or possible but not done.

G. Were care programmes, other than the trial options, identical?

2= care programmes clearly identical.

1= clear but trivial differences.

0= not mentioned or clear and important differences in care programmes.

H. Were the inclusion and exclusion criteria clearly defined?

2= clearly defined.

1= inadequately defined.

0= not defined.
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I. Were the interventions clearly defined? 

2= clearly defined interventions are applied with a standardised protocol.

1= clearly defined interventions are applied but the application protocol is not 

standardised.

0= i ntervention and/or application protocol are poorly or not defined.

J. Were the outcome measures used clearly defined? (by outcome)

2= clearly defined.

1= inadequately defined.

0= not defined.

K. Were diagnostic tests used in outcome assessment clinically useful? (by 

outcome)

2= optimal.

1= adequate.

0= not defined, not adequate.

L. Was the surveillance active, and of clinically appropriate duration?

2= active surveillance and appropriate duration.

1= active surveillance, but inadequate duration.

0= surveillance not active or not defined.

A coding manual is available at the Cochrane website.
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Additional file 2
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Abstract

Background Randomization, concealment of treatment allocation, and blinding are 
all known to limit bias in clinical research. Non-surgical studies that fail to meet these 
standards have been reported to inflate the differences between treatment and controls. 
While surgical trials can rarely blind surgeons or patients, they can often blind outcome 
assessors. The aim of this systematic review was threefold: 1) to examine the reporting 
of outcome measures in orthopaedic trials, 2) to determine the feasibility of blinding in 
published orthopaedic trials and 3) to examine the association between the magnitude 
of treatment differences and methodological safeguards such as blinding. Specifically, we 
focused on an association between blinding of outcome assessment and the size of the 
reported treatment effect; in other words: does blinding of outcome assessors matter?
Methods We reviewed 32 identified RCTs published in the Journal of Bone and Joint 
Surgery (American Volume), in 2003 and 2004 for the appropriate use of outcome 
measures. These RCTs represented 3.4% (32/938) of all studies published during that 
time period. All RCTs were reviewed by two authors for: 1) the outcome measures used 
and 2) the use of a methodological safeguard: blinding. We calculated the magnitude of 
treatment effect of blinded compared to un-blinded outcome assessors.
Results The methodological validation and clinical usefulness of the clinician-based, 
patient-based, and generic outcome instruments varied. Ten of the 32 RCTs (31%) used 
a modified outcome instrument. Of these 10 trials, 4 (40%) failed to describe how the 
outcome instrument was modified. Nine (90%) of the 10 articles did not describe how 
their modified instrument was validated and retested. Sixteen (50%) of the 32 RCTs did 
not report blinding of outcome assessors where blinding would have been possible. 
Among those studies with continuous outcome measure, unblinded outcomes assessment 
was associated with significantly larger treatment effects than blinded outcomes 
assessment (standardized mean difference 0.76 versus 0.25, p=0.01). Similarly, in those 
studies with dichotomous outcomes, unblinded outcomes assessments were associated 
with significantly greater treatment effects (Odds ratio 0.13 versus 0.42, unblinded versus 
blinded, p<0.001). The ratio of odds ratios (unblinded to blinded) was 0.31 suggesting that 
unblinded outcomes assessment was associated with an exaggeration of the benefit of a 
treatment’s effectiveness in our cohort of studies.
Conclusion Reported outcomes in RCTs are often modified and rarely validated. Half of 
the RCTs did not blind outcome assessors even though blinding of outcome assessors 
would have been feasible in each case. Treatment effects may be exaggerated if outcome 
assessors are unblinded. Emphasis should be placed on detailed reporting of outcome 
measures to facilitate generalization. Outcome assessors should be blinded where possible 
to prevent bias. Our findings may not be generalized to other journals or study designs and 
therefore, need to be evaluated in future research.
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Introduction

Randomized controlled trials (RCTs) represent the highest level of evidence for a surgical 

therapy.30 Several reports have identified factors associated with bias in the conduct 

and reporting of randomized trials in the medical literature.5;8;10;11;17;23;26 These include 

concealment of randomization, and blinding of physicians, patients, outcome assessors 

and data analysts.5;8;10;11;17;23;26 If differences between treatments are modest, bias can 

distort the truth.14

Lack of blinding in medical randomized controlled trials has been associated 

with increased magnitudes of observed treatment effects.5;6;10;23;25;27 Blinding is a 

methodological safeguard and is often confused with other methodological precautions, 

such as concealment of allocation during the process of creating comparison groups.27

Allocation in a trial is concealed when investigators cannot beforehand determine the 

allocated treatment of the next patient enrolled into their study. Allocation concealment 

is necessary to prevent selection bias, whereas blinding is important to prevent detection 

bias: biased assessment of outcome.10

Unlike pharmaceutical trials, surgical trials can never blind the surgeon to the type of 

intervention. Thus, safeguards to prevent bias in surgical trials include concealment of 

allocation and blinding of patients and outcome assessors.14 Boutron et al. have reported 

that the feasibility of blinding differs between pharmaceutical and non-pharmaceutical 

trials.4

In surgical trials, reporting unbiased, clinically important differences in treatment 

effect ideally requires blinded outcomes assessment and the use of validated outcome 

instruments.3;22 Despite using the best-validated outcome instruments, measurement of 

treatment effect can still be biased if differences between treatment groups are small and 

methodological safeguards are not applied.24;25

 The correct use of outcome measures has recently been discussed in Zarins’ editorial.31

In the last decades, effort has been made to design patient-oriented outcome measures 

but these new measures have not always been appropriately validated.9;21;29

The aim of this systematic review was threefold: 1) to examine the reporting of outcome 

measures in orthopaedic trials, 2) to determine the feasibility of blinding in published 

orthopaedic trials and 3) to examine the association between the magnitude of treatment 

differences and methodological safeguards such as blinding. Specifically, we focused on 

an association between blinding of outcome assessment and the size of the reported 

treatment effect; in other words: does blinding of outcome assessors matter?

We hypothesized that outcome instruments are often modified and authors do not 

report validation of the modified outcome instrument. Furthermore, we hypothesized 

that studies reporting un-blinded outcome assessors were more likely to report larger 

treatment effects than those reporting blinded outcome assessors.
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Materials and Methods

Study design
We conducted a systematic review to describe the reporting of outcome measures 

and the conduct and feasibility of blinding in RCTs published in The Journal of Bone 

and Joint Surgery-American Volume (i.e. The Journal) in 2003 and 2004. We chose The 

Journal since it is regarded as the highest impact general orthopaedic journal. Our review 

comprised only RCTs, since they are designed to detect clinically important changes with 

limited bias and are considered to provide the highest Level of Evidence.30

Eligibility Criteria
Two authors (RWP, RK) hand searched all issues of The Journal from January 2003 through 

December 2004. Eligible studies included those reported as randomized trials of therapeutic 

interventions that involved human subjects. Searches were conducted in duplicate and any 

disagreements were resolved by consensus of three authors (RWP, RK, MB).

Study Demographic Information
The relevant data from each of the eligible studies were abstracted by one investigator 

(RWP) and rechecked for accuracy by a second investigator (PAAS). The data included 1) 

first author (surgeon; physician, not a surgeon; or epidemiologist), 2) citation of statistical 

support or methodological support by a department of clinical epidemiology, statistics, or 

public health, 3) year of publication, 4) total sample size, 5) number of centers, 6) name 

of intervention, 7) trial type: surgery, drug trial (sub-grouped: injection, oral or topical), 

postoperative management and externally applied energy (shock wave, ultrasound), 8) 

body region (upper extremity, long bones of the lower extremity, spine, hip and knee, 

foot and ankle, deep venous thrombosis (DVT), or other), 9) financial support (yes or no), 

10) direction of results (positive, if the findings of the randomized trial were significant, or

negative, if they were not significant), and 11) trial reported according to the CONSORT 

(Consolidated Standards of Reporting Trials) statement (yes or no).19

Study Aim 1: Evaluation of Outcome Reporting
Outcome measure identification

All identified RCTs were retrieved and reviewed for the types of outcome measures used 

in the study by two reviewers (RWP and PAAS) and were checked for accuracy by a third 

reviewer (RK). We categorized outcome measures as described by Boutron4 et al. in:

1. “Patient-reported outcomes” (e.g., pain disabilities), where the patient is the outcome 

assessor.

2. “Outcomes that suppose a contact between patients and outcome assessors” (e.g., 

clinical examination (blood pressure), clinical test (walking speed, stair climbing), 

ultrasound.)
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3. “Outcomes that do not suppose a contact between patients and outcome assessors”

(e.g. radiography, magnetic resonance imaging)

4. “Clinical events and therapeutic outcomes that will be determined by the interaction 

between patients and care providers” (e.g., co-interventions, hospitalization length, 

treatment failure, surgery), in which the care provider is the outcome assessor.

5. “Clinical events and therapeutic outcomes that will be assessed from data on the 

medical chart” (e.g., death linked to myocardial infarction, indication for arthroplasty 

from clinical and radiological data).

6.  “Composite outcomes” that require each outcome to be assessed separately.

Outcome instrument validation and appropriate use

We scored: 

1. Whether publications described a modification of an outcome instrument,

2. Whether authors provided a detailed description of the modification in the manuscript 

when an outcome instrument was modified,

3. Whether authors provided a detailed description of the validation process after 

modification of the outcome instrument in their publication.

Study aim 2: Quality of Reporting on the Methodological Safeguard of 
Blinding
We examined the blinding process for all included RCTs. We scored the blinding reported 

in the manuscript based on three categories:

1. Manuscript reported “clearly blinded”.

2. No reporting of blinding status. When blinding was not conducted or not reported we 

further examined whether blinding would have been possible (feasible) based upon 

the characteristics of the study. This resulted in a category: “Not blinded or blinding 

status not described, but it was possible to blind.”

3. Manuscript reported, “blinding was impossible” due to the characteristics of the 

intervention or the outcome used in the trial.

This blinding process was scored for: “treatment providers”, “patients”, “outcome 

assessors”, and “data analysts”.

Details about blinding were reported for different trial types. We sub-grouped: “Surgical 

trial”, “drug trial” (injection, oral or topical), “postoperative management”, “physical 

therapy trial”, and “externally applied energy” trial.

Study Aim 3: Effect of blinding on the reported treatment effects
We compared the magnitude of the treatment effects for studies that reported 

outcome blinding versus those that do not. We grouped “Not blinded or blinding status 
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not described, but it was possible to blind” and “blinding was impossible” into unblinded 

group.

For dichotomous outcome measures, we compared pooled odds ratios (OR) (95% 

confidence intervals) across studies with and without blinding. For continuous variables 

(outcome scales), we converted the reported mean differences across treatments to 

an effect size, or standardized mean difference, (Treatment mean value- Comparison 

Mean value/ pooled standard deviation) and compared across blinded and un-blinded 

outcomes. We used the same method to calculate the magnitude of treatment effect for 

studies that reported concealment of treatment allocation and those that did not.

Statistical analysis 
Descriptive results were presented for study demographics, evaluation of outcomes 

and details regarding blinding and trial type. Data were analyzed with SPSS statistical 

software package (version 13.0; SPSS, Chicago, Illinois).

Ensuring Accuracy of Blinding Rating
We measured agreement between reviewers for the assessment of outcome assessors 

blinding with a Kappa statistic.13 Landis and Koch suggest criteria for interpretation of 

agreement: 0 to 0.2 represents slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 

0.60 moderate agreement, and 0.61 to 0.80 substantial agreement. A value above 0.80 

is considered almost perfect agreement.13 Regardless, if two reviewers disagreed, we 

attempted to come to a consensus after carefully reading the articles a second time in 

a consensus meeting. In situations where discrepancies persisted despite a consensus 

meeting, a third reviewer was asked for an opinion on the specific item to reach final 

consensus. This method of quality assessment is commonly used in Cochrane reviews. All 

reviewers (RWP, PAAS, RK, and MB) were well trained in quality assessments. All have 

completed a Cochrane review course and all have co-authored in Cochrane systematic 

reviews of randomized trials. 

We used the chi-squared test to calculate the relationship between outcome assessor 

blinding and direction of results. We used p<0.05 to represent statistical significance. All 

tests of significance were two-tailed.

Treatment effect magnitude of the included studies
We used Review Manager ((RevMan) [Computer program]. Version 4.2 for Windows. 

Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2003) to 

calculate the magnitude of treatment effect for studies describing blinded outcome 

assessors, and studies that either did not describe blinding or where blinding was not 

possible. For continuous data we described treatment effect as the standardized mean 

difference (SMD). The SMD is the difference in means divided by standard deviation. This 

standard deviation is the pooled standard deviation of participants’ outcomes across the 
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whole trial. The SMD has the important property that its value does not depend on the 

measurement scale.(http://www.cochrane-net.org/openlearning/HTML/modA1-4.htm)

Thus, we used a SMD to convert all outcomes to a common scale, measured in units 

of standard deviations. For dichotomous data we calculated the Odds Ratios (OR) to 

describe the magnitude of the treatment effect. We calculated the OR on the premise of 

preventing bad outcome. For the SMD we used the fixed effect inverse variance model. 

For the OR we used fixed effect assumption and the Mantel-Haenszel risk ratio. Our 

aim was to describe the magnitude of treatment effect. We did not aim to compare 

data, or pool for meta-analysis; therefore, we were able to use the fixed effect model. 

Data were presented in figures with 95% confidence intervals. Ratios of odds ratios 

(ROR) were calculated as described previously.1;10;23 A ROR of less than 1.0 for outcome 

assessor blinding indicates that trials with unblinded outcomes assessments yielded larger 

(exaggerated) estimates of treatment effects than blinded outcomes assessments, when 

compared with the reference group.23 Conversely, a ROR greater than 1.0 indicates 

association with smaller treatment effects.23 The outcome measures used to calculate 

treatment effect are listed in Appendix 1. The results are presented in figure 3.

Sample Size
Our study sample size included all randomized trials published in the journal from 

January 2003 through December 2004. We required at least 50 patients per group (studies 

reporting blinded versus studies reporting unblinded outcome assessment) across the 

total eligible randomized trials to provide sufficient study power (Alpha=0.05, Beta=0.20) 

to detect large differences in treatment effects (odds ratios) between studies with blinded 

and unblinded outcome measures. All tests were two-tailed and we considered P<0.05 

the threshold for statistical significance. 

Results

Study Demographic Information
We identified 938 publications in the Journal from January 2003 through December 

2004. Of these, 32 were RCTs (3.4%). The references for the 32 RCTs are in Appendix 

2. Thirty-one (97%) of the first authors were surgeons and 1 (3%) was a physician, 

who was not a surgeon. In 5 (16%) of the randomized trials, at least one cited author 

had training in biostatistics (MPH, MSc or PhD) or was affiliated with a department of 

statistics, public health, or clinical epidemiology. The 32 randomized trials included a total 

of 3608 patients, with sample sizes ranging from 20 to 474 patients per RCT. Six (19%) 

of the studies were performed in two or more centers, 11 (34%) focused on interventions 

related to the treatment of degenerative joint disease and 7 (22%) on fractures. Five 

(16%) included problems affecting the upper extremity, six (19%), the foot and ankle, 
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and nine (28%), the knee. Four (13%) RCTs were reported according to the CONSORT 

statement19 (Table 1). 

Study aim 1: Evaluation of Outcome Reporting
Outcome measure identification

A total of 79 different outcome measures were reported 147 times in the 32 RCTs. 

The 79 outcomes were sub-grouped as follows: Of the 16 “patient-reported outcomes”

the Visual Analogue Scale (VAS) was most frequently used (12 RCTs, 38%) followed by 

Table 1. Characteristics of the Thirty-two Trials

Characteristics No. of Studies (%)

First author

Surgeon 31 (97%)

Nonsurgeon 1 (3%)

Epidemiology affiliation

Yes 3 (9%)

No 29 (91%)

Category of trial

Fracture treatment 7 (22%)

Treatment of degenerative disease 11 (34%)

Drug trial 4 (13%)

Pain management 0 (0%)

Other 10 (31%)

Region of body

Upper extremity 5 (16%)

Lower-extremity long bones 2 (6%)

Spine 2 (6%)

Hip 5 (16%)

Knee 9 (28%)

Foot and ankle 6 (19%)

Soft tissue 2 (6%)

DVT 1 (3%)

Number of centers

Single 26 (81%)

Multi 6 (19%)

Funding received

Yes 17 (53%)

No 15 (47%)

Direction of results

Positive 24 (75%)

Negative 8 (25%)

CONSORT

Yes 4 (13%)

No 28 (87%)
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the SF-36 (4 RCTs, 13%). Of the 51 “outcomes that suppose a contact between patients 

and outcome assessors” Range of Motion (ROM) was used most (9 RCTs, 28%) followed 

by other types of clinical examination (8 RCTs, 25%). Of the 8 “outcomes that do not 

suppose a contact between patients and outcome assessors”, radiographs were used in 

20 RCTs (63%). Of the 4 “clinical events and therapeutic outcomes that will be determined 

by the interaction between patients and care providers”, re-operation and the use of 

pain medication were described in two RCTs. We were not able to identify: “clinical 

events and therapeutic outcomes that will be assessed from data on the medical chart”

and “composite outcomes that require each outcome to be assessed separately”. For a 

detailed description of the outcomes see Appendix 3.

Outcome measure validation and appropriate use

Ten (31%) of the 32 RCTs used a modified outcome instrument. Of these 10 trials, 4 

(40%) failed to describe how the outcome instrument was modified. Nine (90%) of the 

10 articles did not describe how their modified instrument was validated and retested. 

The remainder of the RCTs did not describe modification.

Study aim 2: Quality of Reporting Methodological Safeguard: Blinding
The reviewers had substantial to almost perfect agreement in scoring blinding of 

treatment providers (Kappa 0.85), patients (Kappa 0.90), outcome assessors (Kappa 

0.84), and data analysts (Kappa 0.73).

Five RCTs (16%) did not blind or did not describe blinding of treatment providers, 

where blinding was possible. In 23 (72%) RCTs blinding was impossible; the majority of 

these studies were surgical trials [21 (66%)] in which blinding of the treatment provider 

was impossible. Fifteen (47%) trials did not blind or did not describe blinding of patients, 

where blinding was possible. In 11(34%) trials blinding of patients was impossible. For the 

surgical trials, in 3 trials patients were clearly blinded, in 9 trials blinding was possible but 

not reported or not done, and in 9 surgical trials it was impossible to blind patients. All 

studies could have blinded data analysts; however, 23 (72%) RCTs did not report blinding 

or did not blind the data analysts, where this would have been possible. The remaining 9 

trials (28%) blinded data analysts.

Of the 32 RCTs, 14 (44%) clearly blinded outcome assessors. Sixteen (50%) RCTs did not 

describe blinding outcome assessors, where blinding of outcome assessors was possible. 

In 2 (6%) trials, which were both surgical trials, it was impossible to blind the outcome 

assessors. Of the remaining surgical trials, 7 trials clearly blinded outcome assessors and 

12 trials did not blind outcome assessors or did not report blinding even though it was 

possible. Data regarding blinding and trial type are summarized in Table 2.
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Study Aim 3. The effect of outcome assessor blinding on the reported 
treatment effects 

 In studies with continuous outcome measures, the treatment effect was larger in 

studies with unblinded outcome assessors. The effect size (standardized mean difference) 

for three studies describing a blinded outcome assessor was 0.25 (95%CI –0.06, 0.56) 

whereas the effect size was 0.76 (95%CI 0.57, 0.96) for eight studies with an unblinded 

outcome assessor or unreported blinding (Figure 1). The p-value for the difference in 

effect magnitude was p=0.01. 

Table 2. Blinding in 32 RCTs published in The Journal 2003 and 2004

Treatment Providers Patients

Number of 
RCTs

Clearly 
blinded

Not blinded or 
not described 

but was 
possible

Impossible 
to blind

Clearly 
blinded

Not blinded or 
not described 

but was 
possible

Impossible 
to blind

Surgery 21 0 0 21 3 9 8

Drug injection 3 1 2 0 1 2 0

Drug oral 2 0 2 0 0 2 0

Drug topical 1 1 0 0 1 0 0

Subtotal drug 6 2 4 0 2 4 0

Postop management 2 1 1 0 0 1 1

Physiotherapy 1 0 0 1 0 0 1

Externally applied energy 2 1 0 1 1 1 0

All RCTs 32 4 5 23 6 15 11

Percentage of RCTs 13% 16% 72% 19% 47% 34%

SMD: Standardized Mean Difference
CI: Confidence Interval
Closer to zero: smaller treatment effect magnitude

Figure 1. The effect of outcome assessors blinding on the magnitude of treatment effect, continuous 
data
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Outcome Assessors Data Analysts

Clearly 
blinded

Not blinded or 
not described but 

was possible

Impossible 
to blind

Clearly 
blinded

Not blinded or 
not described 

but was possible

Impossible 
to blind

7 11 2 4 16 0

3 0 0 3 0 0

1 1 0 0 2 0

1 0 0 1 0 0

5 1 0 4 2 0

1 1 0 0 2 0

0 1 0 0 1 0

1 1 0 1 1 0

14 16 2 9 23 0

44% 50% 6% 28% 72% 0%

OR: Odds Ratios
CI: Confidence Interval
Closer to one: smaller treatment effect magnitude

Figure 2. The effect of outcome assessors blinding on the magnitude of treatment effect, dichotomous 
data
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In those studies reporting a dichotomous outcome measure, blinding of the outcome 

assessors (ten studies) was associated with a significantly lower reported treatment 

effect compared to the 11 studies using unblinded outcome assessments (Odds Ratio= 

0.42 [95%CI 0.33, 0.54] versus odds ratio= 0.13 [95%CI 0.09, 0.18]; p value for 

difference<0.001) (Figure 2.). This translated to relative risk reductions of 38% for blinded 

outcome assessments versus 71% for un-blinded outcome assessments (difference= 

33%). The Ratio of Odds Ratios was 0.31 (95%CI 0.20, 0.47) indicating an exaggerated 

treatment effect when outcome assessors were not blinded. Figure 3 represents a 

comparison of the ROR to other studies reporting relative odds associated with blinding 

of outcome assessment.1;10;12;18;23

The effect size (standardized mean difference) for the four studies describing 

concealment of treatment allocation was 0.44 (95%CI 0.13, 0.74) versus 0.68 (95%CI 

0.49, 0.87) for the seven studies with unconcealed treatment allocation. In those studies 

reporting a dichotomous outcome measure, allocation concealment (eight studies) was 

associated with a lower reported treatment effect (odds ratio= 0.32 [95%CI 0.23, 0.45) 

compared to the 13 studies reporting unconcealed treatment allocation (odds ratio= 0.26 

[95%CI 0.20, 0.33]). The Ratio of Odds Ratios was 0.81 (95%CI 0.53, 1.24) indicating 

that there was no significant difference for the available data. 

Our evaluation of the direction of study results, positive or negative, was underpowered. 

Of the 16 trials not reporting the blinding status or not blinding the outcome assessors, 

Figure 3. The Ratios of Odds Ratios (95% Confidence Interval) from five previous reports1;10;12;18;23 and the data 
from 32 RCTs published in The Journal 2003 and 2004 for blinded versus unblinded RCTs

Ratio of Odds Ratios (ROR): A ROR of less than 1.0 for outcome assessor blinding indicates that trials that were 
methodologically inferior (unblinded) had yielded larger (exaggerated) estimates of treatment effects compared 
with the reference group.23 Conversely, a ROR greater than 1.0 indicates association with smaller treatment 
effects.23 JBJS: The Journal of Bone and Joint Surgery, American volume.
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12 (75%) reported a positive result. Of the 14 trials reporting true blinding of the outcome 

assessors, 8 (57%) reported a positive result. The risk of reporting a positive outcome 

when outcome assessors were unblinded was 1.21 (95%CI: 0.70, 2.1). These findings 

were not significant (p=0.41). 

Discussion

Key findings 
We report that 1) only 3.4% of all publications in the Journal in 2003 and 2004 were 

RCTs, 2) previously validated outcome measures were commonly modified and not 

re-validated, 3) outcome assessors were likely to be unblinded (56%) in orthopaedic 

randomized trials, 4) blinding of outcome assessors was possible in many situations but 

not conducted (50%), and 5) studies that did not blind assessors were associated with 

significantly larger estimates of reported treatment effect (Ratio of Odds Ratios 0.31 

[95%CI 0.20, 0.47]). 

Strengths and Limitations 
Our study is strengthened by a comprehensive search in duplicate to identify all published 

RCTs in the Journal. Our findings may not be generalized to other journals or other study 

designs. The number of studies in our review was limited to those published in the eligible 

time period. Although the number of studies was small, the association between blinding 

status and treatment effect was sufficiently large to identify a significant difference. We 

were, however, underpowered to detect the association between positive study results 

and blinding. Our power analysis suggests that 216 studies (108 per arm) would be 

required to achieve 80% study power (beta value=0.20) with an alpha value=0.05.

Many factors may explain heterogeneity in the size of treatment effects in addition to 

blinding.10 In our study, allocation concealment had less influence on the magnitude of 

treatment effect than blinding of outcome assessors. However, our sample of studies was 

not large enough to reach significance. Thus, our results should be cautiously interpreted. 

Our findings do, however, raise important hypotheses to be examined in future studies.

Relevant literature review
Evaluation of Outcome Reporting

We chose not to use the terms “subjective” and “objective” outcome measures as 

Zarnis did in his recent editorial.31 In orthopaedics “hard” outcomes (clinical events, such 

as mortality, and therapeutic outcomes that will be assessed from data on the medical 

form) are seldom the key outcome of interest.4 Outcome measures, traditionally described 

as “objective” or “hard”, can even be subject to inter rater disagreement, for example in 

imaging of the scaphoid bone and physical examination of range of motion;20;22 therefore, 
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we rely on patient-reported, “subjective” outcome measures.4;22 Well-designed patient-

reported questionnaires have undergone rigorous testing and may be more objective.22

Thus, outcome objectivity is not determined by whether a clinician measures a parameter 

directly, but is rather dependent on the reliability or reproducibility of a finding, among 

patients and clinicians alike.28

Nevertheless, these so called “subjective” outcomes, now in vogue,31 present great 

opportunities for bias.25 For example Schulz and Grimes explain: “If outcome assessors who 

know of the treatment allocation believe a new intervention is better than an old one, they 

could register more generous responses to that intervention.”25 In the article by Boutron et 

al., 77% of studies utilized a patient-reported outcome and 15% of studies utilized outcomes 

that did not suppose contact with patients (radiology).4 The majority of RCTs meeting the 

eligibility criteria for our study used radiographs as an outcome measure (63%) whereas 

patient-reported outcomes were less frequently used (VAS 38%, SF36 13%). 

The study by Harvie et al. on the use of outcome scores in surgery of the shoulder, 

revealed that the overall pattern of the application of an outcome score was highly variable 

and at times inappropriate.9 In their study, only 19 RCTs were identified. Changes were 

made to outcome scores, often without proper testing of the modification and without 

justification.9 These results are comparable to our findings in the 32 RCTs we reviewed. 

Quality of Reporting on the Methodological Safeguard of Blinding

In non-pharmacological trials of hip and knee osteoarthritis, blinding was considered 

feasible less often than in pharmacological trials.4 Our study investigated the feasibility 

and reporting of blinding in a variety of orthopaedic diseases, while Boutron et al. only 

looked at hip and knee osteoarthritis.4 As a result, our study covers a wider spectrum 

of surgical procedures. If different surgical approaches are used, like in minimal invasive 

hip replacement studies, identical wound dressings can be utilized to blind patients in 

the early recovery period, the period in which differences in treatment effect are most 

likely to occur.14 If patients cannot be blinded, outcome assessors usually can be blinded, 

as shown in our study. If outcome assessors are blinded it is less likely they will bias 

their outcome assessments, especially if patient-reported (“soft” or “subjective”) outcome 

measures, such as pain, are used.14;25

Boutron et al. states that outcome assessment is blinded in case the patient is the 

outcome assessor and the patient is blinded, for example in self-reported outcome 

instruments.4 These patient-based questionnaires are often filled out in clinics with an 

outcome assessor present in or near the room. Patients frequently ask research nurses or 

trial coordinators (e.g. outcome assessors) questions about the questions in the outcome 

instrument. An unblinded outcome assessor could direct a patient in their answers to 

questions about the questionnaire. Therefore, outcome assessor blinding in orthopaedic 

research is of paramount importance. The 33% difference in treatment effect shown in 

our study further suggests that blinding is important. A future study should focus on 
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the influence of outcome assessors on patients filling out self-reported questionnaires in 

more detail. In this study, the majority of RCTs published in The Journal in 2003 and 2004 

failed to report whether outcome assessors were blinded. 

A previous study on quality of reporting of RCTs in The Journal categorized blinding 

of treatment providers, patients, outcome assessors and data analysts into three groups: 

1) clear statement of blinding, 2) clear statement of no blinding, and 3) not stated.2

This study did not describe if blinding would have been feasible, but reported that the 

majority of studies did not adequately report blinding (55%).2 Interestingly, this report 

found a similar proportion of RCTs (3%) in the total number of publications. 

Reporting guidelines in RCTs continue to evolve.15 Studies may not report blinding of 

outcome assessors where in fact blinding was done.7 The Consolidated Standards for 

Reporting Trials (CONSORT) statement provides guidelines for better reporting of RCTs.15

However, the application of the CONSORT statement in many RCTs remains low.15;16

The effect of outcome blinding on the reported treatment effects

Blinding of outcome assessors is one of the methodological safeguards to assure internal 

validity of a trial. 18;23;25 Treatment effects are known to be over- estimated in unblinded, 

non-orthopaedic (pharmaceutical or medical) studies.10;12;23 The study by Schulz23 showed 

a ROR of 0.83 (95%CI 0.71, 0.96), Kjaergard12 reported a ROR of 0.56 (95%CI 0.33, 

0.98), and Juni10 reported a ROR of 0.88 (95%CI 0.88 (0.75, 1.04). One report described 

surgical trials and found a ROR of 0.87 (95%CI 0.56, 1.36).1 Conversely, another report 

showed an underestimation of treatment effect (ROR 1.11 [95%CI 0.76, 1.63]).18 In our 

study we found strong evidence that unblinding outcome assessors exaggerates treatment 

effect (ROR 0.31 [95%CI 0.20, 0.47])(Figure 3). Previously, suggestions were made that 

unblinded outcome assessors scoring “soft” outcomes (patient-reported outcomes [e.g., 

pain, disability])4, as is often the case in orthopaedic trials, may result in biased findings.25

Our study is the first to test this theory for outcome assessment in orthopaedic RCTs. 

Relevance of Our Findings
If readers want to apply the findings of a RCT to their daily clinical work they should rely 

on the internal and external validity of the RCT. Our study showed that reports of RCTs 

had serious threats to internal validity. Blinding of outcome assessors was not reported in 

50% of the 32 RCTs. We identified significantly larger treatment effects when outcome 

assessors were not blinded. This finding should warn readers during their interpretation 

of a RCT before implementing findings in daily patient care. The question of whether a 

trial is externally valid, in other words generalizable, becomes redundant if a trial is not 

internally valid. Our study revealed a large proportion of RCTs using modified outcome 

instruments without validation.
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Our findings suggest that investigators should carefully report their outcome measures, 

use validated measures whenever possible, and attempt to blind their assessment 

whenever possible. 

Conclusion

Reported outcomes in RCTs are often modified and rarely validated. Half of the RCTs 

did not blind outcome assessors; even though blinding of outcome assessors would have 

been feasible in each case. Treatment effects may be exaggerated if outcome assessors 

are unblinded (Ratio of Odds Ratios 0.31 [95%CI 0.20, 0.47]). Our findings may not be 

generalized to other journals or study designs and therefore, need to be evaluated in future 

research. Emphasis should be placed on detailed reporting of outcome measures to facilitate 

generalization. Outcome assessors should be blinded where possible to prevent bias.
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Appendix 1. Outcomes used to calculate treatment effect magnitude

Study Target disease Type of intervention Outcome used to calculate overall 
treatment effect

1 Osteochondral defect knee Surgery Lysholm score

2 Ankle fracture Post operative 
management

Kaikkonen ankle score

3 Osteoarthritis of the knee Surgery Number of patients with anterior knee pain

4 Distal radial fractures Surgery Lidstrom score, fair and poor

5 Thoracolumbar burst fracture Surgery Oswestry Back Pian Questionnaire

6 Osteoarthritis of the knee Drug injections Treatment failures

7 Chronic heel pain Physicaltherapy Subject relevant outcome measures (overall 
not better than before treatment)

8 Neuropathic plantar ulcers Surgery Ulcer healing

9 Osteoarthritis of the hip Surgery Number of patients needing revision surgery

10 Short stature Surgery Number of patients with pin loosening

11 Osteoarthritis of the hip Surgery Harris hip score

12 Wound care after hip surgery post operative 
management

Number of patients with tape blisters

13 Femoral fracture Surgery Number of patient with non-union

14 Osteoarthritis of the knee Drug oral Bone mineral density

15 Distal radial fractures Surgery Number of patients with pain 

16 Osteoarthritis of the hip Surgery Serum cobalt levels (1/x)

17 Forearm fractures Surgery Number of patients with delaid union

18 Prevetion of deep vein thrombosis 
after TKA

Drug oral Number of patients with DVT on venogram

19 Thumb carpometacarpal 
osteoarthritis

Surgery Number of patients that would not undergo 
surgery again

20 Osteoarthritis of the knee Surgery Blanace index

21 Full thickness cartilage defects in 
the knee

Surgery Number of patients with need for re-
operation

22 Hallux valgus Surgery Number of patients that would not undergo 
surgery again

23 Lumbar disk herniation Surgery Number of patients reporting succes

24 Noninsertional achilles tendinopathy Drug topical Number of symptomatic patients

25 Chronic unilateral rupture of the 
anterior cruciate ligament

Surgery Number of patients with a grade B or C score 
on the IKDC score

26 Chronic plantar Fasciitis Shockwave Number of patients with a not completely 
succesful result

27 Osteoarthritis of the knee Surgery Hospital for Special Surgery Knee score

28 Soft tissue contractures in childeren 
with cerebral palsy

Drug injections Degrees passive dorsiflection

29 Osteoarthritis of the knee Ultrasound Bone mineral density

30 Distal radial fractures Surgery Number of patients with a complication

31 De Quervain disease Drug injections Success rate

32 Loosening of THA Surgery Harris hip score
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Continuous 
(C) data or 
dichotomous (D)

Treatment group Control group Outcome 
assessors 
Blinded 
(yes /no)

C Autologous Chondrocyte Implantarion Osteochondral Cylinder Transplantation no

C Ankle brace after ORIF Cast after ORIF yes

D Resurfacing patella in TKA Non-resurfacing patella in TKA yes

D Five pin external fixation Four pin external fixation no

C Operative treatment Conservative treatment no

D Hyaluronic acid injections Corticosteroid injections yes

D Tissue specific plantar fascia stretching 
exercise

Achilles tendon stretching no

D Achilles tendon lengthening Total contact cast no

D Robotic assisted implantation of THA Manual implantation of THA no

D Hydroxyapatipe Coating of external 
fixation pins for lengthening

Uncoated extrenal fixation pins no

C Hydroxyapatite coating of porous coated 
titanium femeral stems in THA

Porous coated titanium femeral stems 
in THA

no

D Perforated cloth tape Nonstrechable silk tape no

D Intramedullary nailing with reaming Intramedullary nailing without reaming yes

C Alendronate 10mg/day No treatment no

D Norian SRS cement in fixation Conventional fixation no

C Metal on Metal THA Ceramic on polyethylene THA No

D Point contact fixator plate Limited contact dynamic compression 
plate

No

D Fraxiparine No treatment Yes

D Ligament reconstruction with tendon 
interposition

Ligament reconstruction with out 
tendon interposition

Yes

C Cruciate retaining TKA Posterior stabilized TKA No

D Autologous Chondrocyte Implantarion Microfracture No

D Lapidus procedure Hohmann procedure Yes

D Steroid injection Discectomy No

D Topical glyceryl Trinitrate Placebo Yes

D Double-looped semitendinosus and 
gracillis graft

Bone-patellar tendon-bone graft Yes

D Electrohydrolic high energy shock wave Placebo shock wave Yes

C AP glide knee Rotating platform knee Yes

C Botulinum toxin injection and serial 
casting

Serial casting Yes

C Low intensity pulsed ultrasound Placebo no

D Kirschner wire fixation with Kapandij 
technique

Kirschner wire with Willenegger 
technique

No

D Triamcinolone injection with Nimesulide Triamcinolone injection without 
Nimesulide

Yes

C Hydroxyapatite coated sleeve revision THA Porous coated sleeve revision THA No
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Appendix 2. References to included RCTs

1. Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R. Autologous Chondrocyte Implantation and 
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tive Trial. J Bone Joint Surg Am 2003;85(2):185-92.

2. Lehtonen H, Jarvinen TLN, Honkonen S, Nyman M, Vihtonen K, Jarvinen M. Use of a Cast Compared 
with a Functional Ankle Brace After Operative Treatment of an Ankle Fracture: A Prospective, Random-
ized Study. J Bone Joint Surg Am 2003;85(2):205-11.

3. Waters TS, Bentley G. Patellar Resurfacing in Total Knee Arthroplasty: A Prospective, Randomized 
Study. J Bone Joint Surg Am 2003;85(2):212-7.

4. Werber KD, Raeder F, Brauer RB, Weiss S. External Fixation of Distal Radial Fractures: Four Compared 
with Five Pins: A Randomized Prospective Study. J Bone Joint Surg Am 2003;85(4):660-6.

5. Wood K, Buttermann G, Mehbod A, Garvey T, Jhanjee R, Sechriest V. Operative Compared with 
Nonoperative Treatment of a Thoracolumbar Burst Fracture without Neurological Deficit: A Prospec-
tive, Randomized Study. J Bone Joint Surg Am 2003;85(5):773-81.

6. Leopold SS, Redd BB, Warme WJ, Wehrle PA, Pettis PD, Shott S. Corticosteroid Compared with Hyal-
uronic Acid Injections for the Treatment of Osteoarthritis of the Knee: A Prospective, Randomized Trial. 
J Bone Joint Surg Am 2003;85(7):1197-203.

7. DiGiovanni BF, Nawoczenski DA, Lintal ME, Moore EA, Murray JC, Wilding GE et al. Tissue-Specific 
Plantar Fascia-Stretching Exercise Enhances Outcomes in Patients with Chronic Heel Pain: A Prospec-
tive, Randomized Study. J Bone Joint Surg Am 2003;85(7):1270-7.

8. Mueller MJ, Sinacore DR, Hastings MK, Strube MJ, Johnson JE. Effect of Achilles Tendon Lengthening on 
Neuropathic Plantar Ulcers*: A Randomized Clinical Trial. J Bone Joint Surg Am 2003;85(8):1436-45.

9. Honl M, Dierk O, Gauck C, Carrero V, Lampe F, Dries S et al. Comparison of Robotic-Assisted and 
Manual Implantation of a Primary Total Hip Replacement: A Prospective Study. J Bone Joint Surg Am 
2003;85(8):1470-8.

10. Caja VL, Piza G, Navarro A. Hydroxyapatite Coating of External Fixation Pins to Decrease Axial Defor-
mity During Tibial Lengthening for Short Stature. J Bone Joint Surg Am 2003;85(8):1527-31.

11. Kim YH, Kim JS, Oh SH, Kim JM. Comparison of Porous-Coated Titanium Femoral Stems with and with-
out Hydroxyapatite Coating. J Bone Joint Surg Am 2003;85(9):1682-8.

12. Koval KJ, Egol KA, Polatsch DB, Baskies MA, Homman JP, Hiebert RN. Tape Blisters Following Hip Surgery: 
A Prospective, Randomized Study of Two Types of Tape. J Bone Joint Surg Am 2003;85(10):1884-7.

13. The Canadian Orthopaedic Trauma Society. Nonunion Following Intramedullary Nailing of the Femur 
with and without Reaming. Results of a Multicenter Randomized Clinical Trial. J Bone Joint Surg Am 
2003;85(11):2093-6.

14. Wang CJ, Wang JW, Weng LH, Hsu CC, Huang CC, Chen HS. The Effect of Alendronate on Bone 
Mineral Density in the Distal Part of the Femur and Proximal Part of the Tibia After Total Knee Arthro-
plasty. J Bone Joint Surg Am 2003;85(11):2121-6.

15. Cassidy C, Jupiter JB, Cohen M, Delli-Santi M, Fennell C, Leinberry C et al. Norian SRS Cement Compared 
with Conventional Fixation in Distal Radial Fractures. A Randomized Study. J Bone Joint Surg Am 
2003;85(11):2127-37.

16. Brodner W, Bitzan P, Meisinger V, Kaider A, Gottsauner-Wolf F, Kotz R. Serum Cobalt Levels After 
Metal-on-Metal Total Hip Arthroplasty. J Bone Joint Surg Am 2003;85(11):2168-73.

17. Leung F, Chow SP. A Prospective, Randomized Trial Comparing the Limited Contact Dynamic Compression 
Plate with the Point Contact Fixator for Forearm Fractures. J Bone Joint Surg Am 2003;85(12):2343-8.

18. Wang CJ, Wang JW, Weng LH, Hsu CC, Huang CC, Yu PC. Prevention of Deep-Vein Thrombosis After 
Total Knee Arthroplasty in Asian Patients. Comparison of Low-Molecular-Weight Heparin and Indo-
methacin. J Bone Joint Surg Am 2004;86(1):136-40.

19. Kriegs-Au G, Petje G, Fojtl E, Ganger R, Zachs I. Ligament Reconstruction with or without Tendon Inter-
position to Treat Primary Thumb Carpometacarpal Osteoarthritis. A Prospective Randomized Study. J 
Bone Joint Surg Am 2004;86(2):209-18.

20. Swanik CB, Lephart SM, Rubash HE. Proprioception, Kinesthesia, and Balance After Total Knee Arthro-
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plasty with Cruciate-Retaining and Posterior Stabilized Prostheses. J Bone Joint Surg Am 2004;86(2):328-
34.

21. Knutsen G, Engebretsen L, Ludvigsen TC, Drogset JO, Grontvedt T, Solheim E et al. Autologous Chon-
drocyte Implantation Compared with Microfracture in the Knee. A Randomized Trial. J Bone Joint Surg 
Am 2004;86(3):455-64.

22. Faber FWM, Mulder PGH, Verhaar JAN. Role of First Ray Hypermobility in the Outcome of the Hohm-
ann and the Lapidus Procedure. A Prospective, Randomized Trial Involving One Hundred and One Feet. 
J Bone Joint Surg Am 2004;86(3):486-95.

23. Buttermann GR. Treatment of Lumbar Disc Herniation: Epidural Steroid Injection Compared with 
Discectomy. A Prospective, Randomized Study. J Bone Joint Surg Am 2004;86(4):670-9.

24. Paoloni JA, Appleyard RC, Nelson J, Murrell GAC. Topical Glyceryl Trinitrate Treatment of Chronic 
Noninsertional Achilles Tendinopathy. A Randomized, Double-Blind, Placebo-Controlled Trial. J Bone 
Joint Surg Am 2004;86(5):916-22.

25. Aglietti P, Giron F, Buzzi R, Biddau F, Sasso F. Anterior Cruciate Ligament Reconstruction: Bone-Patel-
lar Tendon-Bone Compared with Double Semitendinosus and Gracilis Tendon Grafts. A Prospective, 
Randomized Clinical Trial. J Bone Joint Surg Am 2004;86(10):2143-55.

26. Ogden JA, Alvarez RG, Levitt RL, Johnson JE, Marlow ME. Electrohydraulic High-Energy Shock-Wave 
Treatment for Chronic Plantar Fasciitis. J Bone Joint Surg Am 2004;86(10):2216-28.

27. Aigner C, Windhager R, Pechmann M, Rehak P, Engeleke K. The Influence of an Anterior-Posterior 
Gliding Mobile Bearing on Range of Motion After Total Knee Arthroplasty. A Prospective, Randomized, 
Double-Blinded Study. J Bone Joint Surg Am 2004;86(10):2257-62.

28. Kay RM, Rethlefsen SA, Fern-Buneo A, Wren TAL, Skaggs DL. Botulinum Toxin as an Adjunct to Serial 
Casting Treatment in Children with Cerebral Palsy. J Bone Joint Surg Am 2004;86(11):2377-84.
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Maturation of Callus in Patients Treated with Opening-Wedge High Tibial Osteotomy by Hemicallotasis. 
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nr Outcome Frequency
used

1 American Knee Society score 2
2 Ankle-hindfoot scale of the American Orthopaedic Foot and Ankle Society 1
3 Ankle-rating scale of Kaikkonen 1
4 Ashworth scale 1
5 British Orthopaedic Association Knee Function Assessment Chart 1
6 Buck-Gramcko/Lohman evaluation for total wrist function 1
7 Foot function index 1
8 Functional knee score for anterior knee pain 1
9 Geen and O’Brien 1

10 Harris Hip score 4
11 Hospital for Special Surgery knee scale 1
12 International Knee Documentation Committee knee scoring system (IKDC) 1
13 Knee Injury and Osteoarthritis Outcome Score (KOOS) 1
14 Lidstrom Wrist score 1
15 Lysholm knee function scoring scale 2
16 Mayo Clinical hip score 1
17 Merle D’Aubigne -Postel hip score 1
18 Meyers knee score 1
19 Modification of Martini score 1
20 Modified L’Insalata shoulder rating system 1
21 New developed wrist daily activity questionnaire 1
22 New simple clinical anterior knee pain rating 1
23 Olerud Molander Ankle score (OMA) 1
24 Owestry Disability Index 2
25 Pain diagram spine self-assessment questionnaire 1
26 Pain score, exercise 1
27 Patient satisfaction score 1
28 Roland-Morris Disability Questionnaire 1
29 SF-36 4
30 Tegner activity level rating scale 2
31 The gross motor function measure 1
32 UCLA activity system 1
33 VAS pain 12
34 Western Ontario and McMaster Universities OA index (WOMAC) 1
35 Adverse events reported by the patient or observed by the investigator 1
36 Arthroscopy with biopsy for histological evaluation 2
37 Balance 1
38 Bone mineral density 2
39 Clinical examination 6
40 Complications 8
41 Computerized gait analysis 1
42 CT 1
43 Edema 1
44 First tarsometatarsal joint mobility test 1
45 Grip strength was measured with a dynamometer 2
46 Isokinetic dynamometer 1
47 Jebsen performance test 1
48 KT-1000 side-to-side laxity measurements 1
49 Leg length 1
50 Limp 1
51 Malunion 1

Appendix 3. All identified outcome measures
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1. Patient-reported 
outcomes

2. Outcomes that 
suppose a contact 
between patients and 
outcome assessors

3. Outcomes that do 
not suppose a contact 
between patients and 
outcome assessors

4. Clinical events and 
therapeutic outcomes that 
will be determined by 
the interaction between 
patients and care providers 
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52 Monofilament sensory testing 1
53 Muscle atrophy 1
54 Muscle strength recovery 1
55 Neurological examination 1
56 Nonunion 2
57 Operating time 3
58 Orthopaedic Research Institute-Ankle Strength Testing System 1
59 Pain medication 2
60 Peak plantar pressures on the forefoot 1
61 Pin extraction torque 1
62 Presence or absence of blisters 1
63 Pressure sensor (dolorimeter) 1
64 Proprioception 1
65 Radiographs 20
66 Recurrence of disease 1
67 Re-operation 2
68 Return to sports activities 1
69 Range Of Motion (ROM) 9
70 Serum cobalt concentration 1
71 Serum levels of calcium, phosphate, and alkaline phosphatase and the urinary level of 

deoxypyridinoline
1

72 Spasticity measurements 1
73 Strength measurements 1
74 Swelling 1
75 The International Cartilage Repair Society (ICRS) form 1
76 The severity of pain after the single-leg stationary ten-hop test as rated verbally by the patient 

on a scale of 0 to 10 
1

77 Ulcer-healing 1
78 Ultrasound 1
79 Venography 1

Total 147

nr Outcome Frequency
used

Appendix 3. (continued)
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16 51 8 4

1. Patient-reported 
outcomes

2. Outcomes that 
suppose a contact 
between patients and 
outcome assessors

3. Outcomes that do 
not suppose a contact 
between patients and 
outcome assessors

4. Clinical events and 
therapeutic outcomes that 
will be determined by the 
interaction between patients 
and care providers 
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Abstract

Background Systematic reviews published on the same topic during a similar period of 

time (i.e. overlapping reviews) on anterior cruciate ligament reconstruction complicate the 

choice between bone-patellar-tendon-bone or hamstring tendon autograft. We aimed to 

evaluate reasons for differences among the overlapping systematic reviews and assess 

the quality of reporting and internal validity.

Methods We identified systematic reviews comparing bone-patellar-tendon-bone versus 

hamstring tendon autograft in ACL reconstruction published in a MEDLINE, Cochrane 

Database, and EMBASE search. We evaluated cross citation among the overlapping 

reviews and the authors’ rationale for repeating the review. The quality of reporting was 

assessed with the Reporting of Meta-analyses (QUOROM) statement and the internal 

validity was assessed with the Oxman and Guyatt index for methodological quality by 

at least two assessors. Assessor agreement was evaluated with intraclass correlation 

coefficients (ICC). We evaluated sensitivity analysis performed in the reviews. 

Results We identified 11 overlapping systematic reviews. Three favoured the patellar 

tendon graft for stability and one recommended the hamstring graft. Six reviews favoured 

hamstring graft to prevent anterior knee pain, and the remainder were inconclusive. 

Only six reviews cited previously published same topic systematic reviews, and only two 

of these cited all available systematic reviews possible at that time. The quality of their 

reporting ranged from 5 to 18 (median 12, maximum score=18). The internal validity 

varied from 1 to 7 (median 2, maximum score=7). Reviewers reached almost perfect 

agreement (ICC= 0.83 and 0.93). Formal sensitivity analysis was utilized infrequently. The 

highest quality review favored hamstring grafts to prevent anterior knee pain and showed 

limited evidence that bone-patellar tendon-bone grafts yielded better stability.

Conclusion Systematic reviews on anterior cruciate ligament reconstruction comparing 

hamstring versus bone-patellar tendon-bone autograft showed variability in the quality 

of reporting and internal validity. When confronted with overlapping or discordant 

systematic reviews each review needs to be appraised on its methodological quality 

before they can guide in clinical decision-making or policy making. The currently available 

best evidence derived from a methodologically sound meta-analysis, suggests superiority 

of hamstring tendon autografts in preventing anterior knee pain and limited evidence 

that bone-patellar tendon-bone autografts provide better stability. 
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Introduction

Systematic reviews using meta-analytic methods provide a valid means of summarizing 

results of studies to help clinicians in informed clinical decision-making.3;14;27 The levels 

of evidence used in several orthopaedic journals rank meta-analysis of high quality 

randomized controlled trials (RCTs) as the highest available evidence.25;34 Systematic 

reviews differ from traditional reviews by asking focused clinical questions, conducting 

comprehensive literature searches, assessing the quality of the included studies and 

by conducting searches and data abstraction in duplicate. Meta-analysis is simply the 

statistical combination of the results across studies. Recently, multiple reviews focusing 

on the same topic have led to conflicting conclusions in the medical literature.8;18;20 These 

discordances complicate decision-making by surgeons, patients, and policy-makers.20

Differences in systematic reviews may, in part, be related to the quality of systematic 

review itself.29 The Quality of Reporting of Meta-analysis (QUOROM) statement was 

introduced in the late nineteen-nineties to improve the reporting of meta-analysis of 

RCTs.22 This statement was developed in analogy of the Consolidated Standards of 

Reporting Trials (CONSORT) statement, currently adopted by many orthopaedic journals.23

The aim of the QUOROM checklist was to improve quality of reporting but not to avoid 

duplicated systematic reviews. A checklist to evaluate systematic reviews’ internal validity 

(i.e. methodological quality) was described and validated by Oxman and Guyatt.24 This 

index was designed to rate the scientific quality of research overviews and has been used 

in published evaluations of systematic reviews.3;8;20;24

Differences in systematic reviews may also be related to the inclusion of different 

randomized trials. One poignant illustration comes from the literature evaluating optimal 

anterior cruciate ligament surgery. Numerous RCTs comparing hamstring tendon (HT) 

with bone-patellar tendon-bone (BPTB) autograft for anterior cruciate ligament (ACL) 

reconstruction have been published over the past decade. Several systematic reviews 

(and meta-analyses) have been published on this topic and have differed in their design 

and results. Such conflicting reviews have led to uncertainty among clinicians about the 

optimal operative approach in anterior cruciate ligament repair. 

The aim of our review was to appraise the methodological quality and the quality of 

reporting of systematic reviews on ACL reconstruction and to compare the quality of 

reporting to the direction of the conclusions of the systematic review. We further aimed 

to explore the reasons for differences among the overlapping systematic reviews and 

propose a guide to help in clinical decision making when confronted with overlapping 

discrepant systematic review.20
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Materials and Methods

Literature search 
We searched MEDLINE with OVID and PubMed (basic search, related articles, and 

clinical queries search), EMBASE, and the Cochrane Data Base of Systematic Reviews 

(CDSR) for relevant articles.12;15;30 The search terms are available in Appendix 1. We limited 

our search to the English language. The last literature search was performed on the third 

week of May 2006. Searches were performed by two of the authors independently.

Selection of Systematic Reviews
Inclusion criteria: Studies were included if they used the term systematic review or 

meta-analysis in the title or abstract. The included reviews had to include comparison 

between bone-patellar tendon-bone autografts and hamstring autografts. There was no 

restriction in publication date.

Exclusion criteria: Narrative reviews, reviews as part of a case report, editorials, or a study 

not primarily focusing on data synthesis were excluded. A narrative review usually focuses 

on a broader topic without a specific clinical question. Narrative reviews are typically book 

chapters that cover a variety of broad topics, for example “ACL reconstruction,” and not 

a specified question such as “what is the relative effect of hamstring tendon autograft 

or bone-patellar tendon-bone autograft on knee pain?” As well, narrative reviews do 

not include comprehensive and reproducible literature searches, assessments of study 

quality and statistical pooling of data. Reviews published in Non-English journals were 

not included.

Author rationale for repeating the systematic review
In the eligible systematic reviews, we searched for references to previously conducted 

systematic reviews on the same-topic, or so called “overlapping” systematic reviews. We 

investigated whether the published review could have cited the previous report based on 

its acceptation for publication date or publication date and reported date of last literature 

search or date of youngest citation in the references. In case of citation of previously 

reported systematic reviews or meta-analysis we abstracted the authors’ rationale for 

repeating the review.  

Comprehensiveness of Reporting of Systematic Reviews 
To asses the comprehensiveness, or quality, of reporting of the included systematic 

reviews we used the Reporting of Meta-analyses (QUOROM) statement for reporting 

of systematic reviews.8;22 Detailed information can be found at the QUOROM website 

(http://www.consort-statement.org/QUOROM.pdf ). Although designed to guide authors 

in preparing their manuscript, this checklist has been used in other published reports to 

describe quality of reporting.8;29
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Internal Validity (Methodological Quality) of Systematic Reviews
The Oxman and Guyatt index, also known as the Overview Quality Assessment 

Questionnaire (OQAQ), is a well validated tool designed to evaluate the internal validity of 

a review (i.e. the extent to which bias is limited in the review). Furthermore the OQAQ has 

been used in other reports describing methodological quality of systematic reviews.3;8;20;29

The scoring scheme is provided in Appendix 2.

Direction of the systematic reviews’ conclusion
We abstracted the conclusions from the manuscript as quotations and categorized 

them in three groups: 1) favours bone-patellar tendon-bone graft, 2) favours hamstring 

tendon graft, and 3) inconclusive. Furthermore, we compared the conclusions abstracted 

from the reviews with the OQAQ and QUOROM results.

Heterogeneity across Primary Studies
Heterogeneity is an apparent difference in the treatment effect across the studies. 

Heterogeneity may exist when the study populations, interventions, outcomes, or study 

methodologies differ significantly across the studies being statistically combined. We 

analyzed methods used in the reviews to examine differences in the results of the primary 

studies and specifically looked at differences in primary study quality, primary study’s 

participants (patients) and graft fixation techniques used. The so-called “sensitivity 

analysis” is “any test of the stability of the conclusions of a healthcare evaluation over 

a range of probability estimates, value judgments, and assumptions about the structure 

of the decisions to be made”.5;14 We explored whether the reviews evaluated possible 

sources of heterogeneity across studies and formally performed a sensitivity analysis. These 

sources included the following: surgical expertise and or learning curve, the population 

of patients (i.e. level of activity; high demand athletes or weekend warriors and different 

age or gender groups), additional injuries (i.e. meniscus), timing of reconstruction (acute 

or after a conservative period) differences in surgical techniques used other than the 

technique under investigation (i.e. different graft fixation techniques, pre-tensioning, or 

differences in one treatment group; two or four strand hamstrings), and rehabilitation 

protocols (i.e. full weight baring, brace immobilization).

Reproducibility of validity assessment and data abstraction
All included manuscripts were independently assessed on methodological reporting by 

three assessors (JAKA, HJC, RWP). One assessor was well trained in quality assessments, 

had completed a Cochrane review course, and had co-authored a Cochrane systematic 

review of RCTs and other systematic reviews. Regardless, if two assessors disagreed, 

consensus was achieved after careful review in a consensus meeting. In situations 

where discrepancies persisted despite a consensus meeting, a fourth assessor (MB), an 

epidemiologist, provided an additional opinion to reach final consensus. This method of 
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quality assessment, with a final consensus meeting has been commonly used in Cochrane 

reviews.17

Analysis of the included reviews using the Jadad decision algorithm20

We used the guide to interpreting discordant systematic reviews as proposed by 

Jadad and colleagues to evaluate our sample of 11 overlapping systematic reviews20 The 

decision algorithm is provided in Figure 1. This algorithm helps readers of systematic 

reviews to evaluate possible sources of discordance among reviews. These include: 1) the 

clinical question (population of patients, interventions, outcome measures and setting), 2) 

primary study selection and inclusion (selection criteria, application of selection criteria, 

strategies to search the literature), 3) data extraction from the primary studies (methods 

to measure outcomes, end points, human error [random or systematic]), 4) assessment of 

primary study quality (methods to assess quality, interpretations of quality assessments, 

methods to incorporate quality assessments in review), 5) assessment of the ability 

to combine primary studies (statistical methods, clinical criteria to judge the ability to 

combine studies), and 6) statistical methods for data synthesis.

Statistical analysis
Our primary analyses were descriptive. We used proportions to describe categorical 

variables and medians to describe continuous variables. We used intraclass correlation 

Figure 1. Jadad decision algorithm for interpretation of discordant reviews20
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7coefficients (ICC) described as to measure the level of agreement among the reviewers.4;33

Landis and Koch suggest criteria for interpretation of agreement: 0 to 0.2 represents 

slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, and 

0.61 to 0.80 substantial agreement. A value above 0.80 is considered almost perfect 

agreement.21 All analyses were conducted using SPSS 14.0 (SPSS Inc, Chicago, IL).

Results

Eligible Systematic Reviews
We identified 21 systematic reviews in our initial search using MEDLINE (OVID and 

PubMed), CCTR, and EMBASE. In addition two more systematic reviews were identified 

by a “related articles search” in PubMed. Ten articles were eliminated due to duplication 

or titles that were not relevant to our study (Figure 2). Furthermore, two more articles 

were removed from our study; one because it was not published in English and the other 

because it was not a formal systematic review, leaving 11 systematic reviews that fulfilled 

our inclusion and exclusion criteria (Figure 2).7;9-11;13;16;26;28;31;32;35

 Author rationale for repeating the systematic review
Of the 9 systematic reviews with a sufficiently recent publication date and literature 

search date, only six reported previously published same topic systematic reviews. Of theses 

six reviews, two cited all available systematic reviews available at that time (Table 1). 

Figure 2. Flow chart of literature search and final included studies
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Table 1. Systematic reviews citing previously published systematic reviews and rationale for repeating systematic 
review.

Systematic review Date of 
Publication

Date of last 
literature 

search
(dd/mm/yy)

Number 
Systematic 

Reviews 
Possible to Cite

Number 
Systematic 

Reviews Cited

Cited Systematic reviews

Biau et al7 2006 14-3-2005 5 2 Yunes 200135, Forster 200510

Dauty et al9 2005 ??/12/02 1 0 n/a

Forster et al10 2005 ??/03/04 3 2 Yunes 200135, Freedman 200311

Freedman et al11 2003 ??/05/00 0 n/a n/a

Goldblat et al13 2005 ??/04/03 2 2 Yunes 200135, Freedman 200311

Herrington et al16 2004 ??/01/03 2 0 n/a

Prodromos et al26 2005 ??/??/05 5 2 Yunes 200135, Freedman 200311

Schultz et al28 2002 Not mentioned 1 0 n/a

Spindler et al31 2004 31-12-2003 3 2 Yunes 200135, Freedman 200311

Thompson et al32 2005 16-5-2001 1 1 Yunes 200135

Yunes et al35 2001 ??/05/97 0 n/a n/a

m.a.: meta-analysis; n/a: not applicable;SR: systematic review 

Table 2. Different outcomes of interest of overlapping reviews

Systematic Review

Biau et 

al7
Dauty 

et al9
Forster 

et al10

Freedman 

et al11

Goldblat 

et al13

Herrington 

et al16

Prodromos 

et al26

Schultz 

et al28

Spindler 

et al31

Thompson 

et al32

Yunes 

et al35

Patient orientated outcome

Return to sports - - + + + + - + + + +

Patient satisfaction - - - + +(1) - - - + + -

Validated outcome instrument - - + - + + - + + + -

Stability

Pivot shift + - + + + + - - + + +

Lachmann test + - + - + - - - - + +

Instrumented laxity testing + - + + + + + + + - +

Muscle strength (Isokenetic) - + + - - + - + + - -

Range of motion + - + + + + - + + + +

Adverse events

Graft ruptures or failure + - + + + + - - + - +

Anterior knee pain + - + + + + - + + + -

Pain at kneeling + - - - + + - + + + -

Other complications - - + + + + - - + + +

1: Not separately evaluated, but discussed as a part of a validated outcome instrument
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7The rationale for repeating the systematic review was provided by six reviews, while one 

did not provide a rationale despite citing a previous overlapping review. The 11 eligible 

reviews aimed to compare hamstring graft versus bone patellar tendon bone graft ACL 

reconstructions. However, reviews focused on several outcomes (Table 2).

Literature search and databases used 
Table 3 gives details about the included reviews and the respective databases they 

searched. One review7 searched five databases, one review16 searched four databases, 

two9;10 reviews searched three databases, and the remaining seven reviews searched only 

one database. The MEDLINE database was searched in all reviews, CDSR was searched 

in three reviews, and both EMBASE and CINAHL were searched in one review each. 

Other electronic databases not already mentioned were searched in three reviews and 

were comprised of the following databases: WebSPIRS, Science Citation Index, Current 

Contents database7; Pascal, Herasmus9; and INFOTRAC16.

Inclusion of newer studies is dependant on the last date the literature search was 

performed and the type of eligible primary studies (Table 1). The total number of primary 

studies used in the 11 eligible systematic reviews was 79. The number of included primary 

studies in each review ranged from two32 to 3526 with a median of nine studies cited. 

Seven reviews used only RCTs as primary trials. Four reviews included both RCTs and case 

series (Table 3).9;11;26;28 The 79 cited primary studies and the 11 reviews are presented in 

a cross table in Appendix 5 and shows the overlap in primary studies included. 

Rationale for repeating  Systematic Review abstracted from manuscript

New studies: “Two meta-analysis, one of four and one of six randomized ore quasi- RCTs, could not clarify the results of most 
outcomes”

Other outcome measure: “Isokenetic knee strength”

In a previous SR35 “The hamstrings group included both two- and four-strand grafts”. “The most recently published m.a.11 included 
all studies of ACL reconstructions. This included many retrospective case series”. 

n/a

“Since a previous m.a.35 surgical techniques, rehabilitation protocols, and methods of fixation have evolved. Additional studies are 
now available to allow significant expansion of the data”. “The relaxed inclusion (from Freedman11) criteria resulted in comparing 
outcomes from studies that were not controlled, or necessarily comparable.”

No mentioning of previous SR

Focused on “EndoButon femoral fixation” and “four strand hamstrings while others included two strand grafts”.

No mentioning of previous SR

“Since 2000, 8 additional RCTs have been published”

No rationale for repeating.

n/a
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Systematic review results
Three of the reviews favoured the patellar tendon graft for stability and one recommended 

the hamstring graft. Six reviews favoured the hamstring graft for anterior knee pain and 

none favoured the patellar tendon graft. Three articles favoured the hamstring graft for 

range of motion in flexion and extension, and two articles favoured the hamstring graft 

for flexion but the patellar tendon graft for extension. Appendix 6 provides details about 

the direction of conclusions and commonly used outcome measures.

Table 3. Included systematic reviews and the databases used in their literature searches 

Author Date of 
Publication

Medline Embase CCTR CINAHL Other Number 
of primary 

studies

Primary studies 
only RCTs

Biau et al7 2006 + - + - + 19 +

Dauty et al9 2005 + - - - + 9 -

Forster et al10 2005 + + + - - 6 +

Freedman et al11 2003 + - - - - 29 -

Goldblat et al13 2005 + - - - - 11 +

Herrington et al16 2004 + - + + + 13 +

Prodromos et al26 2005 + - - - - 35 -

Schultz et al28 2002 + - - - - 7 -

Spindler et al31 2004 + - - - - 9 +

Thompson et al32 2005 + - - - - 2 +

Yunes et al35 2001 + - - - - 4 +

Table 4. Pooling of data from primary studies, QUOROM and Oxman and Guyatt scores

Systematic 
review

Date of 
Publication

Data 
Pooling

Heterogeneity 
analysis

Stability 
OR

Stability 
RR

Number 
of primary 

studies

Primary 
studies 

only RCTs

Total 
QUOROM 

Score

Total 
Oxman 

and 
Guyatt 
Score

Biau et al7 2006 + + - + 19 + 18 7

Dauty et al9 2005 - + - - 9 - 10 6

Forster et al10 2005 + + + - 6 + 13 3

Freedman et al11 2003 + + - - 29 - 14 2

Goldblat et al13 2005 + + - + 11 + 16 2

Herrington et al16 2004 -(1) - - - 13 + 12 2

Prodromos et al26 2005 +(2) - - - 35 - 11 1

Schultz et al28 2002 - - - - 7 - 5 1

Spindler et al31 2004 - - - - 9 + 10 2

Thompson et al32 2005 + - - + 2 + 9 2

Yunes et al35 2001 + + - + 4 + 13 3

1: Herrington et al16 used “vote counting”
2: Prodromos et al26 “The number of patients for any single center, but not multicenter, study was capped at 100 to avoid 
disproportionate influence of any given study”

144



Overlapping Systematic Reviews on ACL Reconstruction

7

Compliance with the QUOROM statement: Quality of reporting 
(assessor agreement and results)

Agreement was almost perfect (ICC= 0.94 [95%CI 0.88 to 0.98]) among the three 

assessors for the QUOROM checklist. QUOROM scores ranged from a high scores of 18 

to a low of 5, with a median score of 12 (Table 4). Detailed information on each separate 

item is provided in Appendix 3. 

Internal Validity: Oxman and Guyatt Index 
(assessor agreement and results)

Agreement was almost perfect among the three assessors for the Oxman and Guyatt 

index (ICC= 0.83 [95%CI 0.65 to 0.95]). Oxman and Guyatt scores ranged from 1 to 7 

(maximum=7 ) with a median score of 2 (Table 4). Seven reviews were found to have 

“major flaws” (scores 1-2) as defined by the index. Detailed results of the Oxman and 

Guyatt Index are presented in Appendix 4.

Assessment for Sources of Between Primary Study Differences 
(Heterogeneity)

Sources for study heterogeneity were assessed in six systematic reviews (Tables 4 & 

5). Subgroup- or sensitivity analysis was formally performed in only three7;11;13 (Table 5). 

However, most reviews did discuss possible sources of differences between primary studies. 

Table 5. Heterogeneity or Subgroup Analysis of Primary Studies.

Systematic Review

Biau 

et al7
Dauty 

et al9
Forster 

et al10

Freedman 

et al11

Goldblat 

et al13

Herrington 

et al16

Prodromos 

et al26

Schultz 

et al28

Spindler 

et al31

Thompson 

et al32

Yunes 

et al35

Analyzed + + + + + - - - - - +

Statistical Heterogeneity analysis + - + + + - - - - - +

Subgroup or sensitivity analysis:

Primary study quality + O - - - O - - O - O

Surgical expertise or learning curve O O - - - - O - - - O

Types of participants (activity level) O O - O - - - - O - O

Types of participants (gender) O - O + O - - O - - O

Types of participants (age) O O O O O - - - - - O

Additional injury (i.e. meniscus) - O - + O O - - O - -

Acute versus chronic ACL rupture - O O - O O - - - - -

Pre tensioning O - - - - - - - - - -

Type of graft fixation O O O + + O O O O - O

Two or Fours Strand Hamstring + O O O O(1) - O(1) - O - O

Rehabilitation protocol O O O O O(2) O O - O O(2) O

+: Formal sensitivity or subgroup analysis performed
-: Not performed
O: Descriptive data provided or discussed, but no analysis performed
1: Only 3 or 4 strands grafts studies included
2: Only studies with identical rehabilitation protocols were compared 
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Table 6. Results of the Jadad algorithm

Jadad Steps Results

Step-A: Did the reviews ask the 

same question?

Populations of patients: All reviews focused on adults 

with a torn ACL needing surgical 

reconstruction.

Interventions: All reviews examined comparisons 

between hamstring tendon 

autografts and bone-patellar 

tendon-bone autografts.

Outcome measures : One review9 primarily focused 

on  isokenetic muscle strength. 

A form of stability testing (pivot 

shift, Lachmann test, and / or 

instrumented laxity testing) was the 

outcome of interest in ten reviews. 

Results of a validated outcome 

instrument were the focus of six 

reviews. Adverse events were 

evaluated in nine reviews.

Step-B: Select the question closet to 

the problem to be solved.

Table 2 guides the reader in the outcome of the 

reader’s interest.

Step-C: Same primary studies? Although there was overlap in the included studies 

the reviews included different primary studies 

(Appendix 5).

Step-D: Same quality? And Step-F: 

Select review with the highest 

quality.

Readers interested in isokenetic muscle strengths 

can be guide by Dauty’s9 review with good internal 

validity (Oxman and Guyatt score 6) but average 

quality of reporting (QUOROM score 10). Readers 

interested in stability and adverse events can be 

guided by Biau’s7 review (Oxman and Guyatt score 

7 and QUOROM score 18). The remainder of the 

reviews has limited value in clinical decision making 

due to their poor internal validity (table 3).

Step-E: Assess and compare data 

extraction, heterogeneity testing, 

and data synthesis

This step became redundant due to the possibility 

to select two reviews with good internal validity. 
7;9 However, table 5 provides detailed information 

heterogeneity testing and table 3 on data 

synthesis.

Step-G & H: Assess and compare 

search strategies and application of 

selection criteria

Table 4 shows the different databases searched by 

the overlapping systematic reviews. Oxman and 

Guyatt index item 5 and 6 assess the utilization of 

the selection criteria (Appendix 4).

Table 1 shows the last date the literature search was 

performed explaining why younger reviews included 

older primary studies.

Step-I: Assess and compare primary 

studies

Three reviews included both RCTs and case series, 

the remaining eight included RCTs only.

 details on outcome measures: please see table 2. 
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Differences in rehabilitation protocols were discussed in ten, type of hamstring graft (two or 

four strand) in eight and type of graft fixation in ten. Type of participant, athlete or not, was 

discussed but not formally analyzed in five systematic reviews (Table 5).

Analysis of the included reviews using the Jadad decision algorithm20

Table 6 provides details on the results on each step of the Jadad algorithm. Step C and 

step D strongly differentiated between the overlapping reviews of our interest. Using the 

Jadad algorithm it was possible to select two high quality reviews7;9 in four steps.

Discussion

Key findings
In a review of 11 systematic reviews published on the same topic of anterior cruciate 

ligament repair with either hamstring or bone-patellar-bone tendon grafts, we report 

the following: 1) New “overlapping” systematic reviews were conducted without citing 

previously published same-topic reviews, 2) Quality of reporting varied among 11 

overlapping systematic reviews as reflected in a QUOROM score , 3) Using our proposed 

algorithm, we were able to identify two valuable, high quality reviews that can help 

clinicians in decision making, and 4) Sensitivity analysis to identify variables influencing 

the results were used infrequently. 

Previous literature and guide to evaluate overlapping systematic reviews
Our findings suggested that the majority of systematic reviews had methodological flaws. 

Bhandari and colleagues found similar limitations in the scientific quality of orthopaedic 

meta-analysis utilizing the same validated Oxman and Guyatt index.3 Our study of 11 

overlapping non-pharmaceutical reviews concurred with the previous report that showed 

poor quality mainly among non-pharmaceutical studies. However, our review did illustrate 

the possibility of selecting a high quality review from a set of same-topic reviews. 

Jadad et al. suggested a systematic approach when confronted with discordant 

systematic reviews.20 More recently a “Users Guide” to evaluate systematic reviews has 

been published focusing on surgical therapies2;6 These guides are based on the validated 

Oxman and Guyatt Index.24 Sources of discordance among meta-analysis described by 

Jadad20 are 1) the clinical question, 2) primary study selection and inclusion, 3) data 

extraction from the primary studies, 4) assessment of primary study quality, 5) assessment 

of the ability to combine primary studies, and 6) statistical methods for data synthesis. 

Our findings suggest that the included reviews differed mainly on their internal 

validity, identifying nine reviews as unsuitable tools to help in clinical decision-making. An 

algorithm, proposed by Jadad, aims to guide readers through the evaluation of discordant 

systematic reviews (Figure 1).20 The key issues are whether or not the reviews ask the 
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same questions and used the same primary studies, and most importantly if the reviews 

have the same quality. In our sample of overlapping reviews the quality was based on the 

quality of reporting (QUOROM) and the internal validity (Oxman and Guyatt Index) of 

the systematic reviews. Only one review met all criteria of the Oxman and Guyatt Index.7

The results of our evaluation utilizing the Jadad algorithm20 illustrate how poor quality 

reviews were eliminated. Using the algorithm we found the following: 

Step A focuses on the study question of the review. This question comprises of three 

components: 1) The study population: adult patients with a torn ACL needing reconstruction, 

2) The intervention under examination: ACL reconstruction with bone-patellar tendon-

bone autograft versus hamstring tendon autograft, and 3) Outcome measures used. Here 

the reviews differed: One review9 primarily focused on isokenetic muscle strength. A 

form of stability testing (pivot shift, Lachmann test, and / or instrumented laxity testing) 

was the outcome of interest in ten reviews. Results of a validated outcome instrument 

were the focus of six reviews. Adverse events were evaluated in nine reviews. Details on 

outcome measures used can be found in Table 2.

Step B will now select the review with the most appropriate question to provide you 

with information to help in your clinical decision making.

Step C evaluates if the reviews used the same primary studies in their analysis. Although 

there was overlap in the included studies the reviews included different primary studies. 

Detailed information on the included studies is provided in Appendix 5.

Step D The differences in review quality were evaluated with the Oxman and Guyatt 

Index and the QUOROM statement. Readers interested in isokenetic muscle strengths 

can be guide by Dauty’s9 review with good internal validity (Oxman and Guyatt score 

6) but average quality of reporting (QUOROM score 10). Readers interested in stability 

and adverse events can be guided by Biau’s7 review (Oxman and Guyatt score 7 and 

QUOROM score 18). The remainder of the reviews has limited value in clinical decision 

making due to their poor internal validity (table 3). Details on quality evaluation can be 

found in Appendix 3 and 4.

Only two reviews were methodological sound7;9 but could not answer clinically relevant 

questions regarding patient return to sports and patient satisfaction-- using a validated 

patient orientated outcome instrument--, thus illustrating the limitations in the current best-

evidence. On the other hand, these two high quality reviews show that they are valuable, 

if properly conducted, to help busy clinicians in providing the evidence based bottom-line 

suggesting superiority of hamstring tendon autografts in preventing anterior knee pain 

and limited evidence that bone-patellar tendon-bone autografts provide better stability.

The lack of heterogeneity assessment and the rationale for the decision to combine, 

or not, eligible primary studies was another major limitation. Despite the abundance of 

possible confounders-- such as primary study quality, surgical expertise, participants’ 

activity level, additional injuries, etc.)--formal sensitivity analysis was not performed in the 

majority of systematic reviews (Table 5). 
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Strength and limitations
Our review is strengthened by a literature search in duplicate and study quality 

assessments in triplicate with good inter assessor agreement. Regardless, agreement 

was reached after consensus. Furthermore, a previously validated and published quality 

assessment tool was utilized.3;20;24;29

Our study has a few important limitations. Firstly, although validated, the rating 

systems used in our review were originally utilized in the evaluation of non-surgical 

systematic reviews. The appropriateness of pooling data from the primary studies needs 

to be performed with caution. Clinical expertise and detailed knowledge about surgical 

technique will help reviewers in their decision whether to pool these results or not. 

Without interviewing the systematic review’s authors, inferences on clinical expertise 

cannot be made. Specifically focussed questions on clinical expertise and surgical skills 

in the systematic review evaluating instruments are lacking to date. In general, the 

decision to combine study results is based upon a similarity of populations, interventions, 

outcomes and study methodologies across primary studies. Statistically, widely overlapping 

confidence intervals and similar point estimates of treatment effect are additional criteria 

for pooling. The decision to pool primary studies in meta-analysis of surgery can be 

difficult, as surgical techniques and differential surgical expertise might differ. This stands 

in contrast to pharmaceutical studies where “simple” drug administration may have less 

variability in treatment schemes than surgical interventions. For example, we are often 

uninformed about details in the surgical technique19; in the case of ACL reconstruction: 

was pre-tensioning used, or what was the exact orientation of the graft tunnels? These 

seemingly small differences may influence clinical outcome and therefore our ability to 

pool the results in meta-analysis of surgical trials.

Secondly, the number of overlapping reviews, although large considering same topic 

systematic reviews, was still too sparse to allow statistical analysis. Therefore, our analyses 

are primarily descriptive. Our findings may not be generalizable to overlapping systematic 

reviews in other topic areas. However, the principle issues raised by this review likely 

reflect those in other topic areas. Finally, our literature search could have missed relevant 

publications.

Implications of our study
Our study highlights the point that systematic reviews of randomized controlled trials, 

although labeled as Level I studies, can have limitations that lessen their clinical impact.1;3;24

The large variability in the methodological rigor of the 11 overlapping reviews, the variable 

study designs of the included primary studies and differential inclusion of studies confuses 

the primary question: what is the optimal approach to repairing the torn anterior cruciate 

ligament? A clear approach to appraising the evidence is mandatory when multiple 

overlapping reviews exist. Using the Jadad model, the review by Biau et al.7 provides 

the best estimate of the treatment effect given its methodological rigor, but clinically 
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important questions still remain unanswered. The Jadad algorithm20 is a useful tool to 

differentiate between overlapping reviews as shown in our study. To evaluate surgical 

systematic reviews and meta-analysis emphasis should be placed on how differences in 

surgical techniques in the primary studies were evaluated. Indeed, an abundance of RCTs 

exist on ACL reconstruction, thus, a high level of evidence is available. To condense this 

wealth of information systematic reviews are very helpful in providing busy clinicians an 

Evidence Based bottom-line. The algorithm we present may help readers to select the 

best review available; in other words the available evidence is not bad at all compared to 

other controversies in orthopaedics.

The issue of graft choice will ultimately be resolved with a large, appropriately 

powered, randomized trial comparing alternative approaches to anterior cruciate ligament 

reconstruction utilizing a validated patient-orientated outcome instrument to measure a 

clinically relevant treatment effect. Ideally, this would be a multi-center, expertise-based 

trial to facilitate generalizability of its results.

Conclusion

Systematic reviews on anterior cruciate ligament reconstruction comparing hamstring 

versus bone-patellar tendon-bone autograft showed variability in the quality of reporting 

and internal validity. When confronted with overlapping or discordant systematic reviews 

each review needs to be appraised on its methodological quality before they can guide 

in clinical decision-making or policy making. The currently available best evidence derived 

from a methodologically sound meta-analysis, suggests superiority of hamstring tendon 

autografts in preventing anterior knee pain and limited evidence that bone-patellar 

tendon-bone autografts provide better stability. 
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Appendix 1. Search strategies used to identify the 11 included systematic reviews

Database: EBM Reviews - Cochrane Database of Systematic Reviews <1st Quarter 2006>
Search Strategy:
--------------------------------------------------------------------------------
1     anterior cruciate ligament.mp. (16)
2     patellar tendon.mp. (8)
3     hamstring.mp. (17)
4     tendon graft.mp. (3)
5     ligament surgery.mp. (3)
6     reconstruction.mp. (86)
7     or/4-6 (86)
8     and/1-3 (2)
9     7 and 8 (2)
10     from 9 keep 1-2 (2)

Database: EMBASE <1996 to 2006 Week 21>
Search Strategy:
--------------------------------------------------------------------------------
1     exp anterior cruciate ligament/ (1973)
2     anterior cruciate ligament.mp. (3995)
3     exp ligament surgery/ (2428)
4     ligament surgery.mp. (2484)
5     exp patellar tendon/ (1213)
6     patellar tendon.mp. (1210)
7     exp hamstring/ (1345)
8     hamstring.mp. (1539)
9     exp tendon graft/ (1124)
10     tendon graft.mp. (1218)
11     or/1-2 (3995)
12     or/3-4 (2484)
13     or/5-6 (1556)
14     or/7-8 (1539)
15     or/9-10 (1218)
16     12 or 15 (3109)
17     11 and 13 and 14 and 16 (149)
18     Meta Analysis/ (22456)
19     (meta-anal: or metaanal:).mp. (26758)
20     (quantitativ: review: or quantitativ: overview:).mp. (213)
21     (systematic: review: or systematic: overview:).mp. (15901)
22     exp “Systematic Review”/ (10075)
23     (methodologic: review: or methodologic: overview:).mp. (84)
24     (medline or medlars or embase or cochrane).mp. (18254)
25     or/18-24 (47800)
26     17 and 25 (9)
27     from 26 keep 1-9 (9)

Database: Ovid MEDLINE(R) <1996 to May Week 3 2006>
Search Strategy:
--------------------------------------------------------------------------------
1     exp anterior cruciate ligament/ (3543)
2     anterior cruciate ligament.mp. (3971)
3     ligament surgery.mp. (112)
4     patellar tendon.mp. (1275)
5     hamstring.mp. (1004)
6     tendon graft.mp. (405)
7     Meta Analysis/ (4691)
8     (meta-anal: or metaanal:).mp. (19258)
9     (quantitativ: review: or quantitativ: overview:).mp. (224)
10     (systematic: review: or systematic: overview:).mp. (8917)
11     (methodologic: review: or methodologic: overview:).mp. (85)
12     (medline or medlars or embase or cochrane).mp. (19569)
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13     or/1-2 (3971)
14     or/3,6 (511)
15     and/4-5,13-14 (36)
16     or/8-12 (37937)
17     15 and 16 (4)
18     from 17 keep 1-4 (4)

PUBMED basic search

SEARCH STRATEGY

Anterior cruciate ligament AND patella AND hamstring ((meta-analysis [pt] OR meta-analysis [tw] OR metanalysis 
[tw]) OR ((review [pt] OR guideline [pt] OR consensus [ti] OR guideline* [ti] OR literature [ti] OR overview [ti] 
OR review [ti]) AND ((Cochrane [tw] OR Medline [tw] OR CINAHL [tw] OR (National [tw] AND Library [tw])) OR 
(handsearch* [tw] OR search* [tw] OR searching [tw]) AND (hand [tw] OR manual [tw] OR electronic [tw] OR 
bibliographi* [tw] OR database* OR (Cochrane [tw] OR Medline [tw] OR CINAHL [tw] OR (National [tw] AND 
Library [tw]))))) OR ((synthesis [ti] OR overview [ti] OR review [ti] OR survey [ti]) AND (systematic [ti] OR critical 
[ti] OR methodologic [ti] OR quantitative [ti] OR qualitative [ti] OR literature [ti] OR evidence [ti] OR evidence-
based [ti]))) BUTNOT (case* [ti] OR report [ti] OR editorial [pt] OR comment [pt] OR letter [pt]) 
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Appendix 2. Oxman and Guyatt index and QUOROM statement weblink

1. Were the search methods used to find evidence stated?

2. Was the search for evidence reasonably comprehensive?

3. Were the criteria for deciding which studies to include in the overview reported?

4. Was bias in the selection of studies avoided?

5. Were the criteria used for assessing the validity of the included studies reported?

6. Was the validity of all studies referred to in the text assessed using appropriate criteria?

7. Were the methods used to combine the findings of the relevant studies reported?

8. Were the findings of the relevant studies combined appropriately relative to the primary question the overview 
addresses?

9. Were the conclusions made by the author(s) supported by the data and/or analysis reported in the 
overview?

Question 10 summarizes the previous ones and, specifically, asks to rate the scientific quality of the review from 
1 (being extensively flawed) to 3 (carrying major flaws) to 5 (carrying minor flaws) to 7 (minimally flawed). The 
developers of the index specify that if the “partially/can’t tell” answer is used one or more times in questions 2, 
4, 6, or 8, a review is likely to have minor flaws at best and is difficult to rule out major flaws (ie a score 4). If the 
“no” option is used on question 2, 4, 6 or 8, the review is likely to have major flaws (ie a score 3).

QUOROM statement: http://www.consort-statement.org/QUOROM.pdf
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Appendix 3. Compliance of included systematic reviews using the QUOROM index

Systematic Review

QUOROM Item Biau 

et al7

Dauty 

et al9

Forster 

et al10

Freedman 

et al11

Goldblat 

et al13

Herrington 

et al16

Prodromos 

et al26

Schultz 

et al28

Spindler 

et al31

Thompson 

et al32

Yunes 

et al35

Identifying title + - + + + + + - + - +

Abstract

Structured Abstract + - + + + + + - + - +

Objectives in Abstract + - + + + + + - + - +

Data sources in Abstract + - + + + - - - - - -

Review methods in Abstract + - - - - - - - - - -

Results in Abstract + + + + + + + - - - +

Conclusion in Abstract + + + + + + + + + + +

Introduction + + + + + + + + + + +

Methods

Searches in Methods + + + + + + + + + + +

Selection in Methods

Validity assessment in Methods

Data abstraction in Methods + - - + + - - - - - -

Study characteristics in Methods + + - + + - - - + + +

Quantitative data synthesis in Methods + - + - + - - - - - +

Results

Trial flow in Results + - - - - - - - - - -

Study characteristics in Results + + + + + + + - - + +

Quantitative data synthesis in Results + + + + + + + - + + +

Discussion + + + + + + + + + + +

QUOROM total 18 10 13 14 16 12 11 5 10 9 13
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Appendix 4. Compliance of included systematic reviews to the Oxman and Guyatt index

Systematic Review

Questions Biau 

et al7

Dauty 

et al9

Forster 

et al10

Freedman 

et al11

Goldblat 

et al13

Herrington 

et al16

Prodromos 

et al26

Schultz 

et al28

Spindler 

et al31

Thompson 

et al32

Yunes 

et al35

1. Were the search methods used 
to find evidence stated?

+ + + + + + + + + + +

2. Was the search for evidence 
reasonably comprehensive?

+ + + + + + - - - + +

3. Were the criteria for deciding 
which studies to include in the 
overview reported?

+ + + + + + o o + + +

4. Was bias in the selection of 
studies avoided?

+ + - - - - - - - - -

5. Were the criteria used for 
assessing the validity of the 
included studies reported?

+ + - - - + - - + - -

6. Was the validity of all studies 
referred to in the text assessed 
using appropriate criteria?

+ + + - - + - o - o -

7. Were the methods used to 
combine the findings of the 
relevant studies reported?

+ + + + + - + - + + +

8. Were the findings of the 
relevant studies combined 
appropriately relative to the 
primary question the overview 
addresses?

+ + + + + + - + + o +

9. Were the conclusions made by 
the author(s) supported by the 
data and/or analysis reported 
in the overview?

+ + + + + + o + + o +

Oxman and Guyatt Index † 7 6 3 2 2 2 1 1 2 2 3

† Ranging from 1 to 7 for extensive to minimal flaws, respectively; see text.
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Appendix 5. Primary studies included in the systematic reviews

Systematic Review

Biau

et al

Prodromos

et al

Thompson

et al

Goldblatt

et al

Herrington 

et al

Dauty 

et al

Spindler 

et al

Forster 

et al

Freedman 

et al

Schultz 

et al

Yunes 

et al

2006 2005 2005 2005 2005 2005 2004 2004 2003 2002 2001

Date of last literature search in SR 

(dd/mm/yy)

14-3-2005 N/A 16-5-2001 ??/04/03 ??/01/03 ??/12/02 31-12-2003 N/A ??/05/00 N/A ??/05/97

Arvidsson 1981 +

Fried 1985 +

Engebretsen 1990 +

Marder 1991 + + + + + + +

O’Brien 1991 +

Aglietti 1992 +

Rosenberg 1992 +

Sgaglione 1992 +

Buss 1993 + +

Otero and Hutcheson 1993 +

Aglietti (2y FU) 1994 + + + + + +

Bach 1994 +

Karlson 1994 +

Schierl 1994 +

Bach 1995 +

Aglietti 1996 +

Arciero 1996 + +

Grondveldt 1996 +

Howell 1996 +

Maeda 1996 + +

Novak 1996 +

O’Neill 1996 + + + +

Aglietti (5Y FU) 1997 + +

Callaway 1997 +

Feagin 1997 +

Heier 1997 + +

Shelbourne 1997 +

Sgaglione 1997 + +

Shelton 1997 +

Yasuda 1997 + +

Tan 1997 +

Bach a 1998 +

Bach b 1998 + +

Kleipool 1998 +

Meystre 1998 +

Muneta 1998 + +

Nebelung 1998 + +

Osteras 1998 +

Otto 1998 +

Plancher 1998 +

Tibone 1998 +
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Webb 1998 +

Carter and Edinger 1999 +

Corry 1999 + + + + +

Howell 1999 +

Jomha 1999 +

Hamada 2000 +

Marumo 2000 +

Noojin 2000 +

Patel 2000 + +

Shelbourne 2000 +

Anderson 2001 + + + +

Aune 2001 + + + + +

Beard 2001 + + +

Cooley 2001 +

Erikson a 2001 +

Erikson b 2001 + + + + + + + +

Goradia 2001 +

O’Neill 2001 + +

Pantano 2001 +

Ropke 2001 +

Webster 2001 + +

Barrett 2002 + +

Beynnon 2002 + + +

Scranton 2002 +

Shaieb 2002 + + + + + +

Ejerhed 2003 + + + +

Feller Webster 2003 + + + + +

Gobbi 2003 +

Jansson 2003 + + + +

Aglietti 2004 +

Hantes 2004 +

Williams 2004 +

Fabbriciani 2005 +

Harilainen 2005 +

Hill 2005 +

Ibrahim 2005 +

Laxdal 2005 +

Prodromos 2005 +

TOTAL 19 35 2 11 13 9 9 6 29 7 4

Systematic Review

Biau

et al

Prodromos

et al

Thompson

et al

Goldblatt

et al

Herrington 

et al

Dauty 

et al

Spindler 

et al

Forster 

et al

Freedman 

et al

Schultz 

et al

Yunes 

et al

2006 2005 2005 2005 2005 2005 2004 2004 2003 2002 2001

Date of last literature search in SR 

(dd/mm/yy)

14-3-2005 N/A 16-5-2001 ??/04/03 ??/01/03 ??/12/02 31-12-2003 N/A ??/05/00 N/A ??/05/97

Appendix  5. (continued)
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Appendix  6. Authors’ recommendation on using patellar tendon or hamstring grafts for ACL reconstruction 
based on outcomes of stability, anterior knee pain and range of motion

Systematic 
Review

Conclusion Stability Anterior 
Knee Pain

Range of 
Motion

Total 
QUOROM     

Score

Total 
Oxman 

and 
Guyatt 
Score

Biau 7 Morbidity was lower for hamstring autografts 
than

Patella Hamstring N/A 18 7

for patellar tendon autografts. Evidence that 
patellar tendon autografts offer better stability 
was weak. The poor quality of the studies calls 
into question the robustness of the analyses.

Dauty 9 After discussing different bias and in reference 
to prospective randomised and comparative 
studies, the anterior cruciate ligament 
reconstruction with patellar tendon graft 
involves a knee extensors deficit during several 
months. The hamstring surgical procedure 
involves a less important knee extensor deficit 
(from 6 to 19% against 8 to 21%). Knee sprain 
and intra-articular surgery involve a long-
lasting knee extensors deficit. Anterior cruciate 
ligament reconstruction with hamstrings graft 
involves a knee flexors deficit over several 
months. The patellar tendon surgical procedure 
involves a less important knee flexors deficit 
(from 1 to 15% against 5 to 17%). In reference 
to isokinetic parameters, no difference between 
the two surgical procedures (patellar tendon 
graft or hamstring graft) is shown after more 
than twenty-four post-surgical months.

Outcome 
not 

described

Outcome not 
described

Flexion: 
Patellar 
Tendon 

Extension: 
Hamstring  

10 6

Forster10 Overall, there was a greater chance of extension 
loss (p=0.007) and a trend towards increased 
patellofemoral joint pain (p=0.09) with a patella 
tendon graft. With a four-strand hamstring 
graft, there is a greater loss of hamstring power 
(p=0.008) and a trend towards an increased 
chance of a pivot shift >1 (p=0.12). There was 
no difference between the two groups in terms 
of Lachman testing, chance of returning to the 
same level of sport, clinical knee scores, graft 
ruptures or other complications.

Inconclusive Inconclusive Hamstring 13 3

Freedman11 Patellar tendon autografts had a significantly 
lower rate of graft failure and resulted in better 
static knee stability and increased patient 
satisfaction compared with hamstring tendon 
autografts. However, patellar tendon autograft 
reconstructions resulted in an increased rate of 
anterior knee pain.

Patellar 
Tendon

Hamstring Inconclusive 14 2

Goldblatt13 The data presented in this meta-analysis 
show that the incidence of instability is not 
significantly different between the BPTB 
and HT grafts. However, BPTB was more 
likely to result in reconstructions with normal 
Lachman, normal pivot-shift, KT-1000 manual-
maximum side-to-side difference < 3 mm, and 
fewer results with significant flexion loss. In 
contrast, HT grafts had a reduced incidence 
of patellofemoral crepitance, kneeling pain, 
and extension loss. The choice of graft by the 
patient and surgeon must be individualized, and 
the results of this meta-analysis can aid in the 
decision by clarifying the risks and benefits of 
each surgical approach

Inconclusive Hamstring Flexion: 
Patellar 
Tendon

Extension: 
Hamstring

16 2
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Herrington 16 The results of the 13 studies included in this 
review suggest that there is no significant 
evidence to indicate that one graft is superior. 
Both the PT and HT grafts appear to improve 
patients’ performance, and therefore both 
would be good choices for ACL reconstruction.

Inconclusive Inconclusive Inconclusive 12 2

Prodromos26 The recent literature would suggest that 4HS 
ACLR produces higher stability rates than BPTB, 
that 4HS stability rates are fixation dependent, 
that aperture fixation offers no stability 
advantage, and that EndoButton with second-
generation tibial fixation produces consistently 
high stability rates.

Hamstring Hamstring Hamstring 11 1

Schultz28 From review of prospective randomized trials 
and a large controlled retrospective study, 
the trend suggests if fixation is controlled, 
outcomes are similar with the 2 grafts, with the 
possible exception of when they are used with 
high-demand athletes, in whom patellar tendon 
grafts may show a slight disadvantage. Large-
scale prospective randomized studies with 
careful data collection and control are needed 
to better define graft performance in vivo.

Inconclusive Inconclusive Inconclusive 5 1

Spindler31 Increased kneeling pain in the patellar tendon 
group was seen consistently in the studies 
evaluated. Subjective differences in anterior 
knee pain or return-to-activity level were not 
consistently observed in these studies. With 
numbers available, failure rates were not 
significantly different between groups. These 
findings suggest that graft type may not be the 
primary determinant for successful outcomes 
after anterior cruciate ligament surgery.

Inconclusive Hamstring 
(kneeling)

Inconclusive 10 2

Thompson 32 The risk for developing a range-of-motion 
extension deficit of more than 3 degrees 2 years 
after surgery was 62% higher for patients who 
underwent a patellar tendon procedure than 
for patients who underwent a hamstring graft 
procedure, and the risk for having an abnormal 
International Knee Documentation Committee 
score was 9% higher. There were no statistically 
significant functional differences between 
the 2 groups. We also concluded that studies 
done from “high-quality randomized trials” are 
insufficient alone; clinicians should evaluate 
results from meta-analyses to determine 
whether data from individual studies were 
properly combined.

Inconclusive Hamstring Hamstring 9 2

Yunes 35 Although both techniques, as performed in 
the late 1980s and early 1990s, yielded good 
results, PAT reconstruction led to higher 
postoperative activity levels and greater static 
stability than hamstring reconstruction. This is 
statistically significant based on this meta-
analysis.

Patellar 
Tendon

Inconclusive Inconclusive 13 3

Systematic 
Review

Conclusion Stability Anterior 
Knee Pain

Range of 
Motion

Total 
QUOROM     

Score

Total 
Oxman 

and 
Guyatt 
Score
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Abstract

Background The selection of presentations at orthopaedic meetings is an important 

process. If the peer reviewers do not consistently agree on the quality score, the review 

process is arbitrary and open to bias. The aim of this study was: 1) To describe the inter 

reviewer agreement of a previously designed scoring scheme to rate abstracts submitted 

for presentation at the Dutch Orthopaedic Association. 2) To test if quality of reporting of 

submitted abstracts increased in the years after the introduction of the scoring scheme. 3) 

To examine if a review process with a larger workload had lower inter rater agreement. 

Methods We calculated intraclass correlation coefficients (ICC) to measure the level of 

agreement among reviewers using the International Society of the Knee (ISK) abstract 

quality of reporting system. Acceptance rate and quality of the abstracts are described.

Results Of 419 abstracts 229 (55%) were accepted. Inter-reviewer agreement to rate 

abstracts was substantial 0.68 (95%CI 0.47, 0.83) to almost perfect 0.95 (95%CI 0.92, 

0.97) and did not change over the eligible time period. Less abstracts were accepted 

after 2004 (p = 0.039). The mean ISK abstract score, maximally 100 points, for accepted 

abstracts ranged from 60.4 (95%CI 57.7, 63.0) to 63.8 (95% CI 62.0, 65.7). The mean ISK 

abstract score for rejected abstracts varied from 45.8 (95%CI 40.3, 51.2) to 50.6 (95% 

CI 46.5, 54.8). Both scores for accepted and rejected abstracts did not change over time. 

Workload of the reviewers did not influence their level of agreement (p=0.167). 

Interpretation The ISK abstract rating system has an excellent inter observer agreement. 

Other scientific orthopaedic meetings could adopt this ISK rating system for further 

evaluation in local or international setting. 
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Introduction

Several scoring systems designed to help in selecting abstracts for a scientific 

orthopaedic meeting have been described in the literature, ranging from simple “accept 

– unsure – reject” systems to multiple item scoring schemes.1;8 These previous studies 

reported variable inter rater agreement in scoring abstracts for scientific meetings (ICC 

or Kappa agreement range -0.12 to 0.81).1;8;11 If peer reviewers do not consistently agree 

on the quality score, the review process is arbitrary and open to bias.8 Furthermore, the 

scoring system must be feasible to use. Long and confusing systems are less likely to be 

appropriately applied by reviewers with competing time constraints. 

The scientific meetings of the Dutch Orthopaedic Association (Nederlandse 

Orthopaedische Vereniging, NOV) are held two to three times a year. The number of 

abstracts submitted for presentation at the meeting outnumbers the available time 

during the meetings. It is the NOV’s aim to maintain a high scientific standard. In the 

past, accepted abstracts were published in the Acta Orthopaedica, formerly the Acta 

Orthopaedica Scandinavica. Now they are accessible through the Acta Orthopaedica 

website. Two scoring schemes were introduced, one for clinical abstracts and one for 

basic science abstracts, to help reviewers scoring of abstracts for subsequent acceptance 

or rejection for presentation at one of the meetings. The schemes are thought to help 

in rating the methodological quality of the submitted abstract and its newsworthiness. 

However, if reviewers disagree on the abstracts quality this system fails to select possible 

high quality synopsis of research projects and the quality of the meeting might subside. 

Therefore, the abstract scoring schemes had to be concise, easy to use, able to identify poor 

and good abstracts, not subject to reviewer disagreement, and not time consuming.

The aim of this study was threefold: 1) To describe the inter reviewer level of agreement 

of the quality and newsworthiness schemes to rate clinical and basic science abstracts 

submitted for presentation at the Dutch Orthopaedic Association. 2) To test if quality of 

reporting of submitted abstracts increased over the past years. 3) To examine if reviewers 

with a larger workload, e.g. more abstracts to score, had lower inter rater agreement. 

We hypothesized that reviewers had good agreement in scoring abstracts submitted 

for presentation at the NOV meetings between 2001 and 2006. Also, we hypothesized 

that quality of abstract did improve from 2001 to 2006. Finally, we hypothesized that the 

number of abstracts to be scored did influence inter rater agreement.

Materials and Methods

Eligibility
For this study the submitted abstracts database of the NOV was used. This database 

consists of accepted and rejected abstracts for the NOV’s scientific meetings as well as 
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the abstracts grading score. The data were retrieved from the existing administrative 

database used for the abstract submission from 2000 to 2006. We focused on abstracts 

of the meetings with subsequent publication on the website of Acta Orthopaedica. 

Online publication data were not yet available for the 2005 and 2006 meetings during the 

analysis of the data. The first year the abstract was introduced (2000) was not included 

in the analysis.

Abstract Grading- Checklist
Since 2000 the NOV has used a scoring system for evaluation of abstracts that was 

originally introduced by the International Society of the Knee (ISK), which was merged 

into the International Society of Arthroscopy, Knee Surgery and Orthopaedic Sports 

Medicine (ISAKOS) (appendix 1). Contact with the ISAKOS office and a thorough Medline 

and Internet search did not reveal any previous report describing the scoring system. 

This scoring system comprises of a score for clinical research abstracts and a score for 

basic science abstracts. For clinical trials the score is based on seven criteria. The score 

starts with a baseline score of +50 points. The seven criteria are weighted differently by 

different adding or subtracting possibilities. Objective criteria (methodological safeguards) 

have more weight in the total score than subjective criteria (newsworthiness). The scoring 

system for basic science abstracts consists of five items. As in the score for clinical 

abstracts the basic science score weighs objective items stronger than subjective items 

in calculating the total score. Also, this score starts at +50. The total maximum score is 

100, the minimum score is 0. The scoring system was used in its original form without 

translation or modification of items.

Abstracts requirements for submission
Abstracts needed to be submitted in both the Dutch and English language. The abstract 

should not exceed 250 words and should consist of 4 parts: Introduction and aim of the 

study, methods, results, and conclusion. Thus, abstracts had a structured format.

Criteria for acceptance and rejection of submitted abstracts
The criteria for acceptance were an ISK score of minimal 50 points, the work should 

not have been published as a full text manuscript longer than one year prior to the 

meeting, and the abstract should fit the specific topic of the meeting.

Abstract Grading-Review Process
All abstracts were blinded for authors and institution. A minimum of six reviewers 

scored the abstract. The group of reviewers changed in a smooth fashion with a change 

of maximum 2 per year over the past years. From 2001 onward, the authors of abstracts 

were informed about the use of the scoring scheme in the selection process prior to the 
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deadline of submission. The reviewers did not receive formal training in the use of the ISK 

abstract scoring system. Only the scheme as presented in Appendix 1 was given.

Statistical analysis
Descriptive statistics were used to report ISK abstract scores for rejected and accepted 

abstracts. Categorical variables are reported as percentages and were compared using the 

chi-squared test. Continuous variables are reported as mean and 95% confidence intervals 

(CI) and were compared using one-way analysis of variance (ANOVA). We used intraclass 

correlation coefficients (ICC) described as Cronbach’s Alpa (95% CI) to measure the level 

of agreement among the reviewers.1;11 Landis and Koch suggest criteria for interpretation 

of agreement: 0 to 0.2 represents slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 

0.60 moderate agreement, and 0.61 to 0.80 substantial agreement. A value above 0.80 

is considered almost perfect agreement.4 In this study, each abstract was reviewed by at 

least 6 reviewers. The reviewers are conceived as being a random selection from among 

all possible reviewers and abstracts are conceived as being a random factor as well. In 

each year, reviewers rated all of the abstracts submitted to the meetings and it is known 

how each reviewer has rated each abstract; therefore, two-way random effect model 

for interclass correlation seemed to be the most appropriate for our data analysis. The 

ICC is interpreted as being generalizable to all possible reviewers. Spearman’s correlation 

coefficient analysis was used to determine the correlation between the number submitted 

abstracts and the ICC of agreement between reviewers or the percentages of accepted 

abstracts. 

Sample size
We calculated the sample size where the level of agreement between the reviewers is 

measured using the ICC.12 Assuming 0.1 increase in the ICC for all combinations of the 

hypothesized value of ICC, with an alpha level of 0.05 and a beta level of 0.2, a total 

of 99 abstracts would be needed to have a minimum of 80% power to calculate ICCs 

among 13 different reviewers. 
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Results

Overall Agreement in Review Process
Of the 426 abstracts 7 (1.6%) had missing data leaving 419 available for analysis. Table 

1 shows the number of abstracts, number of reviewers, ICC, mean ISK abstract score and 

their relative 95% CIs for each NOV Scientific Meeting. Across 13 review periods, inter-

reviewer agreement to rate abstracts was substantial 0.68 (95%CI 0.47, 0.83) to almost 

perfect 0.95 (95%CI 0.92, 0.97) and did not change over the eligible time period. The 

overall mean ISK abstract score did not change over time between Scientific Meetings (P 

= 0.331). This was also true after adjusting for multiple comparisons using Bonferroni test 

with the smallest p value of 0.995. The number of abstracts for a meeting, representing 

the workload of the reviewers, did not influence the level of agreement between them 

(ICC) (p=0.708). Thus, reviewers with greater numbers of abstracts to review did not 

have scores that significantly differed from those with few abstracts to review.

Table 1.  Interclass Correlation Coefficients and mean ISK scores

Year Month N = 433 

abstracts

N reviewers ICC (95% CI) Mean Total ISK score 

(95%CI)

2001 May 62 8 0.94 (0.92, 0.96) 55.3 (51.2, 59.3)

2001 October 11 8 0.90 (0.77, 0.97) 52.8 (46.6, 59.0)

2002 May 10 6 0.83 (0.60, 0.95) 58.3 (50.1, 66.4)

2002 October 14 7 0.91 (0.79, 0.97) 58.7 (51.8, 65.7)

2003 January 45 7 0.87 (0.79, 0.93) 60.1 (56.9, 63.3)

2003 May 15 6 0.82 (0.64, 0.93) 54.5 (49.2, 59.8)

2003 October 14 6 0.83 (0.63, 0.94) 55.4 (48.8, 61.9)

2004 October 39 7 0.68 (0.47, 0.83) 53.4 (49.9, 56.8)

2005 January 46 8 0.96 (0.93, 0.98) 58.6 (54.6, 62.7)

2005 May 14 7 0.81 (0.59, 0.94) 58.0 (52.7, 63.4)

2005 October 37 7 0.95 (0.92, 0.97) 54.6 (49.2, 59.9)

2006 January 92 7 0.79 (0.68, 0.87) 56.1 (53.7, 58.5)

Figure 1. Histogram of ISK Score for 
Accepted and Rejected Abstracts
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Acceptance Rates
Of the 419 abstracts 229 (55%) were accepted. The mean ISK score was significantly 

greater in accepted abstracts than rejected abstracts (p <0.001). The distribution of ISK 

score for accepted and rejected ISK score is presented in Figure 1. There are some overlaps 

of ISK score between accepted and rejected abstracts. The acceptance rate did change 

over the past 6 years (p = 0.039) and less abstracts were accepted after 2004 (Table 2). 

The mean ISK abstract score for accepted abstracts ranged from 60.4 (95%CI 57.7, 63.0) 

to 63.8 (95% CI 62.0, 65.7). The mean ISK abstract score for rejected abstracts varied 

from 45.8 (95%CI 40.3, 51.2) to 50.6 (95% CI 46.5, 54.8). The mean ISK abstract score 

for the accepted or rejected abstracts did not change over time with p values of p = 

0.690 and 0.898, respectively (Table 2, Figure 2). 

Table 2. Frequency and Mean ISK score for accepted and rejected abstracts

Accepted Rejected

Year N = 239 % Mean ISK Score 

(95%CI)

N = 194 % Mean ISK Score 

(95%CI)

2001 37 50.7 63.0 (59.6, 66.4) 36 49.3 47.4 (42.2, 52.5)

2002 18 75.0 62.8 (57.9, 66.4) 6 25.0 45.8 (40.3, 51.2)

2003 45 61.0 62.6 (60.3, 64.9) 29 39.0 50.6 (46.5, 54.8)

2004 14 36.0 60.4 (57.7, 63.0) 25 64.0 49.0 (44.4, 53.6)

2005 56 57.7 63.8 (62.0, 65.7) 41 42.3 47.5 (42.4, 52.6)

2006 59 52.7 62.0 (60.3, 63.6) 53 47.3 48.5 (45.5, 51.5)

Discussion

We report the following: 1) Reviewers using the ISK abstract score scheme had 

substantial to almost perfect agreement. 2) The quality of abstracts did not change from 

2001 to 2006. 3) A larger number of abstract to score did not influence agreement 

among reviewers.

Figure 2. Mean ISK scores with 95% 
CI by abstract acceptance for the NOV 
Scientific meeting
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Strengths and limitations
The methodology of our study is strengthened by the following: 1) The sample size of 

the abstracts was large and the study was powered to answer the research questions. 2) 

Attempts were made to blind the reviewers for the name of the authors and the name 

of the institution. 3) The group of reviewers changed in a smooth fashion with a change 

of maximum 2 per year over the past years. However, the present study had certain 

limitations. 1) Scoring schemes have limitations especially if thresholds are used. Thresholds 

are arbitrary and have resulted in methodological flaws when used in meta-analysis.2

The scheme scores methodological quality as well as newsworthiness. If an abstracts is 

scored poor on methodological soundness and is scored good on newsworthiness it still 

gets a relatively high ranking. In contrast, an abstract reporting a trial with a rigorous 

methodological construct may score poorly if the topic is not in vogue. 2) The Annual 

Dutch Orthopedic Associations meetings, held in January, are dedicated to a specific 

topic. The spring and fall meetings were not designated to a specific topic. Abstracts with 

higher scores were rejected if they were not in the scope of the specific topic meeting. 

Final acceptance for a meeting was decided through consensus by the scientific committee 

and, at times, could have been subjective. This may have influenced our results. 3) Our 

study was of one National Orthopedic Association. The results cannot be generalized for 

other countries, associations, or (sub) specialties. 4) Of the 426 abstracts available in the 

database 7 (1.6%) had missing data leaving 419 available for analysis. We focused on the 

meetings with subsequent abstracts publication on Acta Orthopaedica’s website. In 2004 

the abstracts of only one meeting were published online. The 2006 meeting’s abstracts are 

not yet available online. The scientific meetings were held 3 times a year. Unfortunately, 

the NOV abstract scoring database did not have information on four meetings: January 

2001, January 2002, and January and May 2004. For unknown reasons abstracts of these 

meetings were not published or scoring data were not saved. 

Previous literature
A recent report describing a nine item scale had a moderate agreement for peer review 

of abstracts for the Canadian Association of Emergency Physicians.8 Rowe’s study aimed 

to find criteria associated with poor agreement among the reviewers. The authors found 

greater agreement in the more specific and objective criteria.8 The ISK system presented 

in our study weighs objective criteria accordingly; this could have contributed to the 

excellent agreement among our reviewers. Since our study reports excellent agreement 

identification of factors associated with low agreement became redundant. 

We are aware of one report in the orthopaedic literature describing poor agreement 

(ICC 0.23 to 0.27) among reviewers scoring abstracts with a simple “accept – unsure 

– reject” system.1 Eight reviewers scored 440 abstracts in 2001 and 9 reviewers scored 

438 abstracts in 2002. This large number of abstracts to be scored in a short period 

of time may have contributed to a less vigorous review process. Our study reports 419 
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abstracts scored by a total of 13 reviewers in a 6-year period; this workload was less 

intense. Interestingly, we found no influence of a larger number of abstracts to score on 

the reviewer agreement. In our report the number of abstracts did not exceed 92. We are 

uninformed if agreement would decrease with larger numbers of abstracts as described 

previously in the report covering more than 400 abstracts per meeting.1 Furthermore, 

we are uniformed on the exact time it takes to score an abstract with the ISK system. 

In meetings where nearly all abstracts are to be accepted for presentation, either oral or 

poster, then the accept-unsure-reject” system is sufficient to identify the few really poor 

abstracts that need to be rejected. In case where a more rigorous selection is required, 

i.e. where the number of submissions is more than exceeding the number of presentation 

slots, then an objective and reproducible scoring system is required for a justified selection 

giving equal chance for each submission to be selected without bias.

Equally important is the grey literature generated by the accepted abstracts that are, 

for example, published online at the website of a scientific journal. The grey literature 

comprises scientific and technical reports, patent documents, conference papers, internal 

reports, government documents, newsletters, fact sheets and theses, which are not 

readily available through commercial or librarian channels. Grey literature specifically does 

not include normal scientific journals, books or popular publications that are available 

through traditional commercial publication channels. This grey literature is often the only 

published manuscript of a trial.8;10 Therefore, the quality of the abstract must be high to 

facilitate selection for example for future meta-analysis.5;6 Cochrane reviews often include 

meeting proceedings in their search strategy.7 Our scoring scheme helps in maintaining a 

high standard of reporting.

We choose not to include the data of 2000 in our analysis since this was the first time 

the scoring system was used. In 2000 a scarce number of abstracts were submitted to 

select from and to fill the program. Furthermore, in this year the policy of the committee 

was to fill the program. In the subsequent years (2001 and onwards), the policy of the 

committee changed to fill the program with good quality presentations only. Hence, 

more weight was assigned to the score as a quality measure and it was accepted that 

the program was not fully filled. This resulted in a rather constant average score over the 

years. Our theory that educational efforts on the practice of evidence-based orthopaedics 

over the past years could not be confirmed.

Blinding of reviewers was attempted, but in our small orthopaedic community the origin 

of the blinded abstract is not difficult to guess. Therefore, it is questionable if abstracts 

truly can be blinded for author and institution. Furthermore, blinding in the peer review 

process has come under scrutiny after two randomized controlled trials revealing similar 

results in the peer review process with or without blinding for authors.3;9
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Relevance of our findings
Our study showed that the ISK abstract scoring system gives excellent inter reviewer 

agreement over a six-year period. This is the first system reported with a constantly good 

agreement. The reviewers did not receive training to use the scoring system. This further 

strengthens the rationale to implement the ISK abstract rating system since it is easy to 

use, reliable and easy to learn.

Conclusion

The ISK abstract rating system has an excellent inter observer agreement. Other 

scientific orthopaedic meetings could adopt this ISK rating system for further evaluation 

in local or international setting. 
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Abstract

Background Subcapital fractures of the fifth metacarpal bone, meaning fractures 

just below the knuckle of the little finger, account for approximately 20% of all hand 

fractures. Currently, there is no consensus concerning the optimal management of these 

fractures. Traditionally, treatment consists of closed reduction and external splinting in a 

neutral position using plaster of Paris (POP), involving the metacarpal joint, the proximal 

interphalangeal joint and the carpo-metacarpal joint. An alternative treatment strategy is 

functional treatment using taping or bracing that does not restrict movement.

Objectives To compare functional treatment with immobilization, and to compare 

different periods and types of immobilization, for the treatment of closed fifth metacarpal 

neck fractures in adults.

Search strategy We searched the Cochrane Bone, Joint and Muscle Trauma Group 

Specialized Register (July 2004), the Cochrane Central Register of Controlled Trials (The 

Cochrane Library Issue 3, 2004), OVID OldMEDLINE (1951 to 1965), OVID MEDLINE (1966 

to July 2004), OVID MEDLINE In-Process (July 2004), EMBASE (1988 to 2004, week 29), 

the Internet, and reference lists of articles. No language restrictions were applied.

Selection criteria All randomized and quasi-randomized controlled trials which compare 

functional treatment with immobilization or different types of immobilization for closed 

fifth metacarpal neck fractures. 

Data collection & analysis Two review authors assessed abstracts of all studies identified 

by the initial search, identified studies meeting the selection criteria, independently 

assessed the quality of the trial reports, and extracted and analysed the data.

Main results Five studies met the inclusion criteria including a total of 252 participants. 

Most studies were of poor quality. The primary outcome measure, function of the hand, 

was not used in any studies. There was no evidence that any of the treatment modalities 

was statistically significantly superior. 

Reviewers’ conclusions No included studies reported our primary outcome measure of 

interest, validated hand function. There was heterogeneity between the studies, which 

were of limited quality and size. No single non-operative treatment regimen for fracture 

of the neck of the fifth metacarpal can be recommended as superior to another in result. 

Further research is definitely warranted. 
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Background

Fractures of the fifth (small finger) metacarpal neck are common injuries, accounting 

for approximately 20% of all hand fractures.15 The fractures are usually sustained by an 

axial blow on the metacarpal phalangeal (MCP) joint in flexed position, hence the name 

‘Boxer’s fracture’.

At the time of injury, the normal pre-existing angulation in a palmar direction of the 

metacarpal head increases. This is due to the force causing the fracture and the flexion 

forces across the metacarpal-phalangeal joint produced by the resting tension of the 

intrinsic and extrinsic muscles of the hand. This angulation causes a shortening of the 

metacarpal neck, which can result in loss of the normal prominence of the fifth knuckle. 

This may give rise to cosmetic complaints.2

At present, there is no consensus on the optimal management of these fractures. The 

extent of acceptable palmar angulation remains under debate; recommendations in the 

literature vary from 20 degrees to 70 degrees.5;7;11;16;17;19;21-23 A biomechanical study 

concluded that 30 degrees is the upper limit for acceptable final angulation.2 Although 

investigations have shown that palmar angulation of the neck of the fifth metacarpal 

rarely gives rise to any functional disability, no clinical study has provided a conclusive 

answer to the question of how much angulation is acceptable in terms of functional 

recovery or residual symptoms.

Another undetermined variable is the optimal length of treatment by cast or bandage. 

In different studies this period varies from one week of immobilization followed by 

functional treatment, to longer periods of pure immobilization.

Traditionally, treatment of this fracture consists of closed reduction and external 

splinting in a neutral position using plaster of Paris. A cast is applied as an ulnar gutter 

cast in which the MCP and PIP (proximal interphalangeal) joints are immobilized, as well as 

the wrist.22 An alternative is functional treatment, either by casting or taping. Functional 

casting allows the wrist and the finger joints free range of motion and is applied circularly 

around the metacarpals.11 Functional taping techniques may be used. Typically, tape is 

applied to splint the fourth finger against the fifth, thus preventing rotational deformity; 

a broad circular strap supports the fingers5; a compression glove is placed over the entire 

hand, which does not limit the range of movement in any joint.19 A third alternative is that 

patients may be given full dynamic treatment (no immobilization) and are advised to use 

the hand as normally as possible. In this case, no support is used.

Delayed union, or nonunion, is uncommon. Therefore functional treatment is advocated 

by some groups. Published studies conducted in the last 10 years have shown acceptable 

results for both immobilization and functional treatment. The purpose of this systematic 

review is to identify evidence for the optimal conservative treatment for fifth metacarpal 

neck fractures. Another review looking at randomized controlled trials of operative 

treatment options is planned by the authors.
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Objectives
To compare functional treatment with immobilization, and to compare differing periods 

and types of immobilization for the treatment of closed fifth metacarpal neck fractures 

in adults.

Materials and Methods

Criteria for considering studies for this review

Types of studies

All randomized and quasi-randomized (methods of allocating participants to a treatment 

which are not strictly random e.g. date of birth, hospital record number or alternation) 

controlled trials which compare functional treatment with immobilization for closed fifth 

metacarpal neck fractures. 

Types of participants

In our protocol, we planned to focus on adults with closed fifth metacarpal neck 

fractures. However, for practical reasons we decided to include children and adolescents 

where the original studies had done so. If data were presented on different groups with 

this injury, e.g. sports people, we planned to analyse these groups separately.

Types of interventions

The interventions of interest were:

· splinting with plaster of Paris with immobilization of both the MCP and wrist joint;

· functional bracing with free movement in both the MCP and wrist joint;

· functional taping with free movement in both the MCP and wrist joint;

· elastic (or compression) bandage with free movement in both the MCP and wrist joint;

· full dynamic treatment with no external support with free movement in both the MCP 

and wrist joint.

Types of outcome measures

Primary outcome measure 

· Functional outcome (based on activities of daily living (ADL) assessments and validated 

hand function scores).

Secondary outcome measures

· Patient satisfaction

· Cosmetic appearance

· Pain
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· Non-union (failure of fracture to unite more than six months post injury, with 

radiographic evidence of fracture line or pain at the fracture site)

· Malunion

· Rotational deformity

· Fracture angulation

· Range of motion: flexion and extension in MCP

· Grip strength

· Time to union

· Re-intervention

· Infection

· Skin damage

· Time to return to work (days off) or return to previous activity (e.g. sports)

· Cost of treatment

Search strategy for identification of studies
We searched the Cochrane Bone, Joint and Muscle Trauma Group Specialized Register 

(July 2004), the Cochrane Central Register of Controlled Trials (The Cochrane Library Issue 

3, 2004), OVID OldMEDLINE (1951 to 1965), OVID MEDLINE (1966 to July wk 3 2004), 

OVID MEDLINE(R) In-Process (July 2004), EMBASE (1988 to 2004, week 29), the Internet, 

and reference lists of articles. No language restrictions were applied.

Search strategies for MEDLINE and EMBASE are shown in Table 1. 

Methods of the review
Selection of studies

Two authors (JCG and RWP) assessed abstracts of all studies identified by the initial 

search and excluded clearly non-relevant studies. Full copies of the reports of potentially 

relevant studies were independently assessed by two authors (JCG and RWP) using 

the above mentioned inclusion criteria. Disagreements on inclusion were resolved by 

discussion and, if necessary, by scrutiny by an independent third author (JBL).

The quality of the selected studies was independently assessed, without masking of the 

source and authorship of the trial reports, by two authors (JCG and RWP) using a quality 

assessment tool derived from the generic scheme used by the Cochrane Bone, Joint and 

Muscle Trauma Group. Disagreement was resolved by discussion and, if necessary, by 

scrutiny by an independent third author (JBL). This scoring scheme considers the following 

aspects of internal and external validity: 

A. Was the assigned treatment adequately concealed prior to allocation?

2 = (Cochrane code A) yes; method did not allow disclosure of assignment

1 = (Cochrane code B) not sure; small but possible chance of disclosure of assignment 

or unclear

0 = (Cochrane code C) clearly no; quasi-randomized or open list/tables
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B. Were the outcomes of participants who withdrew described and included in the 

analysis (intention to treat)?

2 = intention to treat analysis based on all cases randomized possible or carried out

1 = states number and reasons for withdrawal but intention to treat analysis not 

possible

0 = not mentioned, or states number of withdrawals only

C. Were the outcome assessors blinded to treatment status?

2 = effective action taken to blind assessors

1 = small or moderate chance of unblinding of assessors

0 = not mentioned or not possible

D. Were the treatment and control group comparable at entry?

2 = good comparability of groups, or confounding adjusted for in analysis

1 = confounding small; mentioned but not adjusted for

0 = large potential for confounding, or not discussed

E. Were the treatment providers blind to assignment status?

2 = effective action taken to blind treatment providers

1 = small or moderate chance of unblinding of treatment providers

0 = not possible, or not mentioned (unless double blind), or possible but not done

F. Were care programmes, other than the trial options, identical?

2 = care programmes clearly identical

1 = clear but trivial differences

0 = not mentioned or clear and important differences in care programmes

G. Were the inclusion and exclusion criteria clearly defined?

2 = clearly defined

1 = inadequately defined

0 = not defined

H. Were the interventions clearly defined?

2 = clearly defined interventions are applied with a standardized protocol

1 = clearly defined interventions are applied but the application protocol is not 

standardized

0 = intervention and/or application protocol are poorly or not defined

I. Were the outcome measures used clearly defined?

2 = clearly defined

1 = inadequately defined

0 = not defined

J. Were diagnostic tests used in outcome assessment clinically useful? (by outcome) 

2 = optimal

1 = adequate

0 = not defined, not adequate
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K. Was the surveillance active, and of clinically appropriate duration?

2 = active surveillance and appropriate duration (set visits up to six months or longer)

1 = active surveillance, but inadequate duration (set visits for three months)

0 = surveillance not active or not defined (no set visits or time of follow up not 

detailed).

Data analysis

Data were extracted from all relevant studies independently by two authors. If data were 

incomplete or require clarification, attempts were made to contact the authors for further 

information. Agreement on data extraction discrepancies was reached by consensus. For 

each study, relative risks and 95% confidence limits were calculated for dichotomous 

outcomes. We would have calculated the mean difference and 95% confidence limits for 

continuous data. Where appropriate, results of comparable groups of trials were pooled 

using the fixed-effect model. Heterogeneity was assessed using the standard chi squared 

test (with significance set at P < 0.10) in conjunction with the I2 test.14 Where there was 

significant heterogeneity we pooled data using the random-effects model.

Patient satisfaction

Where satisfaction was reported in three categories as “fully satisfied”, “satisfied” or 

“dissatisfied”, the data were dichotomized by combining the “satisfied” and “dissatisfied” 

categories to become “not fully satisfied”. If participants had any residual complaints, 

they were analysed in the “not fully satisfied” group. Cosmetic appearance judged by the 

patient was grouped in patient satisfaction as well in the same manner. 

Pain

Where pain was reported in three categories, “no pain”, “moderate pain” or “severe 

pain”, the data were dichotomized by combining the “moderate pain” and “severe pain” 

categories to become “pain”. If participants had any residual complaints, they were 

analysed in the “pain” group. 

Range of motion (ROM)

Numbers of participants with decreased ROM at three to six weeks and final follow up 

were extracted from tables and text where possible. If percentages were given numbers 

were calculated. Data were dichotomized into two groups: participants with decreased 

ROM and participants with full ROM.

Grip Strength

Numbers of participants with decreased grip strength at three to six weeks follow 

up were extracted from tables and text where possible. Data were dichotomized to 

participants with loss of grip strength and participants with normal grip strength.
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Results 

Description of studies
The MEDLINE search retrieved 50 studies, the EMBASE search 76. 

Included studies
Overall five studies met the inclusion criteria. Numbers of participants meeting the 

inclusion criteria, excluded before randomization, randomized in each treatment group, 

excluded post randomization, analysed in each treatment group and dropouts are 

described in Table 2.

Types of participants

Anand reported 60 participants aged 11 to 48 years with fractures of the neck of 

the fifth metacarpal.3 Gender was not described. No data were presented on different 

groups e.g. sports or occupation.

Braakman described 50 consecutive participants with a fracture of the fifth metacarpal.5

Follow up was available for 43 men and five women aged between 14 and 44 years. No 

data were presented on different groups e.g. sports or occupation.

Harding analysed 65 participants with minimally angulated (less than 40 degrees), closed 

fractures of the little finger metacarpal neck with no rotational deformity or associated 

injury.12 No data were recorded regarding age and gender of the participants.

Kuokkanen included 29 participants (26 men and three women) with subcapital 

fractures of the fifth metacarpal bone.17 Participants with fractures angulated more than 

70 degrees, fractures with pronounced deviation or rotation deformity and open fractures 

were excluded. Median age was 29 years (range 11 to 68).

Statius Muller studied 40 participants (38 men and two women) with a mean age of 29 

years (range 15 to 84), with fractures of the fifth metacarpal neck.22

Types of interventions (see also Table 3)

Anand: splinting with ulnar gutter splint for three weeks after attempted reduction 

compared to immediate mobilization in a “bulky dressing” (compression bandage).3

Braakman: ulnar gutter cast with the wrist in 45 degrees dorsiflexion, the MCP joints 

in 90 degrees flexion and the IP joints in 0 to 10 degrees flexion compared to functional 

taping (also known as neighbour strapping).5

Harding: metacarpal brace compared to neighbour strapping (also known as functional 

taping).12

Kuokkanen: reduction of fracture and splinting with the MCP joints in 60 degrees 

flexion with the splint reaching to the level of the proximal IP joint leaving the joint 

free for movement for four weeks compared to an elastic bandage 5 cm wide applied 

circumferentially and with slight compression (compression bandage) from the MCP level 
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to 10 cm above the wrist, following which the participants were encouraged to move the 

fingers immediately and they removed the bandages after one week.17

Statius Muller: ulnar gutter plaster cast for a period of three weeks followed by 

mobilization compared to a “pressure bandage” (compression bandage) or one week and 

immediate mobilization within limits imposed by pain.22

Types of outcome measures

The primary outcome measure, which we had chosen a priori (functional outcome 

based on activities of daily living (ADL) assessments and validated hand function scores) 

was not described in any of the included studies. 

Excluded studies
The ‘Characteristics of excluded studies’ table lists 10 studies. Four excluded studies 

were randomized controlled trials of participants with metacarpal fractures, but analysis 

was not possible as data were not presented separately for fractures of the fifth 

metacarpal.11;16;19;21

Study Reason for exclusion

Cohen 2001 RCT. Fractures of the base of the fifth metacarpal and distal radius fractures. No separate data analysis was 
possible for the fifth metacarpal fractures.

De Kleuver 1996 RCT. In this abstract of a Dutch orthopaedic meeting insufficient data were given to be interpreted.

Garramone 1996 RCT. In this abstract a short arm cast was compared to volar splint. Insufficient data were given on the exact 
treatment modalities. Unclear if free motion in MCP was possible in one of the treatment groups.

Hansen 1998 RCT. The type of participants did not meet the inclusion criteria. Described fourth and fifth metacarpal 
fractures. No separate data analysis was possible for the fifth metacarpal fractures.

Hutchison 1996 This was a study on the ability to make a cast by surgical trainees. Not an RCT.

Konradsen 1990 RCT. The type of participants did not meet the inclusion criteria.

Described fractures of the second to fifth metacarpal. No separate data analysis was possible for the fifth 
metacarpal fractures.

McMahon 1994 RCT. The type of participants did not meet the inclusion criteria. Patients with metacarpal shaft fractures 
were included, not subcapital fractures. No specific data were given on which metacarpal was fractured.

Randall 1992 RCT. The type of participants did not meet the inclusion criteria.

This study included fractures of the base, shaft and neck of the metacarpal bone. All hands had to be 
immobilized for at least one week.

Sorensen 1993 RCT. The type of participants did not meet the inclusion criteria.

Described fractures of the second to fifth metacarpal. No separate data were given on fifth metacarpal.

Methodological quality of included studies
Detailed quality assessment scores by item are presented under the ‘Methods’ column in 

the ‘Characteristics of included studies’ table. We include here a qualitative description. 

A. Concealment of allocation

Most studies used sealed envelopes for concealment. No computer or telephone 

randomization was used. Anand used medical record numbers for randomization.3
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B. Intention-to-treat analysis

Description of the participants excluded was performed by Braakman, Kuokkanen and 

Statius Muller.5;17;22

C. Blinding outcome assessors

Only Harding and Statius Muller blinded the outcome assessors.12;22 

D. Comparability of treatment groups at entry

Comparability was poorly described in most studies. Braakman, Harding, Kuokkanen 

and Statius Muller mentioned participants demography but no adjustment was 

made.5;12;17;22

E. Blinding of treatment providers

Blinding of treatment providers was impossible, hence we disregarded this item.

F. Care programmes, other than trial options, identical

In all studies describing the care programmes, identical programmes were used. In 

studies which did not describe care programmes other than the intervention, this item 

was scored as unknown. 

G. Inclusion and exclusion criteria clearly defined

Inclusion criteria were described in all studies but Anand.3 Exclusion criteria were 

described in Statius Muller.22

H. Interventions clearly defined

All studies used a clearly defined and standardized intervention protocol.

I. Outcome measures clearly defined

All studies clearly described the outcome measures used.

J. Diagnostic tests

None of the studies used a validated patient outcome score. Plain radiographs were 

used in most studies to determine fracture angulation. Leung clearly described that the 

measurement of fracture angulation on plain radiographs of small finger metacarpal 

neck fractures seems to be subject to a high degree of inter- and intraobserver 

variability.18

K. Follow-up period

Only Braakman followed the participants for a sufficient period.5 Most studies limited 

the follow-up period to three months. Harding limited the follow-up period to three 

weeks.12

Number of participants
A total of 252 participants were included in the five included studies. Of these 

participants 117 were available for analysis in the treatment group and 120 participants 

were available for analysis in the control group (see Table 2). Table 4 and Table 5 show all 

available outcome measures and results for the included studies.
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Primary outcome measure
Functional outcome (based on activities of daily living (ADL) assessments and 

validated hand function scores)

None of the included studies used functional outcome assessments and validated hand 

function scores.

Secondary outcome measures
Patient satisfaction (see Table 4 and Graphs 1.01, 2.01, 3.01 and 4.01)

Anand described this outcome measure in terms of cosmetic satisfaction.3 Braakman 

described patient satisfaction as participants with residual symptoms consisting of loss 

of power-grip, and pulling and torque strengths, as well as pain, stiffness, intolerance 

to change in temperature and a non-aesthetic appearance.5 Harding described patient 

satisfaction in three categories: fully satisfied, satisfied and dissatisfied.12 Statius Muller 

found that 60% of the participants were fully satisfied at six weeks follow up and 80% at 

12 weeks follow up in both the cast and the bandage group.22

Pooling of data was possible after dichotomizing in the following three studies: Anand; 

Braakman; Statius Muller.3;5;22 The pooling in graphs 2.01 and 4.01 is exploratory only.

Cosmetic appearance (see Table 4 and Graphs 2.02, 3.02, and 4.02)

Anand et al. did not define satisfaction with cosmetic appearance, but all participants 

were satisfied in the mobilized group and 20 out of 21 in the cast group.3 In Harding’s study 

participants in neither group complained of a short metacarpal compared to the other side, 

but one patient in each group expressed concern at the lump at the fracture site.12

Pain (see Table 4 and Graphs 2.03 and 4.03)

In Anand’s study none of the participants had pain at three month follow up in either 

group.3 Participants treated with a brace in Harding’s study complained of less pain at 

three weeks follow up.12 A three point scale was used. Statius Muller et al. reported three 

pain groups: no pain, moderate pain and severe pain.22 At six weeks follow up 87% 

of the participants in the cast group had no pain and 13% had moderate pain. In the 

bandage group 70% had no pain and 30% had moderate pain at six weeks. By 12 weeks 

93% had no pain and 7% had moderate pain in the cast group, while 95% had no pain 

and 5% had moderate pain in the bandage group.

Fracture angulation (see Table 4)

From the table in the abstract of Anand et al. we extracted the following data, assuming 

that “Rx” means treatment, or reduction.3

· Dorsal angulation prior to treatment: mobilization group 41  (range 15° to 80°); 

immobilization group 38  (range 15  to 70 ). 
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· Dorsal angulation after treatment: mobilization group 41  (range 15° to 80°); 

immobilization group 27  (range 5  to 45 ). 

· Ulnar angulation prior to treatment: mobilization group 18  (range 0  to 40 ); 

immobilization group 15  (range 0v to 40 ). 

· Ulnar angulation after treatment: mobilization group 18  (range 0  to 40 ); 

immobilization group: 1  (range 0  to 10 ). 

Braakman et al. did not find a relation between functional recovery or existence of 

residual symptoms and the initial fracture angulation.5 In Kuokkanen’s study the median 

primary angulation of the fracture was higher in the functional group than in the 

repositioned and splinted group.17 The angulation of the fracture remained at practically 

the same level compared with the primary angulation in both groups. In Statius Muller’s 

study the fracture of the participants with a good ROM had a mean angulation of 39

(range 15  to 70 ), while the participants with a moderate ROM had a mean fracture 

angulation of 37.5  (range 35  to 40 ). The fracture of the participants whose satisfaction 

was good had a mean angulation of 43  (range 15  to 70 ), while the participants whose 

satisfaction was moderate had a mean fracture angulation of 38  (range 30  to 55 ).22

This was not described for each treatment group separately. 

Range of motion (ROM) in MCP joint (see Table 5 and Graphs 1.02, 2.04 and 4.04)

We were able to pool the data for Braakman and Statius Muller at three to six weeks 

follow up.5;22

Participants with a decreased ROM were pooled for Anand, Braakman and Statius 

Muller at final follow up.3;5;22

Anand et al. described ROM in term of extensor lag at three months follow up.3 In 

the mobilized group two participants had an extensor lag of five degrees, as had two 

participants in the cast group. Braakman et al. showed a significant difference in extension 

deficit after one week (P = 0.0002).5 At one week follow up an extension deficit of up to 

30 degrees was seen in 76% of the participants treated in a cast. Likewise a flexion deficit 

was seen in 44% in this group. At one week follow up an extension deficit did not exceed 

12 degrees in 26% of the functionally taped participants. A flexion deficit at one week 

was seen in 8% of this group. Only the extension deficit was significantly different after 

four weeks (P = 0.009). Normal mobility was restored in all participants treated by tape. 

In the cast group, however, the mobility was still limited in 44% after four weeks and in 

8% after three months. 

Harding’s study showed that participants treated with a brace had a slightly better 

ROM than the participants in the neighbour strapping group.12

In Kuokkanen’s study the ROM of MCP joint was higher in the functional group at four 

weeks, but there was no difference at three months.17
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In Statius Muller’s study full range of motion was achieved in 67% of the participants 

in the cast group at six weeks, and in 93% at 12 weeks. In the bandage group 70% had 

reached full ROM at six weeks and 95% at 12 weeks.22

Grip strength (see Table 5 and Graphs 1.03 and 4.05)

Anand et al. utilized the Jamar dynamometer for recording grip strength of both hands. 

Grip strength at six weeks follow up was 91% of normal in the mobilization group (24 

participants tested) and 69% of normal in the cast group (17 participants tested). At 

three months it was 98% of normal in the mobilized group (22 participants tested) and 

99% of normal in the cast group (13 participants tested).3

Braakman et al. showed restoration of pulling strength was significantly better in the 

tape group after one and four weeks (P < 0.001).5 The 50% recovery limit of power-grip and 

pulling strength was reached within four weeks in every patient of the tape group, compared 

with 52% of the participants in a cast. The tape group also showed better performance 

after three months. After one week and four weeks all torque strengths were significantly 

better in the tape group (P < 0.01) with the exception of the one week pronation strength. 

Full functional recovery took place in all but one patient treated in a cast, in whom severe 

loss of power-grip, pulling strength and moderate loss of torque strength persisted. No 

obvious explanation could be found for the poor outcome in this patient.

In Kuokkanen’s study the grip force of the affected hand was considerably better in the 

functional group at four weeks and still slightly better at three months.17

Skin damage (see Table 5 and Graph 3.03)

In Harding’s study one patient complained that the brace rubbed on the ulnar border 

of his hand, though this did not cause any significant damage.12 Kuokkanen et al. found 

no skin damage in all participants.17

Time to return to work or previous activity (see Table 5 and Graphs 2.05, 3.04, and 

4.06)

In Anand’s study all the participants in both groups returned to their pre injury status.3

Thirty-four out of 37 participants treated with a brace and eight out of 28 participants 

treated by neighbour strapping in Harding’s study had returned to work by three 

weeks.12 No data were described for working status at final follow up. At six weeks two 

participants in Statius Muller’s study had not returned to their work or hobby, but all had 

by 12 weeks.22

Other secondary outcome measures

The following outcome measures were not described in any included trials.

· Non-union 

· Malunion
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· Rotational deformity

· Time to union

· Re-intervention

· Infection

· Cost of treatment

Summary of Results
There was no statistically significant difference in range of motion between any 

functional treatment (functional taping or compression bandage) and immobilization 

(plaster cast with immobilization of the MCP and wrist joints) at any point in time (one 

week, three to six weeks or three to six months follow up).3;5;22 The random-effects 

model was used to pool data as there was substantial heterogeneity at three to six weeks 

follow up (I2 = 82.7%). The heterogeneity in effects might be the result of differences in 

treatment (tape versus compression bandage) or possibly in the population, or the care 

programs other than the trial options may have differed between studies. We cannot 

determine which of these is the most likely. 

Anand et al., Braakman et al. and Kuokkanen et al. all reported significantly reduced 

grip strength at three to 6 weeks in participants immobilized in plaster of Paris (POP) 

splints compared to participants treated with mobilization in a bulky dressing (compression 

bandage), functional taping, and circular elastic bandage (compression bandage) 

respectively.3;5;17 These data could not be pooled since no standard deviations were 

reported and Braakman et al. reported the results in a graph.5

Since none of the studies presented data on different patient groups with fracture of 

the neck of the fifth metacarpal, e.g. sports people, these groups could not be analysed 

separately.

Braakman et al. was contacted to provide extra information, but was not able to provide 

any. The other authors will be contacted for the next update of this review.5

Discussion

The objective of this Cochrane review was to compare functional treatment with 

immobilization, and to compare different periods and types of immobilization, for the 

treatment of closed fifth metacarpal neck fractures in adults. The results are disappointing. 

Our a priori primary outcome measure, validated hand function, was not reported in any 

study. The small number of eligible studies and variation in outcome measures between 

studies meant that pooling of data was only feasible for a minority of secondary outcome 

measures. We also need to note that, although range of movement sounds like a validated 

and reproducible measure, that is not so. 
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Researchers measuring true fracture angulation have compared radiographs of the 

contralateral (uninjured) hand1 or subtracted a ‘normal’ angulation value7, most frequently 

quoted as 15 degrees. One problem with this approach is that the contralateral fifth 

metacarpal has not infrequently been fractured previously.9 The most valid reference value 

appears to be that derived by Braakman, who measured the metacarpal head/neck/shaft 

angle of fifth metacarpals in 225 cadaver hands on lateral and 30 oblique radiographic 

views.4 The subcapital-axis angulation (the angle measured most commonly by clinicians) 

was 14.6 degrees in the lateral view and 11 degrees in the oblique view, with a capital-

axis angle of 26 degrees. Age, gender and hand dominance did not affect the angle 

measured. It can be seen that there is 15 degree difference as to what constitutes normal 

angulation of the fifth metacarpal neck, dependent on which axis is chosen and on which 

radiographic view it is measured. To complicate matters further, Leung demonstrated 

poor intra- and inter-observer agreement on measured angulation by hand surgeons 

using agreed landmarks on plain radiographs.18

Particularly disappointing were the paucity of patient-related quality of life data using 

validated instruments, and the quality of data on outcomes of personal and social 

importance to the person with the fracture. Of the included studies, only Harding 

reported a case of skin damage, in a patient whose metacarpal brace rubbed on the 

ulnar border of his hand.12 Skin necrosis from metacarpal braces has been documented 

elsewhere.6;8;13;20 Not all the studies considered pain to be an important outcome measure. 

None documented the type or amount of analgesia taken. Furthermore, assessing pain at 

week six or 12 when the fracture has healed does not appear to be a particularly useful 

outcome measure. Although average pain was documented, pain in the first week and 

the number of times the injured area was unintentionally knocked, with resultant severe 

pain was not. Intuitively, this may be the main benefit of rigid support. 

Anand and Statius Muller noted that all participants had returned to work at three 

months but did not record a mean time to return, nor describe the occupational 

groups.3;22 Harding, who found that 34 of 37 participants treated with a metacarpal 

brace had returned to work by three weeks compared to only 8 of 28 participants treated 

with neighbour strapping, failed to describe patient occupations.12

No included study noted non-union, malunion or rotational deformity. It is known that 

non-union is rare, probably due to the impacted nature of the fracture. Only Kuokkanen 

documented time to union.17

Some methodological limitations of the included studies warrant mention. Notably, 

the CONSORT guideline for publishing of RCTs was not followed by any author. Few 

studies described treatment or control groups in detail and most employed the sealed 

envelope method of allocation concealment, which is considered sub-optimal. Blinding of 

treatment providers was accepted to be impossible, but blinding of outcome assessors, 

which was possible, was only performed by Kuokkanen and Statius Muller.17;22 No study 

clearly described the number or reason for patient exclusion prior to randomization, and 
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follow up proved a major handicap in three included studies.5;12;22 Patients with Boxer’s 

fractures are known for poor compliance with follow up arrangements.10 However, the 

data should be subject to intention to treat analysis. Of the 163 participants in the three 

studies mentioned, 15 participants (9%) were lost to follow up and not analysed in the 

treatment group assigned. Sensitivity analysis of these studies would not have allowed 

conclusions of particular treatment benefits to have been drawn.

Reviewers’ conclusions

Implications for practice
This review included no study that documented our primary outcome measure 

of interest, validated hand function. Therefore, no single treatment regimen can be 

recommended for all participants. However, certain interventions may offer advantages 

in outcome measures such as pain reduction or early return to work. ‘One size may not 

fit all’. The informed patient should decide if their personal priority is maximum pain 

reduction, earliest return to work or other outcome, and subsequently choose the 

intervention most likely to confer that benefit.

Implications for research
Fracture of the fifth metacarpal neck remains an exceedingly common injury with 

no consensus on optimum management. A multi-centre randomized controlled trial of 

multiple interventions is warranted. Large patient numbers will be needed to identify 

real differences between treatment regimes with respect to the incidence of uncommon 

complications such as non union and clinical rotation. Both intermediate-term and long-

term (12 to 24 months) follow up would be preferable. Outcome measures should include 

validated hand function scoring, daily pain scoring on validated scales, mean time of return 

to work, incidence of complications and the cost of each treatment regime. Both direct 

and indirect costs should be studied to be able to draw definitive conclusions on cost 

effectiveness of each intervention. Analgesia taken and occupational categories should 

be documented. Outcome assessors should be blinded to the treatment provided, and 

agreement on landmarks and radiographic views used to measure fracture angulation 

should be agreed a priori. 
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  1. randomized controlled trial.pt.
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  8. Animal/ not Human/
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13. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ 
or mask$)).tw.
14. Placebos/
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16. random$.tw.
17. Research Design/
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20. 19 not 9
21. or/9,20
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29. fracture$.tw.
30. or/28-29
31. and/27,30
32. and/21,31

  1. exp Randomized Controlled trial/
  2. exp Double Blind Procedure/
  3. exp Single Blind Procedure/
  4. exp Crossover Procedure/
  5. Controlled Study/
  6. or/1-5
  7. ((clinical or controlled or comparative or placebo or prospective$ or 
randomi#ed) adj3 (trial or study)).tw.
  8. (random$ adj7 (allocat$ or allot$ or assign$ or basis$ or divid$ or 
order$)).tw.
  9. ((singl$ or doubl$ or trebl$ or tripl$) adj7 (blind$ or mask$)).tw.
10. (cross?over$ or (cross adj1 over$)).tw.
11. ((allocat$ or allot$ or assign$ or divid$) adj3 (condition$ or 
experiment$ or intervention$ or treatment$ or therap$ or control$ or 
group$)).tw.
12. or/7-11
13. or/6,12
14. limit 13 to human
15. Metacarpal Bone Fracture/
16. boxer$ fracture$.tw.
17. or/15-16
18. little finger$.tw.
19. metacarp$.tw.
20. (fifth adj3 finger$).tw.
21. or/18-20
22. Fracture/
23. fracture$.tw.
24. or/22-23
25. and/21,24
26. or/17,25
27. and/13,26
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Table 2. Numbers of patients analyzed in each group

Study ID Anand 
1999

Braakman 
1998b

Harding 
2001

Kuokkanen 
1999

Statius 
Muller 2003

Number meeting inclusion criteria 60 50 73 29 40

Excluded before randomization nd nd nd nd 0

Number randomized in control group 28 25 42 15 20

Post randomization exclusion in control group nd nd nd nd 0

Number analyzed in control group 28 25 37 15 15

Number of dropouts in control group nd nd 5 nd 5

Number randomized in first treatment group 32 25 31 14 20

Post randomization exclusion in first treatment group nd nd nd nd 0

Number analyzed in first treatment group 32 23 28 14 20

Number of dropouts in first treatment group nd 2 3 nd 0

FOOTNOTE nd: not described

Table 3. Cross tabulation of interventions

Splinting 
with plaster 
of Paris with 
immobilization 
of both the MCP 
and wrist joint

Functional 
bracing 
with free 
movement 
in both the 
MCP and 
wrist joint

Functional 
taping 
with free 
movement 
in both the 
MCP and 
wrist joint

Elastic 
bandage 
with free 
movement 
in both the 
MCP and 
wrist joint

Neighbour 
strapping 
with free 
movement 
in both the 
MCP and 
wrist joint

Full dynamic 
treatment 
with no 
external 
support 
with free 
movement 
in both the 
MCP and 
wrist joint

Splinting with plaster of Paris 
with immobilization of both
 the MCP and wrist joint

x Braakman 
1998b

Anand 1999

Kuokkanen 
1999

Statius Muller 
2003

Functional bracing with free 
movement in both the MCP 
and wrist joint

x Harding 2001

Functional taping with free 
movement in both the MCP 
and wrist joint

Braakman 1998b x

Elastic bandage with free 
movement in both the MCP 
and wrist joint

Anand 1999 x

Kuokkanen 1999

Statius Muller 
2003

Neighbour strapping with free 
movement in both the MCP 
and wrist joint

Harding 2001 x

Full dynamic treatment with 
no external support with free 
movement in both the MCP 
and wrist joint

x
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Table 4. Results

Study ID Treatment group Patient satisfactionCosmetic 
appearance

Pain Fracture 
angulation

Anand 1999 Cast nd 20 of 21 patients 
satisfied

None of the patients 
at 3 months

Dorsal angulation 
post Rx 27° (5°-45° )

Compression 
bandage

nd All 28 patients 
satisfied

None of the patients 
at 3 months

Dorsal angulation 
post Rx 41° (15°-80°)

Braakman 1998b Cast Number of patients 
with subjective 
residual symptoms 
9 of 25.

nd nd Mean angulation 
(range): 27.4° (0°-
67°)

Tape Number of patients 
with subjective 
residual symptoms 
8 of 23.

nd nd Mean angulation 
(range): 24.7° 
(2°-46°)

Harding 2001 Metacarpal brace Overall satisfaction: 
fully satisfied 
6, satisfied 22, 
dissatisfied 9.

One patient 
complaint about a 
lump at the fracture 
side.

Mean pain score 
(possible range 0-3): 
0.6 (0-2)

nd

Neighbour strapping Fully satisfied 
5, satisfied 15, 
dissatisfied 8.

One patient 
complaint about a 
lump at the fracture 
side.

Mean pain score 
(possible range 0-
3):1.6 (0-3)

nd

Kuokkanen 1999 Cast nd nd nd Median (range) 
35° (10°-55°), at 4 
weeks 30° (10°-50°), 
at 3 months 29° 
(10°-50°)

Compression 
bandage

nd nd nd Median (range) 
48° (35°-60°), at 4 
weeks 42° (20°-60°), 
at 3 months 42° 
(20°-60°)

Statius Muller 2003 Cast At 6 weeks fully 
satisfied 60%, at 12 
weeks 80%.

nd At 6 weeks no pain: 
87%, at 12 weeks 
93%

nd

Compression 
bandage

At 6 weeks fully 
satisfied 60%, at 12 
weeks 80%.

nd At 6 weeks no pain: 
70%, at 12 weeks 
95%

nd

ABBREVIATIONS
nd: not described
Rx: treatment
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Table 5. Results (continued)

Study ID Intervention ROM in MCP joint Grip strength Skin damage Return to work

Anand 
1999

Cast Extensor lag at 3 months: 5 
degrees in 2 participants

At 6 weeks: 69% of 
normal (17 participants) 
At 3 months: 99% of 
normal (13 participants)

nd Return to pre-
injury status at 3 
months: 100% (21 
participants)

Compression 
bandage

Extensor lag at 3 months: 5 
degrees in 2 participants

At 6 weeks: 91% of 
normal (24 participants) 
At 3 months: 98% of 
normal (22 participants)

nd Return to pre-
injury status at 3 
months: 100% (28 
participants)

Braakman 
1998b

Cast At 1 week: extension deficit 
19 participants, flexion 
deficit 11 participants At 
4 weeks: extension deficit 
11 participants, flexion 
deficit 4 participants At 3 
months: extension deficit 6 
participants, flexion deficit 
2 participants At 6 months: 
flexion deficit 1 participant

The 50% recovery limit 
of power-grip and pulling 
strength was reached 
within four weeks in 52% 
of the participants.

nd nd

Tape At 1 week: extension deficit 
8 participants, flexion deficit 
2 participants No extension 
or flexion deficit at 4 weeks, 
3 and 6 months

Restoration of pulling 
strength was significantly 
better in the tape group 
after one and four weeks 
(P<0.001). The 50% 
recovery limit of power-
grip and pulling strength 
was reached within four 
weeks in all participants.

nd nd

Harding 
2001

Metacarpal brace Mean (range) ROM of MCPJ: 
active 78 (40-130), passive 
107 (70-150)

nd One participant Return to work by 
3 weeks: 92% (34 
of 37 participants)

Neighbour 
strapping

Mean (range) ROM of MCPJ: 
active 65 (20-90), passive 97 
(40-130)

nd None Return to work by 
3 weeks: 29% (8 of 
28 participants)

Kuokkanen 
1999

Cast ROM in degrees (range) 
at 4 weeks: 57 (10-100), 3 
months 90 (80-95)

Kg, fractured hand/
healthy hand: at 4 
weeks: 21 (10-50)/34 
(18-54) Kg, fractured 
hand/healthy hand: at 3 
months: 36 (26-54)/41 
(22-59)

None nd

Compression 
bandage

ROM in degrees (range) at 
4 weeks: 81 (45-90), at 3 
months 90 (80-95)

Kg, fractured hand/
healthy hand: at 4 
weeks 37 (20-54)/44 
(25-72), Kg, fractured 
hand/healthy hand: at 3 
months: 49 (30-69)/51 
(30-74)

None nd

Statius 
Muller 
2003

Cast Full ROM at 6 weeks: 67% 
Full ROM at 12 weeks: 93%

nd nd Return to work or 
hobby at 6 weeks: 
2 participants 
Return to work or 
hobby at 12 weeks: 
all participants

Compression 
bandage

Full ROM at 6 weeks: 70% 
Full ROM 12 weeks: 95%

nd nd Return to work or 
hobby at 6 weeks: 
2 participants 
Return to work or 
hobby at 12 weeks: 
all participants

ABBREVIATIONS
MCPJ: metacarpo-phalangeal joint
nd: not described
ROM: range of motion or movement
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Characteristics of included studies

Study Methods Participants Interventions

Anand 
1999

Quality assessment items and 
scores (see ‘Methods’ in text for 
further details):

Patients with fractures of the neck 
of the fifth metacarpal.

(1) Immediate mobilization with a bulky dressing.

A0

B0 (2) Immobilization with an ulnar gutter splint for 3 
weeks and attempt to reduction.

C0

D0

E0

F0

G1

H0

I1

J1

K1

Total score: 4

Braakman 
1998b

Quality assessment items and 
scores (see ‘Methods’ in text for 
further details):

Patients with fractures of the fifth 
metacarpal proximal, shaft and 
neck.

(1) Immediate mobilization with a tape splinting 
the fourth digit against the fifth, a broad circular 
strap was supporting the metacarpals.

A1

B1 (2) Immobilization with a U shaped ulnar gutter 
splint with the wrist in 45 degrees dorsiflexion, 
MCP joints in 90 degrees flexion and IP joint in 
0-10 flexion surrounding the fourth and fifth 
metacarpal for 4 weeks and attempt to reduction 
only in patients with rotational deformity, midshaft 
angulation exceeding 20 degrees, and subcapital 
angulation exceeding 50 degrees.

C0

D1

E0

F2

G1

H2

I2

J1

K2

Total score: 13

Harding 
2001

Quality assessment items and 
scores (see ‘Methods’ in text for 
further details):

Patients with minimally angulated 
(< 40 degrees) closed fractures of 
the little finger metacarpal neck 
with no rotational deformity or 
associated injury.

(1) Neighbour strapping with early active 
mobilization of the MCP and IP joints for 3 
weeks.

A2

B0 (2) Metacarpal brace heat moulded to the contours 
of the patient’s hand while the metacarpal head 
was supported and held in place by a bandage. 
Early active mobilization of the MCP and IP joints 
for 3 weeks.

C2

D1

E0

F0

G1

H1
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Outcomes Notes Allocation 
concealment

Angulation. Randomization based on 
medical record number

C

Cosmetic satisfaction.

Extensor lag.

Pain.

Return to pre-injury status.

Grip strength.

Volar angulation. B

ROM

Grip strength.

Pain 0-3 scale. A

Malunion.

Volar angulation.

Rotational deformity.

ROM

Patient satisfaction.

Skin damage.

Time to work.
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I1

J1

K0

Total score: 9

Kuokkanen 
1999

Quality assessment items and 
scores (see ‘Methods’ in text for 
further details):

Patients with closed subcapital 
fractures of the fifth metacarpal 
bone not exceeding more than 70 
degrees of angulation or deviation 
or rotation deformity.

(1) Immediate mobilization by an elastic bandage 
5 cm wide applied circumferentially and with 
slight compression from the MCP level to 10 cm 
above the wrist for one week.

A2

B2 (2) Immobilization after reposition and splinting as 
described by O’Brien. MCP joint was immobilized 
in 60 degrees flexion and the splint reached to 
the level of the PIP joint leaving the joint free for 
movement for 4 weeks.

C0

D1

E0

F0

G1

H2

I2

J1

K1

Total score: 12

Statius 
Muller 
2003

Quality assessment items and 
scores (see ‘Methods’ in text for 
further details):

Patients with subcapital fractures of 
the fifth metacarpal, except those 
angulated more than 70 degrees, 
older than 3 days, re-fractures, 
pathologic fractures and fractures 
with a rotation deformity.

(1) Immediate mobilization with a pressure 
bandage applied to splint the fourth and fifth 
metacarpals together with a broad circular 
bandage from the metacarpal level to 10 cm 
above the wrist. The patients were encouraged to 
move the fingers immediately and they removed 
the bandages after one week.

A2

B1 (2) Immobilization in an ulnar gutter cast 
applied with the wrist in 45 dorsiflexion and the 
metacarpal joints in 90 flexion. The cast was 
U-shaped and surrounded the fourth and fifth 
metacarpals for 3 weeks, no reposition.

C2

D1

E0

F2

G2

H2

I1

J1

K1

Total score: 15

ABBREVIATIONS AND ACRONYMS
IP: inter-phalangeal
MCP: metacarpo-phalangeal
ROM: range of motion
VAS: visual analogue score

Characteristics of included studies (continued)
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Non-union. A

Volar angulation.

ROM

Grip strength.

Time to union.

Skin damage.

Pain. A

ROM.

Patient satisfaction.

Volar angulation.
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Graph 1.01. Comparison 01 Functional (taping) vs immobilization (POP splinting with immobilization of MCP 
and wrist joint), Outcome 01 Not fully satisfied at final follow up

Graph 1.02. Comparison 01 Functional (taping) vs immobilization (POP splinting with immobilization of MCP 
and wrist joint), Outcome 02 Decreased range of motion

Graph 1.03. Comparison 01 Functional (taping) vs immobilization (POP splinting with immobilization of MCP 
and wrist joint), Outcome 03 Loss of grip strength

Analysis
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Graph 2.01. Comparison 02 Functional (compression bandage) vs immobilization (POP splinting with 
immobilization of MCP and wrist joint), Outcome 01 Not fully satisfied at final follow up (3 months)

Graph 2.02. Comparison 02 Functional (compression bandage) vs immobilization (POP splinting with 
immobilization of MCP and wrist joint), Outcome 02 Not satisfied with cosmetic appearance

Graph 2.04. Comparison 02 Functional (compression bandage) vs immobilization (POP splinting with 
immobilization of MCP and wrist joint), Outcome 04 Decreased range of motion

Graph 2.03. Comparison 02 Functional (compression bandage) vs immobilization (POP splinting with 
immobilization of MCP and wrist joint), Outcome 03 Pain
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Graph 2.05. Comparison 02 Functional (compression bandage) vs immobilization (POP splinting with 
immobilization of MCP and wrist joint), Outcome 05 Not returned to work at follow up

Graph 2.06. Comparison 02 Functional (compression bandage) vs immobilization (POP splinting with 
immobilization of MCP and wrist joint), Outcome 06 Radiological non union (3 months)
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Graph 3.01. Comparison 03 Functional (neighbour strapping) vs functional brace (bracing with free movement 
in MCP and wrist joint), Outcome 01 Not fully satisfied at final follow up

Graph 3.02. Comparison 03 Functional (neighbour strapping) vs functional brace (bracing with free movement 
in MCP and wrist joint), Outcome 02 Not satisfied with cosmetic appearance

Graph 3.03. Comparison 03 Functional (neighbour strapping) vs functional brace (bracing with free movement 
in MCP and wrist joint), Outcome 03 Skin damage

Graph 3.04. Comparison 03 Functional (neighbour strapping) vs functional brace (bracing with free movement 
in MCP and wrist joint), Outcome 04 Not returned to work at 3 weeks follow up
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Graph 4.01. Comparison 04 All functional vs all immobilization treatment, Outcome 01 Not fully satisfied at 
final follow up

Graph 4.02. Comparison 04 All functional vs all immobilization treatment, Outcome 02 Not satisfied with 
cosmetic appearance

Graph 4.03. Comparison 04 All functional vs all immobilization treatment, Outcome 03 Pain

Graph 4.04. Comparison 04 All functional vs all immobilization treatment, Outcome 04 Decreased range of 
motion
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Graph 4.05. Comparison 04 All functional vs all immobilization treatment, Outcome 05 Loss of grip strength

Graph 4.06. Comparison 04 All functional vs all immobilization treatment, Outcome 06 Not returned to work 
at follow up
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Background

Ankle fractures excluding pilon fractures, account for approximately 9% of all 

fractures with the majority being OTA type B injuries.6 Although surgeons generally 

treat undisplaced or minimally displaced injuries non-operatively and displaced fractures 

operatively, opinions diverge regarding the management of those displaced fractures with 

acceptable closed reduction. There is also debate about the use of biodegradable implants 

in operatively managed ankle fractures, the type and technique of fixation for operatively 

treated syndesmotic injuries as well as the approach to post-operative rehabilitation. 

Objective
We aimed to review the highest level of available evidence on the operative management 

of ankle fractures. We focused specifically on studies comparing 1) non-operative vs. 

operative management of displaced ankle fractures, 2) biodegradable vs. metal implants, 

3) syndesmotic fixation and 4) postoperative rehabilitation protocols.

Methods

Study Identification
Using the following search terms with Boolean operators (ankle OR malleoli or malleolus) 

AND fracture, we conducted the following searches limited to Humans and adults:

1. Computerized database searches of:

a. The Cochrane Database of systematic Reviews (4th Quarter 2006): 1 protocol for a 

review titled “Rehabilitation for ankle fractures in adults”

b. The Cochrane Central Register of Controlled Trials (4th Quarter 2006): 160 hits   

with 31 potentially relevant.

c. PubMed MEDLINE (1966 to April week 1 2006) using clinical queries services: 4245 

hits, using the Clinical Queries search strategy: 81 hits and 37 potentially relevant 

articles

d. EMBASE (1980 to April week 1 2006): 3181 hits and 28 potentially relevant 

articles.

2. Orthopaedic Trauma Association annual meetings’ abstracts archives website (1996 

– 2005): 3 potentially relevant abstracts

3. Reviews of bibliographies of eligible articles: 1 potentially relevant article

4. Content experts

Among 38 potentially relevant articles, 24 met the eligibility criteria for comparison 

of nonoperative versus operative management, biodegradable versus metal implants, 
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management of syndesmotic injuries and postoperative rehabilitation protocols.1-5;7-17;20-

23;25-28 We excluded observational studies . We chose to exclude one RCT comparing 

fixation of deltoid ligament tears and two unpublished abstracts—1 comparing two 

methods of fibular plating technique and the other comparing 1 versus 2 medial malleolar 

screw fixation.

We used Review Manager (RevMan.Version 4.2 for Windows) to calculate the 

magnitude of treatment effect. For continuous data we described treatment effect as 

the standardized mean difference (SMD). The SMD is the difference in means divided 

by standard deviation. This standard deviation is the pooled standard deviation of 

participants’ outcomes across the whole trial. The SMD has the important property 

that its value does not depend on the measurement scale.(http://www.cochrane-net.

org/openlearning/HTML/modA1-4.htm) Thus we used a SMD to convert all outcomes 

to a common scale, measured in units of standard deviations. For dichotomous data we 

calculated the Odds Ratios (OR) to describe the magnitude of the treatment effect. We 

calculated the OR with the premises to prevent bad outcome. For the SMD we used the 

fixed effect inverse variance model, if studies were not heterogeneous and the random 

effect model if studies were heterogeneous. For the OR we used fixed effect assumption 

and the Mantel-Haenszel risk ratio if studies were homogeneous and the random effect 

model if studies were heterogeneous.

Results

Highest Available Evidence
1. Operative versus non-operative: 5 randomized controlled trials (RCTs)

2. Biodegradable versus metal implants for malleolar injuries: 5 RCTs

3. Operative treatment of syndesmotic injuries: 3 RCTs 

4. Postoperative rehabilitation protocols: 12 RCTs

Operative versus Nonoperative
The characteristics and results of the studies are summarized in the appendix: tables 

2 and 3. We were able to pool functional scores using mean effect sizes for only 2 

studies (table 1).17;23 Overall, 157 fractures were treated operatively and 134 fractures 

were treated nonoperatively.5;17;20;22;23 All patients were skeletally mature and the age of 

patients ranged from 16-91 years. 

Operative fixation tended to reduced the risk of an adverse event compared to non-

operative treatment [Odds ratio= 0.68, 95% confidence interval (CI):0.39-1.2, p=0.08] 

(table 1). Two studies revealed divergent results in patient function—one favouring 

operative fixation and the other favouring non-operative treatment.17;23
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Biodegradable versus metal implants
The characteristics and results of the studies are summarized in the appendix: tables 4 

and 5. Overall 96 patients were randomized to bioabsorbable implants and 96 patients to 

metal implants.7;13;14;21;25 The bioabsorbable implant was in all cases a fibular rod. There 

was no significant difference in fracture types across studies. Bioabsorbable fixation 

tended to increase the risk of an adverse event by at least 2-fold compared to metal 

implants [OR=2.63 95% CI:0.35-19.63] in favour of metal implants (table 1). However 

the confidence intervals are wide and these studies had significant heterogeneity which 

undermines the validity of this estimate.

Four out of five studies used the same functional outcome measure (Olerud and 

Molander) however the lack of complete statistical data limited our ability to pool the 

results. None of these studies found a statistically significant difference in this outcome 

measure at final follow-up (final follow-up was 1 yr for 3 out of 5 studies). 

Syndesmotic Fixation
Two RCTs compared syndesmosis fixation with either a bioabsorbable screw or metal 

screw (see appendix: tables 6 and 7).15;26 We did not include these studies with the 

other studies on bioabsorbable implants as we felt they represented a more discrete sub-

population of patients. Overall 35 patients were treated with bioabsorbable screws and 

35 patients were treated with metal screws. Bioabsorbable syndesmosis fixation tended 

to decrease the risk of an adverse event (OR= 0.46, 95% %CI 0.08-2.72). However, the 

small sample sizes invariably suggest our estimate is underpowered. “Subjective results” 

revealed no significant difference between groups.

One RCT was identified that compared single 4.5 quadricortical fixation of the 

syndesmosis with two 3.5 tricortical screws (see appendix: tables 6 and 7).12 Sixty-four 

patients were randomized. Differences in favour of 2 tricortical screws were noted at 3 

months, however at one year the functional scores and pain between groups were not 

significantly different. 

Postoperative Rehabilitation of Operatively Treated Ankle Fractures
Twelve RCTs were identified, see appendix: tables 8 and 9 for characteristics and details 

of the studies. Eight studies compared early active range of motion with delayed range of 

motion.3;4;8;10;11;16;24;27 Three studies compared early cast protected weight bearing with 

delayed weight-bearing.1;2;28 Overall, in eight studies 212 patients were randomized to 

early range of motion and 207 were randomized to delayed range of motion. In the other 

3 studies, 90 patients were randomized to early weight-bearing and 90 patients were 

randomized to late weight-bearing. 

Point estimates of effect suggest that adverse events were more common with 

delayed weightbearing or range of motion (OR=3.42, 95% CI :0.49, 8.4). However there 

was significant heterogeneity across studies with 2 favouring early mobilization and 3 
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favouring delayed mobilization/weightbearing. Weighted means were compared between 

only three studies with poolable functional data and this showed a small trend towards 

functional outcome favouring early range of motion (table 1).9;16;27 Eight studies showed 

no significant difference in functional scores at 1-2 year follow-up between early motion 

or weight-bearing compared to late motion or weight-bearing.1;2;8;10;11;16;27;28 Two studies 

showed no significant difference as regards a return to work with early weight-bearing or 

range of motion10;28 and one study found a significantly quicker return to work with early 

mobilization (106.5 days compared to 53.8 days, p=0.007).9

Are the results of these studies valid?

Inferences from the current sample of RCTs is limited by lack of concealed 12studies did 

report the methods of randomization, no study discussed how or if randomization was 

concealed. Reports suggest that in trials where concealment is inadequately performed 

an increased estimate of benefit can be seen.18

Blinding in the conduct of RCTs can help to limit bias but it has been seen to be explicitly 

discussed in the methods of RCTs in leading medical journals less than 25% of the time.19

In keeping with this none of the studies discussed blinding. Only two studies used a clear 

intention to treat analysis protocol.5;12 That is, analyzing patients according to the group 

to which they were originally randomized. The majority of our pooled estimates were 

underpowered and subject to Type II errors. Sample sizes in the current group of RCTs are 

very small and limit inferences. 

Evidence Based Bottom Line 

Based upon the current available evidence, we report the following:

Operative versus Non-operative Treatment
Moderate evidence (Grade B): Evidence from RCTs with methodological limitations. 

In unstable or displaced ankle fractures for which an acceptable closed reduction is 

obtained:

Odds ratio of adverse events was in favour of operative management suggesting a 0.68 

fold risk of having an adverse event when fractures are treated with open reduction 

internal fixation.

One study suggests that in the elderly (>65) nonoperative management may give 

superior functional results.
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Two studies suggest that early results (<1yr) are in favour of operative management in 

terms of gait and range of motion but that at later follow-up (up to 7yrs) this difference 

is not significant.

Bioabsorbable versus Metal
Moderate evidence (Grade B): evidence from RCTs with methodological limitations. 

An approximately 2-fold decrease in adverse events was found favouring the use of 

metal implants.

No study found a significant functional difference between groups at final follow-up.

Syndesmotic Fixation
Moderate evidence (Grade B): Evidence from RCTs with methodological limitations. 

Two studies revealed no significant subjective patient differences at final follow-up

There is the potential for a 0.46-fold reduction in the risk of adverse events when using 

bioabsorbable screws.

No functional difference at one year was seen between 2, 3.5 tricortical syndesmosis 

screws as compared to 1, 4.5 quadricortical screw.

Postoperative Rehabilitation of operatively treated ankle fractures
Moderate evidence (Grade B): Evidence from RCTs with methodological limitations. 

Eight studies showed no significant functional difference at final follow-up (1-2yr) 

between those with early weight-bearing or range of motion compared to late weight-

bearing or range of motion.

There may be a trend towards improved functional outcome with early range of motion 

or weight-bearing.

Of the three studies assessing return to work, 

2 suggest a trend to earlier return to work with early weight-bearing or range of 

motion.

1 found a significantly earlier return to work with early weight-bearing or range of 

motion

Conclusion

Given the limitations of the current trials, it is difficult to determine clear recommendations 

for practice as regards the operative management of ankle fractures. Clearly large 

randomized trials need to be conducted using validated functional and clinical outcomes 

to help answer these questions.
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Table 2. RCTs comparing operative versus nonoperative treatment

Published studies N Treatment Men % age (yr) 

mean 

(range)

Makwana et al. 200143

A:  22

B:  21

A:  ORIF (variety of techniques). 6wk protected WB then 

FWB

B:  CRPP. 6wk protected WB then FWB

Allocated after satisfactory closed reduction, fracture types 

not stated

28 66 (55-81)

Salai et al. 2000 84

(35 randomized)

A:  49 (19 randomized)

B:  16

A:  ORIF

B:  CRPP

All were displaced closed trimalleolar fractures- allocated 

after satisfactory closed reduction

20 78.3(65-91)

Rowley et al. 1986 42

A:  20

B:  22 (2 crossover, 

data excluded)

A:  ORIF “standard AO technique”, 6wk BK plaster WBAT

B:  CRPP, long leg POP X 6wk WBAT

All were displaced ankle fractures requiring reduction

Randomization after an acceptable closed reduction

n/a n/a (19-70)

Bauer et al. 1985 92

A:  43 (1 crossover)

B:  49 (7 crossover)

A:  ORIF; “standard AO principles”; no cast NWB X 6wks

B:  CRPP; cast X6wks NWB

Only Weber A or B fractures but only type B fractures 

reported on

37 44(17-77)

Phillips et al. 1985 138

A: 23 

B: 26

C: 13

D: 9

Numbers of groups 

denote those followed, 

original group numbers 

not reported

A:  ORIF; “ASIF technique” ; NWB X 10wks; no cast

B:  CRPP; full leg cast X 6wks, NWB then below knee WB 

cast X 4wks

C:  ORIF; “ASIF technique”

D:  ORIF; medial malleolus fixation only and full leg cast

All fractures were closed SER grade 4 or PER grade 4 

(Lauge-Hansen); ; randomized after a satisfactory closed 

reduction

n/a 

CRPP= closed reduction plaster of Paris

ORIF=open reduction internal fixation

NWB=non weight baring

FWB=full weight baring

Table 1. Results of Statistical Pooling

218



Management of Displaced Ankle Fractures

10

Methods Comments

Computer generated randomization

No blinding 

No intention to treat analysis

No sample size calculation

Randomization not described

No blinding

No intention to treat analysis

No sample size calculation

Quasi-Randomization by chart number

No blinding

No intention to treat analysis

No sample size calculation

Random number list

No blinding

Intention to treat analysis done

No sample size calculation

Randomisation by sealed numbered envelope 

No blinding

Intention to treat analysis not done completely

Group A and B patients were randomized only after a satisfactory closed reduction

Group C and D patients were randomized only after an unsatisfactory closed reduction

Expertise-based trial design

Multiple post hoc subgroup analysis

No sample size calculation
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Table 3.  RCTs comparing operative versus nonoperative treatment

Published studies N Level of 

Evidence

Outcomes of Operative versus Non-operative

Makwana et al. 

2001

43

A:  22

B:  21

II 1. Inpatient stay A:  mean 6.7 days; B:  mean 2.6 days

2. Mean functional score (Olerud and Molander) A:  77 SD 25; B:  60 SD 

21  p=0.03

3. Mean score on Visual Analogue Scale; A:  14.1 SD 25; B:  13.8 SD 23 

p=0.19

4. Mean ankle Range of Motion in degrees cf. to other side;  A:  9; B:  16 

p=0.044

Salai et al. 2000 84

(35 randomized)

A:  49 

(19 randomized)

B:  16

II 1. American Orthopaedic Foot and Ankle society score;  A: 75.22+14.09; 

B: 91.37+8.96  p=0.001

2. cost of treatment 4.5X higher in group A 

Rowley et al. 1986 42

A:  20

B:  22 

(2 crossover, data 

excluded)

II 1. Group B (CRPP) was able to bear weight earlier and also regained 

normal movements and foot position sooner than group A.

Bauer et al. 1985 92

A:  43 

(1 crossover)

B:  49 

(7 crossover)

II 1. Inpatient stay:  A:  mean 9.5 days; B:  mean 5 days  p<0.05, S

2. “final range of motion” A:  mean 12 wks  B:  9 wks  p<0.01, S

3. Xray findings of arthrosis:  A:  72%  B:  65%  NS.

4. Clinical findings (change in malleolar circumference in relation to 

treatment); A:  0.41 SD 0.6, B:  0.3 SD 0.8 NS.

5. Differences in dorso-plantar flexion; A:  -4.3 SD 7.2, B:  -3.4 SD 9.3, 

NS.

6. Differences in weight-bearing dorsiflexion; A:  -4 SD 4.9, B:  -3.3 SD 

8.5, NS.

Phillips et al. 1985 49

A:  23

B:  26

II 1. Author devised score; A:  mean 127+2.9;  B:  mean 116.7+3.8; p<0.05

2. Author devised score; C:  mean 118.2+6.8; D:  105.6+12.4;  NS

Scoring system comprises clinical, anatomic and arthritis domains
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Complications

Group A: 86% anatomic reduction

1 wound infection

2 RSD

3 later hardware removal

Group B: 57% anatomic reduction

1 skin ulcer

8 loss of reduction

2 malunion

Group A:

16 hardware removal (14 symptomatic)

2 wound infections

Group B: None reported

Group A: Not stated

Group B:

2 loss reduction requiring ORIF

Group A: None stated

11 complained of pain and swelling

Group B:

4 deep infection (crossover patients who had an operation)

3 DVT

1 PE (nonfatal)

14 complained of pain and swelling+

Group A:

1 skin slough

Group B:

1 loss of reduction

2 pressure sores

Group C:

1 PE

1 superficial infection

Group D:

1 ankle fusion at 22mths
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Table 4.  RCT’s comparing implants for fixation of ankle fractures

Published studies N Treatment Men

%

age (yr) mean 

(range)

Springer et al., 1998 41

A: 22

B: 19

A: treatment with Biofix, bioabsorbable rods

B: treatment with metallic implants (AO technique)

53 41

(17-73)

Kankare, et al., 1996 37

A:  16 (2 

crossover)

B:  19

A:  treatment with bioabsorbable implants (polyglycolide); 

fibular fixation was with bioabsorbable rod.

B:  treatment with metallic implants (AO technique)

All patients were at least 65yrs and all had either Weber A 

or B type fractures.  

24 73

(65-90)

Kankare, et al., 1995 29

A:  16

B:  13

A:  treatment with bioabsorbable implants (polyglycolide); 

fibular fixation with bioabsorbable rod

B:  treatment with metallic implants (AO technique)

All were Weber A or B injuries.  All patients suffered from 

alcohol abuse.

72 46

(29-68)

Dijkema, et al., 1993 43 A:  treatment with bioabsorbable implants; fibular fixation 

with bioabsorbable rod

B:  treatment with metal implants (AO technique)

All fractures were Weber A or B closed injuries

N/A N/A

Rokkanen, et al., 1985 44

A:  22

B:  22

A:  treatment with bioabsorbable implants; fibular fixation 

with bioabsorbable rod

B:  treatment with metal implants (AO technique)

All fractures were Weber A or B closed injuries

N/A N/A
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Methods Comments F/U

% (mean)

No description of randomization method

No blinding

No intention to treat analysis

No sample size calculation 

100

No description of randomization method

No blinding

No intention to treat analysis

No sample size calculation

86

No description of randomization method

No blinding

No intention to treat analysis

No sample size calculation

41

No description of randomization method

No blinding

No intention to treat analysis

No sample size calculation

N/A

No desription of randomization method

No blinding

No intention to treat analysis

No sample size calculation

N/A
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Table 5. RCT’s comparing implants for fixation of ankle fractures

Published studies N Level of 

Evidence

Outcomes of bioabsorbable versus metal implants

Springer 1998 42

A: 22

B: 19

II 1. Functional scores (Olerud and Molander) at last follow-up (1yr); A: 

93.2 (35-100); B: 91.1(55-100)

1. Linear analogue scale given as percentage of normal at 1 yr FU; A:  

92%, B:  92%, statistics not given.

Kankare, et al., 1996 37

A:  16 (2 

crossover)

B:  19

II 1. Functional scores (Olerud and Molander) at last follow-up (1yr); A:  

87, B:  76, “nearly the same”  no statistics given.

Kankare, et al., 1995 29

A:  16

B:  13

II 1. Postoperative displacement; A:  8 B: 1, p=0.04

2. Functional score (Olerud and Molander) at final follow-up (1yr); A:  

99, B:  96, ns difference

High rate of failure in group A resulted in discontinuation of study.

Dijkema, et al., 1993 43

A:  23

B:  20

II 1. Functional score (Olerud and Molander);  A:  94.5, B:  90.4, statistics 

not given

2. Linear analogue scale given as percentage of normal; A:  89%, B:  

84%, statistics not given.

Final follow-up was on average 5.5 months.  

Rokkanen, et al., 1985 44

A:  22

B:  22

II 1.  Anatomic reduction achieved, A:  95%, B:  100%, ns difference
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Complications

Group A

1 CRPS

2 swelling at 2 yr FU

Group B

1 wound infection

1 wound infection after hardware removal

1 DVT

2 worsening of complaints

1 CRPS

2 swelling at 2yr FU

Group A

Small skin necrosis

1 displacement at 6 wks requiring reoperation

5, 2-4mm displacement at 3-6 wks not requiring reoperation

Group B

1 wound infection

Skin necrosis requiring reoperation

1 developed VF and died

2 malpositioned screws (1 intra-articular)

1 DVT

1 malunion

4, 2-4mm displacements at 3-6 wks not requiring reoperation

Group A

6 displacements requiring reoperation

2 displacements not requiring reoperation

4 superficial wound infection

1 deep wound infection

3 tranient tissue reactions

Group B

1 displacement not requiring reoperation

Group A

1 insufficient lateral fixation

1 intraoperative fracture from implant insertion

Group B

No complications

Group A

1 displacement not requiring reoperation

Group B

1 displacement not requiring reoperation
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Table 6. RCT’s addressing operative fixation of syndesmotic injuries

Published studies N Treatment Men

%

Kaukonen, et al., 2005 40

A:  18

B:  20

2 lost not 

stated from 

which group

A:  syndesmosis fixation with metal screw

B:  syndesmosis fixation with bioabsorbable screw (polylevolactic acid)

All fractures were uni, bi or triamalleolar Weber B or C injuries

58

Thordarson, et al., 2001 32

A:  17

B:  15

A:  treatment of syndesmosis with  bioabsorbable screw

B:  treatment of syndesmosis with  stainless steel screw

All patients had standard stainless steel fixation of a fibula fracture and 

were seen to have continued syndesmotic instability requiring fixation.  

All fractures were pronation-lateral rotation injuries

78

Hoiness, et al., 2004 64

A:  34

B:  30

A:  Two 3.5mm tricortical syndesmosis screws

B:  One 4.5mm quadricortical syndesmosis screw

All ankles had a widened syndesmosis, if a plate was used to fix a fracture 

and was placed close to the syndesmosis, the syndesmosis screws were 

placed through the plate  

50
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age  (yr) 

mean (range)

Methods Comments F/U% (mean)

44

(16-72)

Randomization was with sealed envelopes

Treatment-blinded clinical and radiographic control

No independent outcome assessor

No intention to treat analysis done

No sample size calculation

95

29 Randomized by sealed envelope

No blinding

No intention to treat analysis

No sample size calculation

75

4 from group A

4 from group B

42 Randomization performed, open-labeled, drawing 

closed, randomly mixed envelopes from blocks of 

40 and 30.

Sample size calculation done based on power 

requirement of minimum 80%

Intention to treat protocol followed

Independent assessor for radiographs not for 

clinical assessments

Clear description of all methods given

100
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Table 7. RCT’s addressing operative fixation of syndesmotic injuries

Published studies N Level of 

Evidence

Outcomes

Kaukonen, et al., 2005 40

A: 18

B: 20

2 lost not 

stated 

from which 

group

II 1. Absolute dorsiflexion at final follow-up (mean 35 months); A: 25.2 SD 

13.4, B: 22.2 SD 10.0.

2. Absolute plantarflexion at final follow-up (mean 35 months); A: 45.4 

SD 6.4, B: 45.9 SD 8.4.

3. Subjective results revealed no significant difference between groups, 

data not provided

Comment: statistics were given based on differences compared to 

uninjured side with no statistically significant differences between groups.

Thordarson, et al., 2001 32

A: 17

B: 15

II 1. Subjective complaints (questionnaire given but not described); no 

difference seen between groups

2. Range of Motion; A: 10 degrees dorsiflexion – 38 degrees 

plantarflexion, B: 8 degrees dorsiflexion – 45 degrees plantarflexion, ns 

difference 

3. Radiographs; A: medial clear space mean 3.2mm, B: medial clear space 

mean 3.3mm, ns difference

Average follow-up was 11 months postoperative

Hoiness, et al., 2004 64

A: 34

B: 30

I 1. Functional score at 3 month follow-up (Olerud and Molander); A: 77 

SD 16.1, B: 66.3 SD 20.1, S difference, p=0.025, CI 1.4-20.0.

2. Functional score at 1 yr final follow-up; A: 88.8 SD 14.6, B: 83.3 SD 

18.6, p=0.192, CI 2.8-13.8.

3. Dorsiflexion difference as compared to normal ankle at 3 months 

group A better by mean of 2.8 degrees, p=0.296, CI -0.43-10.9.

4. dorsiflexion difference at 1 yr; group A better by mean of 1.3 degrees, 

p=0.493, CI -2.6-5.2.

Comment on 3 and 4: there was no statistically significant difference 

between the actual dorsiflexion at 3 months (A: 29.2 degrees SD 8.7, B: 

28 degrees SD 7.9, p=0.573) or at 1 yr (A: 35.5 degrees SD 7.9, B: 33.8 

degrees SD 6.8, p=0.375).
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Complications

Group A

1 wound infection after removal of metal syndesmosis screw

Group B

3 palpable screw remnants

2 of above 3 screws removed due to local irritation

Group A

1 deep infection requiring reoperation

Group B

1 deep infection requiring reoperation

1 superficial infection resolved with oral antibiotics

Group A

1 loss of reduction of the syndesmosis after 1yr

1 reoperation for deep infection

1 reoperation for syndesmosis malreduction

1 screw too long

1 postoperative drop foot

4 reduction of joint space less than 50% after 1 yr.

5 broken screws (in 3 pts)

3 screw removals (in 2pts)

3 routine removal all implants

Group B

5 loss of reduction of the syndesmosis after 1 yr

3 reoperations for deep infection

1 reoperation for syndesmosis malreduction

2 superficial wound infections

5 reduction of joint space less than 50% after 1yr

3 routine removal of all implants
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Table 8. RCTs comparing postoperative rehabilitation protocols

Published studies N Treatment Men %

Lehtonen, et al., 2003 100

A:  50

B:  50

A:  Immobilization with below knee cast, partial weight-bearing starting at 2wks

B:  early mobilization in a functional ankle brace, partial weight-bearing starting 

at 2 wks.

All injuries were operatively treated unstable or displaced Weber A or B fractures 

using AO/ASIF technique

56

Egol, et al., 2000 60

A:  30

B:  30  

A:  Fibre-glass short-leg cast on 3rd or 4th postoperative day

B:  Removable functional brace on 3rd or 4th postoperative day and active and 

passive exercises of the ankle and subtalar joint instituted

Both groups were non-weightbearing for a minimum of 6wks.  95% of the 

injuries were Weber B type fractures

42

Van Laarhoven, et al., 

1996

81

A:  41

B:  40

A:  Below knee walking plaster

B:  non- weight bearing mobilization

All initially treated surgically, Weber A, B and C fractures

56

Dogra, et al., 1999 52

A:  26

B:  26

A:  NWB and active ankle ROM X 2wks then WBAT in BK cast X4wks

B:  NWB plaster slab X 2wks, then WBAT in BK cast X 4wks

48

Tropp, et al., 1996 30

A:  15

B:  15

A:  Hinged ankle brace, WBAT with ankle dorsiflexion and plantar flexion 

encouraged

B:  Plaster cast X 6wks, WBAT

All were operatively treated Weber B or C fractures

n/a

Hedstrom, et al., 1994 53

A:  25

B:  28

A:  WBAT in walking cast 

B:  WBAT in orthosis, performed ROM minimum 5X per day

All operatively treated SER, PER or PAB injuries (Lauge-Hansen)

45

Ahl, et al., 1993 40

A:  19

B:  21

A:  NWB using dorsal splint

B:  WB using an orthosis

After the first week, all were encouraged to move the ankle at least 5X/day

18

Finsen et al., 1989 56

A:  18

B:  19

C:  19

A:  plaster splint X3days then removed and active ankle ROM, NWB X6wks then 

full WB

B:  plaster cast, NWB X 6wks then full WB

C:  plaster cast, WB X 6wks then full WB

All ankles were operatively treated Weber A, B or C

38
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age  (yr) mean 

(range)

Methods Comments F/U

% (mean)

41

SD 13

randomization using sealed envelopes

independent outcomes assessor

no intention to treat analysis

no discussion of blinding

no sample size calculation

88

A:  45.5

(16-74)

B:  39.5

(15-77)

randomization method not described

independent observer administered questionnaire 

at on year

no intention to treat analysis

no discussion of blinding

no sample size calculation

58

36

(15 – 77)

Randomization by odd or even date of accident

No blinding

intention to treat analysis done

No sample size calculation

98

42,7

(18-65)

randomization by opaque envelope

blinded outcomes assessor

intention to treat analysis done

No sample size calculation

100

n/a no discussion of randomization protocol

no discussion of how many per treatment group 

was inferred from results

no blinding

no intention to treat analysis

No sample size calculation

Not discussed

43

(15-71)

randomization by sealed envelope

no blinding

no intention to treat analysis

No sample size calculation

87

55

(20-76)

no discussion of randomization protocol

no blinding

no intention to treat

groups compared with other groups from previous 

study by same author

No sample size calculation

93

42 no discussion of randomization method

no blinding

No sample size calculation

No intention to treat

75
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Ahl, et al., 1988 51

A:  25

B:  26

A:  Active ankle movements and NWB in backslab splint

B:  Active ankle movements and weight bearing using an orthosis

All ankle fractures were displaced lateral malleoli that had been treated with 

open reduction internal fixation.

49

Ahl, et al., 1987 53

A:  25

B:  28

A:  early weight bearing from first posteroperative day

B:  late weight bearing from 4th postoperative week

Below the knee cast used for 7 wks for both groups.

30

Ahl, et al., 1986 46

A:  24

B:  22

A:  early weight bearing from first postoperative day with below knee cast

B:  late weight bearing from 4th week postoperative with below knee cast

All fractures were operatively treated ankle fracture-dislocations.  Patients 

remained casted for 7 weeks.  Fixation was with cerclage, staples and k-wires

48

Sondenaa, et al., 1986 43

A:  23

B:  20

A:  plaster cast, NWB X 6wks then WBAT no cast

B:  plaster slab X 3days, then active ROM and NWB X6wks, then WBAT

42

Table 8. RCTs comparing postoperative rehabilitation protocols (continued)

Published studies N Treatment Men %
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43

(18-74)

no discussion of randomization method

no blinding

no intention to treat

results from this study were pooled with results 

from a previous study to obtain outcome data.

Patient numbers reported in data tables are 

discordant with percent lost to follow-up.

Subgroup of patients were used for roentgen 

stereophotogrammetric analysis

No sample size calculation

98

(84 % from patient 

numbers in data sets)

57 No discussion of randomization method

No blinding

No intention to treat

Subgroup of patients were used for roentgen 

stereophotogrammetric analysis

No sample size calculation

92

44 Randomization by sealed envelope

No blinding

No intention to treat analysis

Roentgen stereophotogrammetric analysis 

performed in subgroup (26 patients)

No sample size calculation

96

36

(16-66)

No description of randomization method

No blinding

No intention to treat analysis

No sample size calculation

Not discussed

age  (yr) mean 

(range)

Methods Comments F/U

% (mean)
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Table 9. RCTs comparing postoperative rehabilitation protocols

Published studies N Level of 

Evidence

Outcomes of Postoperative Rehabilitation Protocols

Lehtonen, et al., 2003 100

A: 50

B: 50

I 1. Clinical exam at final follow-up (2yr):

Swelling; A: 9 SD 9, B: 6 SD 11, NS 

Plantar flexion (degrees); A: 71 SD 22, B: 65 SD 8, NS

Dorsiflexion (degrees); A: 14 SD 5, B: 14 SD 5, NS

2. Functional score final follow-up (2yr):

Olerud and Molander; A: 87 SD 8, B: 87 SD 9 

Kaikkonen; A: 85 SD 9, B: 83 SD 10, NS

There was no statistically significant difference between groups seen at 

any time of follow-up evaluation (6wk, 12 wek, 1yr and 2 yr). P-values 

not given.

Egol, et al., 2000 60

A: 30

B: 30

II 1. Mean ankle score (Mazur, Schwartz and Simon) at final follow-up (1yr): 

A: 90.2 SD8.7, B: 93.1 SD 8.0, NS

2. SF-36 at final follow-up (A: 18pts, B: 17pts): Significant difference only 

in Vitality and General Perception domains, statistics not given

3. Return to work, A: 106.5 days, B: 53.8 days, p=0.007

Statistically significant differences in mean ankle score were found at 6 

wks only. Follow-up was at 6, 12, 26 and 52wks. 

Van Laarhoven, et al., 

1996

81

A: 41

B: 40

II 1. linear analogue scale: A: 90 B: 90 at one year, small difference at 6wks 

A: 70, B: 60, p=0.03.

2. subjective ankle score: A: 95, B: 95 at one year, small difference at 6 

wks, A: 65, B: 50, p=0.02.

3. Return to work: A: mean 78 days B: mean 79 days

4. Radiology: A: good or anatomic at final review, B: good or anatomic at 

final review (one year)

Dogra, et al., 1999 52

A: 26

B: 26

II 1. ROM; Dorsiflexion as mean loss compared to the other side, A: 8.65 SD 

6.57, B: 9.04 SD 4.69, p=0.8 (12 week final follow-up)

2. ROM; Plantarflexion as mean loss compared to the other side, A: 12.31 

SD 5.33, B: 12.69 SD 7.1, p=0.8 (12 week final follow-up)

3. Mean Olerud Score; A: 46.2, B: 43.4, NS (12 week final follow-up),

4. Visual Analogue Scale; A: 2.8, B: 3.0, NS

Tropp, et al., 1996 30 II 1. Modified Olerud score at 10 wks, A: 77+19, B: 70+21, NS, at 12 months, 

A: 92+10, B: 88+22, NS 

2. After 12 months Dorsiflexion, A: 24+8, B: 20+7, statistically significant 

difference p<0.05 

3. After 12 months Plantarflexion, A: 48+9, B: 46+14, NS
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Complications

Group A:

4 superficial wound infections treated with oral antibiotics

2 deep vein thromboses

1 chronic skin irritation

1 chronic dysesthesia of the skin

Group B:

16 superficial wound infections treated with oral antibiotics

4 deep wound infections treated with intravenous antibiotics

3 wound dehiscence

3 chronic dysesthesias

2 chronic skin irritation

1 local skin necrosis

1 chronic allodynia

1 loss of internal fixation

1 refracture from new inversion injury

1 postspinal headache

Group A

1 PE treated with intravenous heparin then warfarin for 3mths

Group B:

No complications

Group A:

4 superficial wound infection

1 wound dehiscence

Group B:

2 superficial infection

1 osteitis

1 wound dehiscence

also 3 cases of secondary dislocation, 2 cases Sudek’s atrophy and 1 

delayed union – which group not reported

1 case of superficial wound infection

not stated which group

Group A:

6/15 failed syndesmotic staples at 6 wks

4 inadequate initial reduction

Group B:

4 inadequate initial reduction
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Hedstrom, et al., 1994 53

A: 25

B: 28

II 1. Linear analogue scale at final follow-up 18mos (normal=0, disable=100); 

A: 6, B: 6, NS (difference favouring orthosis at 3 mth follow-up only)

2. Ankle Score; A: 88, B: 100 NS (no difference at any time point, 3, 6 or 

18 mth)

3. arthrosis, A: 0, B: 4, NS

4. Loaded Dorsal flexion at final follow-up (18 mths); A: 94 SD 8, B: 91 SD 

12, NS

5. Loaded plantar flexion at final follow-up; A: 96 SD 5, B: 95 SD 8, NS

Ahl, et al., 1993 40

A: 19

B: 21

II 1. Ankle Motion: both groups had dorsal flexion exceeding 10 degrees 

and plantar flexion exceeding 20 degrees

2. Arthrosis at final follow-up (18mos); A: 3 patients, B: 3 patients

Finsen et al., 1989 56

A: 18

B: 19

C: 19

II 1. Total Score at 2 yr final follow-up (demerit points assigned according to 

modified Weber scale); A: 0.8 SD 0.8, B: 0.5 SD 1.2, C: 1.1 SD 1.6

2. Time lost from work; A: 9.5 weeks, B: 13.8 weeks, C: 12.9 weeks, NS

Ahl, et al., 1988 51

A: 25

B: 26

II 1. Linear analogue scale; better for group B p=0.04 (no scale results given)

2. Range of Motion at 3 months; A: 73% of uninjured side, B: 81% of 

uninjured side, p=0,03

3. Range of Motion at 6 months; A: 84% of uninjured side, B: 87% of 

uninjured side, ns difference 

Ahl, et al., 1987 53

A: 25

B: 28

II 1. modified Olerud and Molander patient score; no difference at 6 wks 

(data not given)

2. Range of Motion, Loaded dorsal flexion at final follow-up (6mths); A: 

77% of uninjured side, B: 69 % of uninjured side, no significant difference

3. Range of Motion loaded plantar flexion at final follow-up, A: 85, B: 87, 

no significant difference

Ahl, et al., 1986 46

A: 24

B: 22

II 1. Range of Motion, loaded dorsal flexion at final follow-up (6mths); A: 

86% of uninjured side, B: 82% of uninjured side, ns difference

2. Range of Motion, loaded plantar flexion at final follow-up (6mths); A; 

88% of uninjured side, B: 89% of uninjured side, ns difference

3. linear analogue scale (Olerud and Molander 1984) “no difference” 

between groups A and B (data not provided)

4. RSA analysis in subgroup showed small movements in ankle (0.3 -1.6 

mm) during trial period, no difference between groups

Sondenaa, et al., 1986 43

A: 23

B: 20

II 1. Range of Motion, exact data only provided for 6 wk time point when a 

difference between A and B was noted. At final follow-up (1yr) there was 

no difference between groups.

2. Pain; data not provided and no statistical analysis done but at 6, 12 and 

18 wks group A had more pain than group B. At final follow-up there was 

no difference between groups

Table 9. RCTs comparing postoperative rehabilitation protocols (continued)

Published studies N Level of 

Evidence

Outcomes of Postoperative Rehabilitation Protocols
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Group A:

1 superficial wound infection

Group B:

2 superficial wound infections

3 superficial wound infections

1 local wound necrosis

Not stated which group

1 skin irritation (Group B)

1 deep infection

2 superficial infections

3 patients had superficial infections after hardware removal

Not stated which groups they were in

1 swelling and blistering in cast group C

Postoperative residual displacement of lateral malleolus found in 7 ankles 

(group distribution not mentioned)

Group A

6 superficial wound infections

1 redislocation

Group B

2 superficial wound infections

Group A

none reported

Group B

2 cases of late re-dislocation

Complications
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Background

The incidence of femoral fractures in children comprise 20 per 100,000 yearly in the USA 

and Europe.7;23;31;37 The treatment of femoral shaft fractures in the pediatric population 

remains controversial. The child’s age often directs the management. Nonoperative 

treatment options include functional treatment for the very young, Pavlic harness, skin or 

skeletal traction, and spica casting. Operative treatment options include closed reduction 

and external fixation, open reduction and internal plate fixation, closed reduction and 

minimally invasive plate osteosynthesis (MIPO) and closed reduction and intramedullary 

nailing with either flexible or rigid nails. The effect of operative versus non-operative 

treatment has been the focus of several comparative studies.

Objective
To determine the effect of different treatment options on the rate of union, malunion, 

leg-lentgh discrepancy (LLD), complications, and outcome after femoral shaft fractures in 

children.

Methods

Eligibility Criteria
Studies that included the outcomes of femoral shaft fractures in the peadiatric age group 

(0-18 years) were eligible for this systematic review. Only studies with a minimum of 10 

patients were included. Studies had to describe two treatment groups in same age patients. 

Stress fractures and pathological fractures were excluded. Fractures had to be diaphyseal, 

excluded were fractures of the metaphysis, epiphysis, or involvement of a joint.

Study Identification
Using the following search terms with Boolean operators, we conducted the following 

searches limited to Humans & Children (ages 0-18):

1. Computerized database searches of:

a. The Cochrane Database of Systematic Reviews (1st Quarter 2006): 27 hits with one 

potentially relevant review “(femur* OR femoral*) AND fracture* AND (child* OR 

pediat* OR paediat*)”

b. The Cochrane Central Register of Controlled Trials (1st Quarter 2006): 21 potentially 

relevant clinical trials.

c. PubMed (MEDLINE) (1966 to January Week 10 2006): We used clinical queries 

feature with a broad search for “(femur* OR femoral*) AND (shaft* OR diaph*) 

AND fracture* AND (child* OR pediat* OR paediat*)” resulted in 108 hits of which 

26 potentially relevant articles. Furthermore, we searched for systematic reviews 
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with “((femur* OR femoral*) AND (shaft* OR diaph*) AND fracture* AND (child* 

OR pediatric OR paediatric)) AND systematic[sb]”. This resulted in 7 hits with one 

potentially relevant article.

d. EMBASE (1966 to 2006 Week 10): We used the best sensitivity combination strategy 

to identify as complete a set as possible of relevant randomized trials.4((femur$ or 

femoral$) and (shaft$ or diaph$) and fracture$ and (child$ or pediat$ or paediat$)).mp. 

and (random:.tw. or clinical trial:.mp. or exp health care quality/) [mp=title, abstract, 

subject headings, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer name] 109 hits with 27 potentially relevant articles. 

2. Orthopedic Trauma Association annual meetings’ abstracts archives website (1996 

– 2006): 10 potentially relevant abstracts (8 podium and 2 posters presentations).

3. Reviews of bibliographies of eligible articles: 8 potentially relevant articles

4. PubMed Related Articles search for Wright 2000: 3 additional potentially relevant 

articles

5. Content experts: M.S. Kocher and R.K. Marti.

Data Abstraction
The following data were extracted from the identified manuscripts: level of evidence, 

fixation technique, type of non-operative management, sample size, and age. Moreover, 

the following outcome parameters were extracted:

1. Number of patients with a nonunion.

2. Number of patients with a malunion.

3. Number of patients with a leg length discrepancy more then 2 centimeters.

4. Number of patients needing a secondary (surgical) procedure.

5. Total of reported adverse events 

6. Day’s of hospital stay.

All outcome parameters were scored for the following ages:

1. Infant (0-23 months)

2. Pre school (2-5 years)

3. Child (6-12 years)

4. Adolecent (13-18 years)

Data Analysis
Most femur fractures in the pediatric age group heal uneventfully; therefore our 

outcome of interest was adverse events. These included: refracture, malunion as defined 

by the authors, nonunion, infection, additional procedures both surgical and non surgical 

like casting, leg length discrepancy (LLD), avascular necrosis of the femoral head, and 

other complications. What adverse outcome is more important is arbitrary and may be 

experienced different by separate patients. 
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Outcomes were stratified by types of treatment, including: early spica casting, external 

fixation, and intramedullary fixation. To facilitate data analysis we collapsed multiple 

groups where appropriate, e.g. cast and traction into nonoperative and nail and plate 

into operative treatment. Furthermore we grouped all studies that compared operative 

treatment with nonoperative treatment. Weighted mean percentages and Odds Ratios 

(OR) with 95 percent confidence intervals (95%CI) were calculated. Additionaly, Numbers 

Needed to Treat (NNT) and Numbers Needed to Harm (NNH) were calculated for each 

outcome when appropriate.

Results

Highest Available Evidence
1. Non-operative treatment 

a. Early spica casting versus traction -1 systematic review, 2 prospective cohort studies, 

and 5 retrospective cohort studies

2. Operative versus non-operative treatment

a. External fixation versus early hip spica casting - 2 RCTs and 1 systematic review, 3 

cohort studies

b. Intramedullary nailing versus traction and and or subsequent casting – 6 cohort 

studies

3. All types of operative treatment versus nonoperative treatment: 2 RCT’s, one systematic 

review, 1 prospective cohort study, and 17 retrospective cohort studies 

4. Comparison of different operative treatments

a. External fixation versus flexible intramedullary nails – 1 RCT

b. Dynamic versus static external fixation – 1 pseudo RCT

Thus, the available evidence reviewed included 3 randomized controlled trials, 1 

systematic review, and 30 cohort studies comparing two types of treatment.

Overall Outcomes
A total of 2,422 patients were included in 33 studies (Table1).1-3;8;9;11;13-22;24-26;28-30;32-

36;38-40;42-44

Non-operative treatment 
Early spica casting versus traction

No RCTs were identified. Two prospective case series with control group and five 

retrospective case series with control group compared early application of a spica cast with 

traction. Considering prospective studies, no difference was found between early casting 

and traction (Figure 1). In retrospective studies, early application of a spica reduces the 
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total adverse events. Furthermore using early application of a spica cast reduces the total 

days of admission in hospital. No difference was found for LLD and secondary surgical 

procedures.

Figure 1. Pooled results for studies for early spica treatment compared with traction

Operative versus non-operative treatment
External fixation versus early hip spica casting

One of the RCTs40 comprised of a subset of patients publiblished as the larger RCT42,

hence the findings of the larger trial were used in this systematic review. The OR to 

develop a malunion after external fixation compared to early spica casting was 0.24 

(95%CI 0.09, 0.62). Translated into NNT: Four patients need to be operated to prevent 

one malunion. The other outcomes: LLD, secondary procedures, and total adverse events 

(including refractures) were not significantly different between the two groups illustrated 

by the 95% confidence intervals crossing 1 (Figure 2). 

Figure 2. Comparison of treatment effects for operative versus nonoperative treatment from RCTs and 
Observational Studies
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Intramedullary nailing versus traction and and or subsequent casting

Pooling of six cohort studies revealed less malunions (OR 0.39 95%CI 0.21, 0.71), no 

LLD, and less total adverse events (OR 0.47 95%CI 0.27, 0.80) in the IM nail group. All 

studies reported removal of the IM nails; these data were not used in the secondary 

procedures calculations.

All types of operative treatment versus nonoperative treatment

One RCT, as discussed before (external fixation versus early spica casting), showed 

favourable results for external fixation to prevent malunion.42 The grouped cohorts 

studies comparing operative versus nonoperative treatment showed comparable results 

to prevent malunion (OR 0.54 (95%CI 0.36, 0.81)) (Figure 2). All studies reported removal 

of the IM nails; these data were not used in the secondary procedures calculations or 

total adverse events. Operative treatment gave lesser total adverse events than non-

operative treatment (OR 0.74 (95%CI 0.57, 0.97)). These findings should be interpreted 

with caution since the results may be biased due to the trials’ methodology.

Comparison of different operative treatment options
External fixation versus flexible intramedullary nails 

One small RCT described 3 malunions out of 10 fractures treated with external fixation, 

compared to no malunions in the 10 fractures in the flexible intramedullary nail group (OR 

0.10 (95%CI 0.00, 2.28)).2 LLD more than 2 cm was not found in either group. The total 

number of adverse events was 4 in the flexible nail group and 5 in the external fixation 

group (OR 0.67; (95%CI 0.11, 3.92)). 

Dynamic versus static external fixation

One pseudo-randomized trial, using medical record numbers to allocate patiens, 

described 21 patients treated with a dynamic external fixator compared to 28 patients 

treated with a static external fixator.15 Static external fixation had a higher total adverse 

event rate (4 versus 15, OR 0.20 (95%CI 0.05, 0.76)).

Are the Results of these Studies Valid?

Of the 4 identified RCTs, one was of good quality.42 One systematic review was not 

able to include RCTs at that time and reported prospective and retrospective cohort 

studies were 2 or more forms of treatment were compared in the same center.41 We 

include 14 of the 15 studies from this previous systematic review in the current analysis. 

Furthermore we included 30 cohort studies comparing 2 or more forms of treatment. The 

conclusions that can be drawn from these non-randomized studies are limited; the results 

are potentially biased by the different indications for the different surgical interventions or 
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nonoperative management. The method of treatment allocation was often not concealed 

and was based on different time periods, alternative weeks, different hospitals, surgeon’s 

preference, and failure of nonoperative management. Selection bias could have included 

easier cases in the surgical group. 

Evidence Based Pearl: Level of evidence and treatment effect
Randomized trials and Observational studies on similar topics have been known to 

have differing results. Figures 1 and 2 suggest differing estimates of treatment effect 

depending on the study design. Non-randomized studies evaluating internal fixation 

versus arthroplasty have been reported to overestimate the risk of mortality following 

arthroplasty by 40% compared with RCTs.6. Although some authors report the similarity 

of results in RCTs and observational studies5;12, Chalmers et al. reported that 56% of non-

randomized studies have shown positive treatment effects, whereas only 30% of blinded 

RCTs on similar topics have been positive.10 Similarly, Kunz and Oxman showed both 

underestimation and overestimation in non-randomized trials compared with RCTs.27

Evidence-Based Bottom Line

Based on the current available evidence we report the following:

Non-operative treatment
Early spica casting versus traction

Moderate evidence (Grade B) from 1 systematic review, 2 prospective cohort studies, 

and 5 retrospective cohort studies: 

 o Early spica casting reduces adverse events

 o Early spica reduces total inpatient hospital days.

Operative versus non-operative treatment
External fixation versus early hip spica casting

Good evidence (Grade A) from 2 RCTs and 1 systematic review, 3 cohort studies

 o External fixation reduces malunion rate (OR 0.24 (95%CI 0.09, 0.62))

Intramedullary nailing versus traction and and or subsequent casting

Moderate evidence (Grade B) from 6 cohort studies:

 o Intramedullary nailing results in less malunions (OR 0.39 95%CI 0.21, 0.71)

 o Intramedullary nailing has less total adverse events (OR 0.47 95%CI 0.27, 0.80)

All types of operative treatment versus nonoperative treatment

Good to moderate evidence (Grade A to B) from 2 RCT’s, one systematic review, 1 

prospective cohort study, and17 retrospective cohort studies.

 o Operative treatment reduces malunion rate (OR 0.54 (95%CI 0.36, 0.81)).
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 o Operative treatment reduces total adverse events (OR 0.74 (95%CI 0.57, 0.97)).

Comparison of different operative treatment options
External fixation versus flexible intramedullary nails 

Moderate evidence (Grade B) from 1 small RCT wiyh methodological limitations:

 o Flexible interamedullary nails reduce malunion rate (OR 0.10 (95%CI 0.00, 2.28)). 

 o Flexible interamedullary nails reduce total adverse event rate (OR 0.67; (95%CI 0.11, 

3.92)).

Dynamic versus static external fixation

Moderate evidence (Grade B) from 1 small pseudo RCT:

 o Dynamic external fixation had lower total adverse events rate OR 0.20 (95%CI 0.05, 

0.76)).

Conclusion

Independent of the treatment approach the non-union rate for these fractures is 0.2% 

and the malunion rate is 10.3%. Early spica casting reduces adverse events and hospital 

stay compared with traction. Operative treatment reduces malunion rate. We did not 

find a significant difference in leg-length between the operatively treated patients and 

the nonoperatively treated patients although this may be due to the sample size of the 

RCT comparing external fixation to early spica casting. Intramedullary fixation reduces 

malunion rate, and total adverse events compared with traction and casting. Future 

multicenter RCTs are needed to find the best operative treatment type: “intramedullary 

nailing versus external fixation”, “IM nailing versus submuscular plating”, and “flexible 

versus rigid IM nailing”.
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Table 1. Included sudies1-3;8;9;11;13-22;24-26;28-30;32-36;38-40;42-44

Author Language Date of 
Publication

Level of 
evidence

Ages (years) Treatment

Operative versus nonoperative

Barford English 1958 3 0 15 ORIF

Buechsenschuetz English 2002 3 3 14 Flexible intramedulary nail

Clinkscales English 1997 3 4 16 Operative

Daum German 1968 3 nd nd Operative

Flynn English 2004 2 6 16 Flexible intramedulary nail

Fry English 1976 3 3 8 ORIF

Hedin English 2004 3 3 15 External fixation

Herndon English 1989 3 11 16 Intramedullary nailing

Kesemenli English 2004 3 nd nd External fixation 

Kirby English 1981 3 10 15 Intramedullary nailing

Lee English 2005 3 7 11 Intramedullary nailing

Neer English 1957 3 0 12 ORIF

Nork English 1998 3 nd nd External fixation

Parvinen English 1973 3 1 15 Surgical plate or nail

Reeves English 1990 3 9 17 Surgical plate or nail

Schonk English 1978 3 0 20 Surgical plate or nail

Song English 2004 3 4 11 Flexible intramedulary nail

Wong English 2004 1 4 11 External fixation

Wright English 2005 1 4 10 External fixation

Ziv English 1983 3 0 15 ORIF

Other operative

Bar-on English 1997 1 5 15 Flexible intramedulary nail

Domb English 2002 2 6 11 Dynamic External Fixation

Early casting versus traction

Allen English 1977 3 0 13 Early spica cast

Burton English 1972 3 2 10 Early spica cast

Curtis English 1995 2 2 8 Pontoon Spica

Geerdes Dutch 1994 3 0 14 3 weeks traction followed by 3 

weeks spica cast

Henderson English 1984 2 3 10 Early spica cast

Miller English 1987 3 1 13 Pontoon Spica

Yandow English 1999 3 0 15 Early Spica Casting

Other nonoperative

Fuchs German 2003 3 0 3 Overheadextension

Holmes English 1983 3 nd nd Home traction

Malo French 1999 2 5 13 Traction followed by spica cast

Podeszwa English 2004 3 0 1 Pavlik Harness
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Control N patients 
Treatment

N patients 
Control

Lost to follow-
up Treatment

Lost to follow-
up Control

Months Total 
Follow-up

Nonoperative 23 91 nd nd 24-288

Traction and cast 42 29 0 0 27

Nonoperative 11 19 0 0 49,2

Nonoperative 52 67 nd nd 12-186

Traction and cast 48 35 0 0 12

Traction and or cast 9 33 0 0 nd

Home or hospitaltraction 51 39 0 0 12

Traction and cast 21 24 1 5 16 (12-60)

90-90 skeletal traction 92 100 nd nd 144 (33 - 132)

Traction and cast 12 13 0 0 16.4 (3.5 - 40)

Traction and cast 17 20 0 0 24

Traction or cast 16 38 0 0 24

90-90 skeletal traction 16 13 0 0 2.6

Traction and cast 19 33 nd nd 48-336

Traction and cast 49 41 0 0 nd

Traction 19 73 2 6 105,6

Skeletal traction 27 24 6 5 30.3/59.2

Early hip spica 14 17 0 0 24

Early hip spica 48 60 3 4 24

Traction 21 34 nd nd 76.8 (24-120)

External fixation 10 10 0 0 14

Static External Fixation 21 28 4 0 2.2

Traction 31 15 1 0 6 (0.75-23) 

Traction in Thomas splint 42 42 nd nd 24-108

90-90 skeletal traction 70 21 nd nd 24

6 weeks traction 90 139 nd nd nd

90-90 skeletal traction 26 50 14 nd 18

Traction and cast 21 35 0 0 3-24

Traction 59 127 46 107 106.8 (48-240)

Weber table extension 27 25 8 11 83 (28-149)

Hospital traction 27 13 0 0 nd

Traction followed by brace 28 15 1 0 80.4 (63.6-120)

Immediate Spica Casting 24 16 nd nd 1
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Table 1. (Continued)

Author N of 
patients

with
nonunion
Treatment

N of 
patients

with
nonunion
Control

N of 
patients

with
Malunion
treatment

N of 
patients

with
Malunion
Control

LLD > 
+/-2cm

Treatment

LLD > +/-
2cm

Control

Secondary
Surgical

Procedure
Treatment

Operative versus nonoperative

Barford 0 0 nd nd 7 2 1

Buechsenschuetz 0 0 9 8 0 0 1

Clinkscales 0 0 nd nd nd nd nd

Daum 0 0 4 13 7 4 2

Flynn 1 0 0 3 0 0 2

Fry 0 0 0 1 0 5 0

Hedin nd nd nd nd nd nd nd

Herndon 0 0 0 7 0 5 0

Kesemenli 0 0 nd nd 0 0 8

Kirby 0 0 5 7 0 2 0

Lee 0 0 0 0 0 0 0

Neer 0 0 0 0 0 0 0

Nork 0 0 nd nd nd nd 2

Parvinen 0 0 6 13 nd nd 0

Reeves 0 4 0 5 nd nd nd

Schonk 0 0 2 2 1 2 nd

Song 0 0 5 11 0 0 0

Wong 0 0 1 6 0 2 0

Wright 0 0 7 25 3 7 2

Ziv 0 0 3 6 0 0 0

Other operative

Bar-on 0 0 0 3 0 0 0

Domb 0 0 0 2 nd nd 0

Early casting versus traction

Allen 0 0 3 nd 0 nd 0

Burton 0 0 24 27 1 2 nd

Curtis 0 0 3 3 1 2 1

Geerdes 0 0 3 4 5 6 0

Henderson 0 0 10 nd 0 0 0

Miller 0 0 1 18 nd nd 0

Yandow nd nd 2 6 0 0 0

Other nonoperative

Fuchs 0 0 10 8 2 0 0

Holmes 0 0 nd nd nd nd 0

Malo 0 0 11 6 1 0 0

Podeszwa 0 0 nd nd nd nd nd

Nd: Not described; ORIF: open reduction internal fixation; LLD: Leg length descripancy
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Secondary
Surgical

Procedure
Control

Infections
Treatment

Infections  
Control

Total
Adverse
Events

Treatment

Total
Adverse
Events
Control

Hospital
stay

(day’s)
Treatment

Hospital
stay

(day’s)
Control

Comments

0 nd nd 23 23 nd nd

3 4 4 9 13 4,7 23,6

nd nd nd 3 15 7,4 10,3

0 7 0 20 17 nd nd

5 0 0 10 12 5 24

5 0 1 0 12 nd nd

nd nd nd nd nd 7,7 44

2 0 1 1 10 17 28

0 0 25 8 25 nd nd 8 refractures in ex fix

3 0 0 2 8 nd nd

0 0 0 0 0 10 23,4

0 2 0 6 0 nd nd

1 0 0 5 1 4,7 22,3

0 nd nd 6 13 nd nd

nd nd nd 4 19 15 29

nd 0 0 3 4 42 56

0 2 0 7 11 nd nd all nails removed

0 5 0 0 0 nd nd Subgroup of Wright 2005

6 20 0 34 33 nd nd

3 3 0 6 6 nd nd

0 0 2 4 5 6 8

2 3 0 4 15 nd nd Not explicitly defined as fu 

(Avg. Tx Duration)

0 0 0 3 nd 9,3 31

nd nd nd 1 2 9,6 43 Originaly 84 patients treated 

with splint, 99 with spica

2 1 0 11 10 5 23 Of 450 charts reviewed only 

91 fit the strict criteria

0 0 0 11 17 22,4 46,9

0 nd nd 5 8 5,5 22,4

0 1 0 5 35 7 23

1 nd nd 1 5 2,2 17,3 Fu only 48 patients visit and 

41 telphone

2 nd nd 12 10 17 22,3

0 0 0 3 1 4,5 24 ages mean home 2.4 years, 

hospital 1.8 years

0 nd nd 16 7 26,8 26,3

nd nd nd 0 7 nd nd
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Abstract

Background Ongoing debate on treatment options for Anterior Cruciate Ligament (ACL) 

reconstruction complicate the choice between hamstring- and bone patellar-tendon bone 

autografts. We hypothesized a priori that cumulative meta-analysis (a form of sensitivity 

analysis) could show that the evidence of hamstring grafts’ reduction in morbidity could 

have been reached at an earlier time. Furthermore, we hypothesized a priori that modern-

state-of-the-art hamstring graft fixation technique would give similar results on stability 

as bone-patellar tendon-bone autografts.

Methods We performed a cumulative meta-analysis and sensitivity analysis based on 

femoral graft fixation techniques to evaluate hamstring autograft versus bone patellar 

tendon bone autografts in ACL reconstruction derived from a previously published meta-

analysis.

Results Cumulatively, we have already reached statistical significance that hamstring 

auto graft reduces anterior knee pain in the year 2001 (relative risk of 0.49 [95%CI 0.32 

to 0.76; P=0.001, I2=0%]). The modern endobutten hamstring graft fixation technique 

(two studies) yielded similar stability for the Lachman test as bone-patellar tendon-bone 

grafts with a relative risk of 1.09 (95%CI 0.82 to 1.46; P=0.55, I2=0%). Excluding the 

endobutten group explains the increased laxity in the hamstring graft group.

Interpretation Cumulative meta-analysis strengthens the evidence of reduced morbidity 

using hamstring tendon autograft for anterior cruciate ligament reconstruction. Sensitivity 

analysis focusing on state-of-the-art hamstring graft fixation techniques further weakens 

the evidence that bone-patellar tendon-bone autografts provide better stability.
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Introduction

The number of meta-analyses is increasing in the surgical literature.6 In the orthopedic 

literature evidence often needs to be synthesized from randomized controlled trials with 

small sample sizes.22 Meta-analyses provide a useful tool to offer up to date knowledge 

for doctors to help in clinical decision making.17 Surgical trials differ from pharmaceutical 

trials in which the effects of treatment providers on the therapy play a less important 

role.9;11 Surgical technique is the caveat.11

Recently, the importance of a well conducted meta-analysis for a commonly discussed 

orthopedic dilemma was elucidated.8 This study showed lower morbidity for patients with 

an anterior cruciate ligament reconstruction using a hamstring autograft. Although the 

authors conducted sensitivity analysis in their meta-analysis, we think this tool was not 

utilized optimally. We will illustrate this with the data available from their manuscript and 

provide stronger evidence for their conclusions. We hypothesized a priori that cumulative 

meta-analysis (a form of sensitivity analysis) could show that their conclusion, hamstring 

grafts’ reduction in morbidity, could have been reached at an earlier time. Furthermore, 

we hypothesized a priori that modern-state-of-the-art hamstring graft fixation technique 

would give similar results on stability as bone-patellar tendon-bone autografts. Thus, 

questioning the poor and unverified evidence that patellar tendon autofrafts offer better 

stability. The rationale for choosing this subgroup was adapted from previous studies 

claiming superior femoral fixation with endobuttons and subsequent superior stability.24

Thus, our hypothesis was set a priori. We hypothesized that sensitivity analysis could 

clarify this statement. Accordingly, we illustrate that surgical meta-analysis can benefit 

from sensitivity analysis based on previously published differences in surgical techniques 

utilized in the primary studies. 

Methods

Data abstraction and quantitative data synthesis
We abstracted the data as presented in the published meta-analysis by Biau et al.8

We conducted a cumulative meta-analysis using subgroups in RevMan 4.2.7 software 

(Cochrane Collaboration) and analyzed the data with RevMan Analysis Software (version 

1.0.2) with the same statistical methods as described in the source meta-analysis.8

Next, we performed sensitivity analysis to assess the size of the treatment effect on the 

Lachman test outcome for studies with modern hamstring autograft fixation techniques 

(endobutton) versus studies using older fixation techniques (interference screws, staples, 

plates, or washers).

For the test of heterogeneity between studies, we calculated the I2 statistics, which 

describes the percentage of total variation across studies that is due to heterogeneity 
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rather than chance.19 The value of 0% for I2 indicates no observed heterogeneity. As the 

value of I2 increases, the heterogeneity between studies becomes more evident. We also 

tested the heterogeneity of results across the studies, using a Cochran Q test and the p 

value of larger than 0.1 was indicated no significant heterogeneity.19

Results

Cumulative meta-analysis on anterior knee pain
In Biau and co-workers’ manuscript we identified 14 primary studies with data available 

on anterior knee pain from 1991 to 2005.1-5;8;10;12-16;18;20;21;23;25;26 Figure 1 shows the 

results of the cumulative meta-analysis. Cumulatively, we have already reached statistical 

significance that hamstring auto graft reduces anterior knee pain in the year 2001. The 

relative risk in 1997 was 0.60 (95%CI 0.26 to 1.39; P=0.23,[test for heterogeneity: 

Chi2=0.09, df=1{P=0.76}, I2=0%]) based on three available studies at that time. In 2001 

three extra studies came available resulting in a relative risk of 0.49 (95%CI 0.32 to 0.76; 

P=0.001, [test for heterogeneity: Chi2=1.12, df=4{P=0.89}, I2=0%]). In the following 

years, another eight studies became available without changing the conclusion reached 

in 2001.  In 2005 the relative risk was 0.57 (95%CI 0.44 to 0.74; P=0.0001, [test for 

heterogeneity: Chi2=5.05, df=11{P=0.93}, I2=0%]). The tests for heterogeneity did not 

reach statistical significance over the years.

Figure 1. Cumulative meta-analysis
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Hamstring tendon autograft femoral fixation technique sensitivity 
analysis

Figure 2 shows the results of the femoral fixation technique sensitivity analysis. The 

modern endobutten hamstring graft fixation technique (two studies) yielded similar 

stability for the Lachman test as bone-patellar tendon-bone grafts with a relative risk 

of 1.09 (95%CI 0.82 to 1.46; P=0.55, [test for heterogeneity: Chi2=0.06, df=1{P=0.80}, 

I2=0%]). Excluding the endobutten group explains the increased laxity in the hamstring 

graft group. The relative risk was 1.31 (95%CI 1.03 to 1.67; P=0.03, [test for heterogeneity: 

Chi2=2.25, df=4{P=0.69}, I2=0%]) when comparing six studies utilizing older fixation 

techniques. Thus, the studies using older and possibly less optimal fixation techniques 

had significantly greater contribution to the overall improved stability for bone-patellar 

tendon-bone grafts with a relative risk of 1.22 (95%CI 1.01 to 1.47; P=0.04, [test for 

heterogeneity: Chi2=3.16, df=6{P=0.79}, I2=0%]). The tests for heterogeneity did not 

reach statistical significance.

Figure 2. Sensitivity analysis for modern versus older fixation techniques

Discussion

Our analysis shows that utilization of sensitivity analysis can further clarify conclusions 

from meta-analysis based on an a priori hypothesis. Especially in meta-analysis on surgical 

trials, differences in surgical techniques need to be accounted for and can be analyzed 

in subgroups as shown in our example. Our sensitivity analysis on fixation technique 

further weakens the evidence that bone-patellar tendon-bone autografts yield better 
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stability when using state-of-the-art femoral fixation techniques for the hamstring tendon 

autograft. Our cumulative meta-analysis further strengthens the evidence that hamstring 

tendon autografts reduce anterior knee pain.

Combining knowledge of surgical techniques and sensitivity analysis in meta-analyses 

can strengthen the clinical usefulness of the results. Prior to pooling the data statistically, 

reviewers need to identify potential sources of inter-study differences.7 Although Biau et 

al. did not find statistical heterogeneity, clinically relevant differences between studies 

did skew the results. The cooperation between surgeons (clinicians) and epidemiologist 

will facilitate development of clinically important a priori hypothesis to explain inter-study 

differences. Surgical techniques with seemingly small differences may influence the results 

when data are pooled without sensitivity analysis. This will need further exploration.

Of course our study has limitations. Firstly, the primary data were abstracted from a 

meta-analysis that abstracted the data from primary studies; this may have increased the 

chance of human error. Secondly, there were only two studies included in the analysis 

of endobutton fixation subgroup that might have underestimated the treatment effect 

of this technique. Future randomized controlled trials of the endobutton technique and 

updated meta-analysis will clarify this issue. Furthermore, we analyzed the data available 

for the Lachman test. This test is only one aspect in the clinical evaluation of the lax knee 

and may be irrelevant as a patient important outcome. Unfortunately, data on validated 

patient orientated outcome instruments are unavailable.

Our study does, however, illustrate the usefulness of sensitivity analysis as an addition 

in the complicated nature of surgical meta-analysis. Our findings do not advocate 

overzealous utilization of subgroup or sensitivity analysis without an a priori hypothesis 

based on clinical expertise. It must be stressed that post hock “data dredging” can lead 

to flawed conclusions and can mislead readers.17

Conclusion

Cumulative meta-analysis strengthens the evidence of reduced morbidity using 

hamstring tendon autograft for anterior cruciate ligament reconstruction. Sensitivity 

analysis focusing on state-of-the-art hamstring graft fixation techniques further weakens 

the evidence that bone-patellar tendon-bone autografts provide better stability.
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Background

Current clinical practice in orthopaedic surgery is largely “eminence” based. A paradigm 

shift to evidence based orthopaedic surgery may be needed. This thesis originates from 

the difficulties that one encounters when confronted with the orthopaedic literature 

in trying to answer daily clinical questions.  To help in this clinical decision-making 

process, evidence–based medicine (EBM) provides a useful tool to systematically guide 

busy clinicians. Practicing EBM is based on asking answerable clinical questions, finding 

literature, appraising the literature, and applying the evidence from the literature to the 

patient.15 The key aspect of this process is translating information from the orthopaedic 

literature to direct the clinical care process. 

Aims of the Thesis

The aims of this thesis were threefold: 1) to evaluate the appreciation of and need 

for evidence-based orthopaedic surgery, 2) to evaluate the quality of reporting in the 

orthopaedic literature and 3) to give typical examples on how to summarize current 

evidence in orthopaedic surgery.

Key Findings of the Thesis

Section -1- The Need for Evidence-Based Orthopaedic Surgery
A questionnaire study, addressing the attitude of the members of the Dutch Orthopaedic 

Association towards EBM and competence in EBM (Chapter 2) identified the following: 

1) four variables are positively associated with competence in evidence-based medicine 

terminology: younger surgeons, with experience of less than 10 years, having a PhD 

degree, and working in an academic or teaching setting, had better knowledge about 

key subjects in evidence-based medicine. 2) Surgeons’ self-rated knowledge about 

terminology relevant to evidence-based medicine correlated with knowledge about key 

issues in evidence-based medicine, but was overestimated by 16.3%. 3) More than 50% 

of the respondents had misconceptions about key methodological aspects in surgical 

trials. 4) The majority of the respondents (84%) were aware of the Journal of Bone and 

Joint Surgery’s evidence-based medicine section, and 20% used the Journal of Bone 

and Joint Surgery’s evidence-based medicine abstracts in clinical decision-making. This 

increased awareness in evidence-based medicine was also reflected in a frequent use 

of Cochrane reviews in clinical decision-making (27%). Surgeons who used the Journal 

of Bone and Joint Surgery’s evidence-based medicine abstracts and Cochrane reviews 
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in clinical decision-making had better knowledge about important issues relevant to 

evidence-based medicine than those who did not use these EBM sources, 5) Practicing 

evidence-based medicine was perceived to improve patient care in orthopaedic surgery. 

Next, myths and misconceptions about EBM were reviewed. The key message of 

Chapter 3 is that most criticisms of evidence-based orthopaedics are rooted in myths and 

misconceptions. Current criticisms and limitations of EBM can be grouped into six main 

arguments9;15;16;21;23: 1) EBM ignores clinical expertise, 2) EBM is not possible without 

Randomized Controlled Trials, 3) EBM is all about statistics and numbers, 4) The usefulness 

of applying EBM to individual patients is limited, 5) Keeping up to date and finding the 

evidence is impossible for busy clinicians and, 6) EBM is not evidence-based. 

Evidence-based orthopaedic surgery should be perceived as a guide to help in clinical 

decision-making in busy clinical practices.  It must be stressed that one can practice 

evidence-based orthopaedic surgery without the availability of RCTs. In such instances, 

decision-making will be based on other sources of evidence such as observational 

studies.15 The effects of evidence-based orthopaedic surgery need to be subject to 

ongoing evaluation.

The guideline for Good Clinical Practice (GCP), as described in Chapter 4, was developed 

to conduct clinical trials on an ethical basis. The key principle of the GCP guideline is the 

ethical conduct of a trial.14 The trial cannot be initiated before all foreseeable risks and 

inconveniences are weighted against the anticipated benefit for the individual trial subject 

and society.  Patient safety is the cornerstone of the GCP guideline.14 The safety and well-

being of the trial subjects is most important and should prevail over the interests of science 

and society. For investigators it requires a substantial time commitment but it also will result 

in pure data collection while patient safety is maintained. Adherence to this guideline will 

safeguard patient trust in science. Surgical trials need specific considerations, previously 

not described in the GCP guideline. If surgeons have to perform a new or technically 

demanding surgical technique in the trial, expertise becomes an issue.  Surgeons might 

be sceptical about a technique they normally do not perform. To overcome this ethical 

barrier in surgical RCTs, the “expertise based trial” has been promoted by Devereaux and 

colleagues.12 In an expertise based randomised trial subjects are allocated to a treatment 

provider, not to a treatment.12 This ensures treatment by qualified and motivated surgeons 

who believe in the technique they are using, thus reducing potential bias.

In summary, section -1- of this thesis found an appreciation of EBM among Dutch 

Orthopaedic surgeons, who agreed on the need for EBM to improve patient care. Myths 

about EBM are based on misconceptions. To overcome these misconceptions a guide for 

good clinical research is provided.
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Section -2- The Quality of Reporting in the Orthopaedic Literature
The Levels of Evidence that are explicitly reported for a published paper in the most 

frequently cited general orthopaedic journal are evaluated using the quality of reporting 

tool of the Cochrane Bone, Joint and Muscle Trauma Group (Chapter 5). Each individual 

methodological safeguard (i.e. allocation concealment, blinding) reported is evaluated 

with this tool, whereas the level of evidence summarizes the quality of a report into a 

single measure. The results of this methodological study demonstrate two key findings: 

1) Level I evidence studies revealed important limitations in their quality of reporting, and 

2) No difference in the quality of reporting exists between studies labelled as Level I or 

Level II evidence.

Chapter 6 evaluated the correct use of validated patient orientated outcome 

instruments. Furthermore, it examined the feasibility of blinding of outcome assessors 

and the effect of blinding on the magnitude of the treatment effect. Does it influence the 

results of a trial if it was feasible to blind outcome assessors, but the authors fail to report 

blinding or blinding was not done? This study reports that: 1) only 3.4% of all publications 

in the Journal of Bone and Joint Surgery, American Volume in 2003 and 2004 were RCTs. 

2) Previously validated outcome measures were commonly modified and not re-validated. 

3) Outcome assessors were likely to be unblinded in 56% of the reported orthopaedic 

randomized trials. 4) Blinding of outcome assessors would have been possible in many 

situations but not conducted (50% of the reported trials), and 5) studies that did not 

blind assessors were associated with significantly larger estimates of reported treatment 

effect (Ratio of Odds Ratios 0.31 [95%CI 0.20, 0.47]). 

Overlapping systematic reviews and more so discordant systematic reviews complicate their 

utilization as an EBM tool.18 Chapter 7 evaluates 11 systematic reviews describing a common 

orthopaedic clinical problem: treatment options for anterior cruciate ligament reconstruction. 

Why are these systematic reviews different? What was the quality of their reports and how 

strong was the internal validity? In this review of 11 systematic reviews published on the 

same topic of anterior cruciate ligament repair with either hamstring or bone-patellar-bone 

tendon grafts, Chapter 7 reports the following: 1) New “overlapping” systematic reviews 

were conducted without citing previously published same-topic reviews. 

2) Quality of reporting varied among 11 overlapping systematic reviews as reflected 

in the QUOROM (Improving the QUality of Reports Of Meta-analyses of randomized 

controlled trials statement) score. 3) Using our proposed Jadad algorithm18, we were 

able to identify two valuable, high quality reviews that can help clinicians in decision 

making, and 4) Sensitivity analysis to identify variables influencing the results were used 

infrequently. 
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This section is finalized with Chapter 8. In 2000, the Scientific Committee of the Dutch 

Orthopaedic Association introduced an abstract reporting evaluation tool. A major reason 

for introducing the abstract scoring system was to improve the quality of reporting in such 

a way that the most relevant information is provided. The scoring items are directed at 

providing the right information that is required for others to judge whether the presented 

data and conclusion warrant further scrutiny for inclusion in a meta-analysis or review. 

The inter-reviewer agreement is evaluated and evolution in time of abstract’s quality of 

reporting is then described.  Chapter 8 reported the following: 1) Reviewers using the 

ISK abstract score scheme had substantial to almost perfect agreement. 2) The quality of 

abstracts did not change from 2001 to 2006.  3) A larger number of abstracts to score 

did not influence agreement among reviewers.

In summary,  Section -2- shows that  the quality of reporting in orthopaedic literature 

needs improvement.

Section -3- Summarizing Current Evidence
Chapter 9 clearly illustrates an EBM approach to help the individual with a fractured 

fifth metacarpal bone. This review included no study that documented the primary 

outcome measure of interest, i.e. validated hand function. Therefore, no single treatment 

regimen can be recommended for all participants. However, certain interventions may 

offer advantages in outcome measures such as pain reduction or early return to work. 

The informed patient should decide if their personal priority is maximum pain reduction, 

earliest return to work or other outcome, and subsequently choose the intervention most 

likely to confer that benefit. This illustrates that the patient has a central role in practising 

EBM.

Chapter 10 aimed to review the highest level of available evidence on the operative 

management of ankle fractures.  It focused specifically on studies comparing 1) non-

operative vs. operative management of displaced ankle fractures, 2) biodegradable vs. 

metal implants, 3) syndesmotic fixation and 4) postoperative rehabilitation protocols.

Given the limitations of the current trials, it is difficult to determine clear recommendations 

for practice in regards to the operative management of ankle fractures.  Clearly, large 

randomized trials are feasible and need to be conducted using validated functional and 

clinical outcomes to help answer these questions.

Chapter 11 aimed to determine the effect of different treatment options on the rate 

of union, malunion, leg-length discrepancy (LLD), complications, and outcome after 

femoral shaft fractures in children. Independent of the treatment approach in total group 

of patients in all the included studies, the non-union rate for these fractures is 0.2% and 

the malunion rate is 10.3%. Early spica casting reduces adverse events and hospital stay 

length compared to traction treatment. Operative treatment reduces malunion rate. We 
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did not find a significant difference in leg-length between the operatively treated patients 

and the non-operatively treated patients although this may be due to the sample size of 

the RCT comparing external fixation to early spica casting. Intramedullary fixation reduces 

malunion rate, and total adverse events compared with traction and casting. Future multi-

centre RCTs are needed to find the best operative treatment type: “ flexible intramedullary 

(IM) nailing versus external fixation”, “flexible IM nailing versus submuscular plating”, and 

in adolescents “flexible versus rigid IM nailing”. Finally, this systematic review illustrates 

differences in treatment effects between RCTs and case series.

Chapter 12 finalizes Section -3- and hypothesizes a priori that cumulative meta-

analysis (a form of sensitivity analysis) could show that the finding that hamstring 

grafts’ reduction in morbidity could have been reached at an earlier time than 2006. 

Furthermore, it hypothesizes a priori that modern-state-of-the-art hamstring graft fixation 

technique would give similar results on stability as bone-patellar tendon-bone autografts 

when evaluated in a subgroup analysis. 

Our analysis shows that utilization of sensitivity analysis can further clarify conclusions 

from meta-analysis based on an a priori hypothesis. Especially in meta-analysis on surgical 

trials, differences in surgical techniques need to be accounted for and can be analyzed 

in subgroups as shown in this example. The illustrated sensitivity analysis on fixation 

technique further weakens the evidence that bone-patellar tendon-bone autografts yield 

better stability when using state-of-the-art femoral fixation techniques for the hamstring 

tendon autograft. The cumulative meta-analysis further strengthens the evidence that 

hamstring tendon autografts reduce anterior knee pain. Combining knowledge of surgical 

techniques and sensitivity analysis in meta-analyses can strengthen the clinical usefulness 

of the results of a specific technique.

In summary, Section -3- illustrates the possibility to condense current evidence to help 

clinicians in decision-making. However, surgical aspects, like seemingly small differences 

in surgical technique or differences in pre-, peri-, or post-operative treatment regimens in 

primary trials, needs specific consideration.

Strengths and limitations

Section -1- The Need for Evidence-Based Orthopaedic Surgery
The EBM survey among Dutch orthopaedic surgeons, reported in Chapter 2, is 

strengthened by its response rate of 60%. However, we are uninformed about 40% of the 

Dutch Orthopaedic Association’s members. This may be due to non-responders disapproval 

of the current emphasis on EBM in general, or more specific to yet another mailed survey. 

An additional limiting factor is the self reported format. We are still uninformed about 
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the true EBM utilization in daily orthopaedic practice. The survey concerned only Dutch 

orthopaedic surgeons. Can the results be generalized to Western society?

Chapter 3 about current misconceptions about EBM and Chapter 4 describing a 

guide for good clinical practise should be read as provocative manuscripts. This in itself, 

of course, has limitations. These chapters aimed to answer background questions, had a 

narrative review format, and literature searches may have missed relevant publications. 

Section -2- The Quality of Reporting in the Orthopaedic Literature
The chapters in Section -2-, assessing the quality of reports, are strengthened by the 

assessment of the literature in duplicate with good reviewer agreement. However, no 

gold standard exists for evaluating the quality of a report. Human error may have resulted 

in inaccuracies when data is abstracted from the source studies. Even if acceptable 

agreement exists, the assessors could have been wrong all together, since observation 

involves perception as well as a cognitive process.

Furthermore, reproducibility of the assessment was not evaluated. All chapters in 

Section -2- rely on observations by reviewers or assessors. It is important that assessors 

agree on their observations. We are informed about the agreement at time of the study 

assessment, but we are uninformed about the reproducibility of these results.11 Will 

assessors yield similar findings evaluating the same studies at a later moment in time? 

What will the intra-observer agreement be? To date, reproducibility data of study quality 

assessment is lacking. Consensus meetings are perhaps approaching the gold standard 

in study assessment, but may be guided by a strong personality of one of the assessors. 

Fortunately, the consensus meetings revealed clear misinterpretations. Disagreement 

was solved easily without dispute, after re-reading the manuscripts carefully. Although 

consensus was reached in each case, the assessors still could have been wrong as a 

group.

Another shortcoming may be the retrospective collection of primary studies in 

chapters 5, 6, and 7. In clinical research a prospective study design has clear advantages. 

Furthermore, the primary studies included in this section only comprise a small sample of 

the large number of studies available to date, hence generalizing the results needs to be 

done with caution.

In Chapter 6, on utilization of a methodological safeguard: blinding and appropriate 

use of outcome instruments studies were compared utilizing clearly blinded outcome 

assessment versus unblinded assessment. In the included primary studies it was, at times, 

unclear what the treatment arm was and what the control or treatment group was. In 

pharmaceutical studies the “new” drug is clearly the treatment arm, and the existing 

drug the control arm. However, in orthopaedic surgery, different treatment modalities 

coexisted for decades. Comparing existing treatment modalities in an RCT to find the 

treatment with the largest treatment effect is common. In these cases the control group 

and treatment group are not straight forward. Thus, we calculated the magnitude of 
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treatment effect on the premises of overestimation, including the treatment group with 

the largest effect size as the treatment group and the treatment group with the smaller 

effect size as the control group. This was based on assessor judgment and could have 

been biased.

Next, we were at times unable to determine the study primary endpoints. In such 

situations, we chose a convenient endpoint showing a large treatment effect and this 

outcome measure needed to be suitable for pooling. Choosing these endpoints may also 

have skewed the results, stressing the importance of clear reporting in future reports of 

RCTs. Furthermore, studies, at times, reported outcomes about “number of limbs” instead 

of individual patients, complicating the interpretation of the true treatment effect.8

Heterogeneity in primary studies was existent. Ideally, studies with similar interventions 

and outcomes need to be compared where blinding of outcome assessors is the only 

changing factor. Ideally, heterogeneity needs to be evaluated across similar studies 

evaluating the same interventions. However, our sample size was too small and included 

a wide variety of interventions for several target diseases to conduct these evaluations.

Finally, perhaps unblinded outcome assessment was only a manifestation of overall poor 

trial design. The fact that lack of allocation concealment did not influence the magnitude 

of treatment effect can be due to the sample size.

The limitations of Chapter 7, about overlapping systematic reviews, are the assessment 

with evaluation tools originally designed for the general medical literature. Essential 

differences in surgical techniques in the primary studies are factors influencing the 

decision if pooling of the results is feasible. The validated evaluation tools may place 

less emphasis on this important aspect of surgical meta-analysis. However, the Jadad 

algorithm was able to select the most appropriate review.

Inferences from chapters 5 to 7 are based on the trials reports as they are published. 

To be truly informed about the trial’s methodological merits one needs to contact the 

manuscript’s authors for additional information.13 Indeed, methodological safeguards 

may have been used during the conduct of trials but not mentioned in its final report, as 

described in a previous observational study.13

The ISK abstract rating tool, presented in Chapter 8, has limitations. This rating system 

can evaluate clinical studies and basic science; however, it lacks the ability to evaluate 

systematic reviews and meta-analyses. This may result in a lower acceptance rate of 

systematic review abstracts, or at least result in discussion among the reviewers to select 

high quality abstracts of these important tools to summarize the evidence based bottom-

line. The strengths of the ISK score is its consistent ability to select relevant abstracts over 

a number of years with unremitting excellent inter reviewer agreement.

Section -3- Summarizing Current Evidence
The presented systematic reviews are examples of the feasibility to summarize current 

evidence in common clinical situations. Chapter 9 is strengthened by the rigour of the 
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Cochrane approach. However, its rigor is time consuming and the lack of inclusion of 

comparative cohort studies may be a limitation in orthopaedic surgery. Furthermore, the 

format of a Cochrane review may have limited value in providing the evidence based 

bottom line for busy clinicians, as illustrated by the format of reporting in chapters 10 

and 11. Cochrane reviews are limited to RCTs as the primary studies. The absence of RCTs 

does not necessarily mean complete lack of evidence. However, it must be clear to the 

reader what the roots of the evidence are to draw their own conclusions.

Chapters 10 and 11 lacked the peer review process of the protocol as is standard for 

Cochrane reviews. Publication of the systematic reviews protocol further strengthens the 

Cochrane Collaboration’s approach. This prevents post hoc protocol deviations and data 

dredging. However, no empirical evidence exists for reviews, as is suggested for clinical 

studies, where “convenient” post hoc protocol deviations do exist.

Finally, Chapter 12, dealing with cumulative meta-analysis and subgroup analysis in a 

surgical meta-analysis, has several limitations. Firstly, the primary data was abstracted from 

a meta-analysis that abstracted the data from primary studies; this may have increased 

the chance of human error. Secondly, there were only two studies included in the analysis 

of endobutton fixation subgroup that might have underestimated the treatment effect 

of this technique. Future randomized controlled trials of the endobutton technique and 

updated meta-analysis will clarify this issue. Furthermore, we analyzed the data available 

for the Lachman test. This test is only one aspect in the clinical evaluation of the lax knee 

and may be irrelevant as a patient important outcome.  This chapter does, however, show 

the importance of evaluating sources of clinical heterogeneity in surgical meta-analysis.

Implications of this thesis

Concepts of EBM are welcomed and perceived to improve patient care, however, 

currently existing misconceptions and unawareness warrant further education in EBM 

principles among orthopaedic surgeons in The Netherlands. It may be reasonable 

to extrapolate these findings to countries with comparable health care systems and 

orthopaedic practices. Basic concepts of EBM are important tools for residents and 

surgeons alike, to keep themselves up-to-date for their entire careers, changing the 

current situation where surgeons near retirement still rely on the “facts” they learned 

during residency and on personal experience.

Practical EBM reviews and EBM summaries were perceived as the best way to 

help orthopaedic surgeons practicing EBM. This concurs with the Dutch Orthopaedic 

Association’s objective to promote EBM. Nationally, a possible role exists for the Dutch 

Journal for Orthopaedics (Nederlands Tijdschrift voor Orthopaedie) and Dutch Journal for 

Traumatology (Nederlands Tijdschrift voor Traumatologie) to promote EBM and provide 

busy clinicians with evidence-based bottom-lines. Ideally, these evidence-based summaries 
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will be freely available online. Internationally, leading orthopaedic journals should continue 

their educational efforts and provide orthopaedic surgeons insights into practicing EBM. 

Organizations like the “Arbeitsgemeinschaft für Osteosynthesefragen (AO foundation)” 

and the “Association Internationale pour L’Ostéosynthèse Dynamique (A.I.O.D.)” may 

also play a role in providing evidence-based summaries to surgeons.

One of the implications of this thesis currently has resulted in an initiative that was 

started to endorse EBM: The International Evidence-Based Orthopaedic Surgery Working 

Group is a group of orthopaedic surgeons and epidemiologists with a keen interest in study 

methodology and evidence-based orthopaedics. This group was founded in Canada and 

has recently expanded to The Netherlands and The USA, with continued expansion globally. 

In 2006, the group began an international effort to promote an evidence-based approach 

to orthopaedic dilemmas, summarizing the available evidence in systematic reviews and 

writing educational reviews to help improving colleague surgeons’ understanding of 

tools for an evidence-based practice. The group also promotes the design and conduct 

of high quality research, such as large scale multi-centre international clinical studies to 

answer important questions in orthopaedic surgery.  Ultimately, the group aims to shift 

the paradigm from “opinion-based practice” to “evidence-based orthopaedic practice”. In 

2007 the group will present a series of educational EBM articles in Acta Orthopaedica.

Unfortunately, EBM may be misused by insurance companies and managers to cut 

costs. A frequently heard argument is: “there is no evidence for this intervention and we 

will not pay for it”. One prudent characteristic of EBM is clinical expertise, a competence 

that insurance companies and managers may clearly be lacking (Figure). Surgeons decide 

what is best for their patients; EBM is a tool in clinical decision-making and relies on 

This figure illustrates key aspects of practising Evidence-Based Orthopaedic Surgery: The patient has a central 
position and clinical decision making is based on patient’s preferences, clinical circumstances, surgeon’s clinical 
expertise, and research findings.

Figure: Evidence-Based Decision Making
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multi-factorial aspects. Even if an intervention or treatment is not evaluated with an RCT, 

other forms of evidence are often available and clinical decision making is based on these. 

“No evidence” is a convenient interpretation of limited evidence by individuals lacking 

clinical expertise. Nevertheless, what is the competence and knowledge in EBM among 

politicians, hospital managers and policy makers?

Reporting of used methodological safeguards in surgical trials needs to be improved. 

The guide presented in Chapter 4 may help in this pursuit of optimal trial design and 

reporting. Albeit the limitations mentioned previously, Chapter 6 illustrates the effect 

of blinded outcome assessment in orthopaedic trials. Blinding is often feasible and 

independent outcome assessment is possible at nearly all times. 

Outcome assessment with validated patient orientated outcome instruments is 

important. These instruments are designed to measure changes in health status; if 

modified, they may not measure what they are supposed to measure and may thus 

yield different results. If previously validated outcome instruments are modified, a new 

meticulous validation is mandatory. If possible, outcome assessment should be blinded or 

at least be performed by an independent outcome assessor.

Clear reporting will help readers in the critical appraisal process and will aid “systematic 

reviewers” in assessing and abstracting data for subsequent meta-analysis. The 

COnsolidated Standards Of Reporting Trials (CONSORT) statement, currently adopted by 

many orthopaedic journals, may serve as a tool to help authors in transparently presenting 

the findings of their trial.22 More specifically suitable for surgical intervention studies 

might be the CheckList to Evaluate A Report of a Non-Pharmacological Trial (CLEAR 

NPT), recently developed using consensus among surgeons, epidemiologist, and other 

collaborators in systematic reviews.6 The Cochrane quality assessment tool, which was 

devised by the Cochrane Bone, Joint and Muscle Trauma Group, formerly known as the 

Musculoskeletal Injuries Group and used in Chapter 5, may be suitable as well.

Not only do RCTs benefit from clear reporting, but systematic reviews will improve 

when reported in a clear way as well. The 11 reviews evaluated in Chapter 7 showed 

variable quality in reporting and internal validity. The Jadad algorithm was helpful in 

selecting the most appropriate review.

EBM tools are needed to help not only surgeons but also orthopaedic organizations. 

The best way to disseminate good evidence is to ensure that reviewers at scientific 

meetings agree how to identify and grade quality research for dissemination. Here the ISK 

abstract rating tool described in Chapter 8 is a suitable tool to aid in the selection of high 

quality abstracts for scientific meetings. This tool may be adopted by other association’s 

meetings locally or internationally.

The systematic reviews presented in Section -3- illustrate their usefulness in summarizing 

current best evidence to help in decision making for busy clinicians.  
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Validated patient orientated outcome measures are reported infrequently in the primary 

studies, making pooling of these important outcome measures impossible. To facilitate 

subsequent meta-analysis, standardization of outcome assessment is mandatory.1

Surgical expertise and a priori subgroup analysis and pooling of results in meta-analysis 

needs to be preformed with care. This stresses the need for collaboration between 

surgeons with clinical expertise and epidemiologist when conducting a systematic review 

or meta-analysis.

Future research

This thesis raises the following future research questions: 1) Will attitude towards and 

competence in EBM among orthopaedic surgeons and other surgical specialties change 

over time? 2) How should we evaluate a scientific report of a surgical trial and a surgical 

systematic review? 3) What is the impact of methodological safeguards utilization in 

surgical trials on treatment effect size? 4) What is the effect of surgical aspects of the 

primary surgical studies in meta-analyses?

Attitude Towards and Competence in EBM
Are surgeons getting better indeed? At present, the competence instrument presented 

in Chapter 2 is used in a survey among urologists in North America. The competence 

in, and attitude towards EBM among Dutch Orthopaedic Surgeons will be evaluated by 

repeating the survey, thus elucidating if misconceptions still exist and if The International 

Evidence-Based Orthopedic Surgery Working Group’s educational efforts sort an effect.  

Furthermore, true utilization of EBM techniques in daily practice warrants research. 

Surgeons can appreciate its concepts, but do they practice the claims made in their 

response to the survey?

A gap exists between available evidence on pharmaceutical treatment options and 

what is practiced by clinicians.10 Most likely, the same accounts for surgical interventions. 

Traditional educational systems trying to bridge this gap, like continuing medical education 

and continuing personal development, may have limitations.10 Most passive educational 

systems have little effect on changing doctors’ behaviour and active programs may be 

more effective.10 Knowledge translation has recently been proposed as a tool to overcome 

the barrier between sound research findings and daily clinical practice.10 However, this tool 

stems from the general medicine literature where an abundance of evidence is currently 

available.  Simply adapting it for the orthopaedic community may be less feasible. For 

a start, many orthopaedic surgical procedures lack sound evidence, this evidence will 

be needed before knowledge can be translated into daily practice, using the proposed 

model by Davis et al.10 Therefore, educational efforts in orthopaedic surgery should focus 

on the principles of EBM and study methodology to provide clinicians useful tools to help 

277



Chapter 13 

in clinical decision-making. These strategies of implementing evidence in daily practice 

need further research.

Moreover, future orthopaedic research has to focus on common orthopaedic conditions. 

Current treatment strategies need to be evaluated in systematic reviews summarizing 

available evidence and raising hypothesis for future clinical trials. Then, definitive answers 

need to be found utilizing sufficiently powered multi centre RCTs where possible. A 

paradigm shift to evidence-based orthopaedic surgery is necessary. For now we have to 

deal with the available, but perhaps suboptimal evidence.

Evaluating reports of surgical trials and systematic reviews
The number of studies evaluating published reports is increasing.2;4;5;7;17 The question 

is: how should we evaluate a report of a surgical trial? We may need to evaluate the 

evaluation of reports as we do with studies evaluating a diagnostic tool.3 Is a quality 

rating tool in any sense similar to a diagnostic tool?

Comparing CONSORT to CLEAR NPT and Cochrane Tool, what is the most suitable 

tool to evaluate the report of a surgical trial? What is the best guide for authors when 

preparing a report? In a study evaluating surgical intervention studies, emphasis should 

be placed on details of the surgical aspects of the trial; therefore, in addition to the 

CLEAR NPT questions the following questions should be addressed:

Were details of the type of anaesthesia administered to each group made available?

Were details of the duration of surgery made available?

Were the technical details of the procedure in each group made available?

Was the surgical approach used in the procedure in each group made available?

Were the details of the type of implants (fracture fixation device or prosthesis) used in 

each group made available?

Were the details of any intra-operative complications in each group made available?

Were the details of any post-operative complications in each group made available?

Were the details of the pre and post-op course in each group made available?

Was the care providers’ experience (number of cases treated) before the trial was 

initiated described for each surgeon?

Was the learning curve described for the surgeon performing the procedure in each 

arm?

Was the number of surgeons performing the procedure reported?

Was the number of patients treated by each surgeon reported?

Were important details on attending care providers reported (expertise)?

The feasibility of using these additional questions needs to be evaluated. Furthermore, 

inter-assessor agreement needs to be calculated when utilizing this checklist. One 

drawback might be the limited space available in printed journals to provide this detailed 

information, yielding an argument for (additional) online publication to keep readers 
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as informed as possible, and thus overcoming the lack of reporting of methodological 

safeguards that were in fact used.13

Abstract evaluation tools may be helpful in generating better quality grey literature. 

A future study has to evaluate the number of abstract finally accepted in peer reviewed 

journals compared to ISK abstract rating score of the abstract. Final acceptance rate 

might be the gold standard of quality, although a journals’ peer review process may 

be suboptimal. Ideally an abstract rating tool is capable of selecting the highest levels 

abstracts. ISK is not suitable for evaluation of abstracts from systematic reviews although 

systematic reviews comprise the highest level of evidence. An additional tool is needed 

to discriminate between systematic reviews’ quality and subsequent selection for 

presentation; this tool will need rigorous evaluation. 

The existing evaluation tools for systematic reviews need further evaluation to be 

optimally suitable for surgical meta-analysis assessment. Possible sources of heterogeneity 

in surgical technique need consideration. In analogy to the development of the CLEAR 

NPT a evaluation tool for surgical meta-analysis needs to be developed.6 The QUOROM 

statement needs further endorsement and reviewers and editorial boards should help 

investigators writing a clear report advising to use the QUOROM statement checklist 

while writing their report. The quality of reporting and scientific rigor of published 

systematic reviews in the orthopaedic literature will need ongoing evaluation. Currently 

this assessment is conducted at McMaster University.

Impact of methodological safeguard utilization in surgical trials
Treatment effects are known to be over- estimated in unblinded, non-orthopaedic 

(pharmaceutical or medical) studies.19;20;24 Ultimately this issue needs to be resolved 

in a future trial evaluating the feasibility of blinding in surgical trials and its effect on 

the magnitude of treatment effect compared to other methodological safeguards, 

like randomization and concealed treatment allocation, utilizing multivariable analysis. 

Sufficiently powered studies are needed to evaluate the impact of methodological 

safeguards utilization in surgical trials on treatment effect size.

Meta-analyses of surgical trials
Meta-analyses of surgical trails need to focus on the surgical aspects that may be variable 

in the primary studies. Subgroup analysis based on a priory hypothesis will need to be 

evaluated to explore its effect on the estimated treatment effect based on differences in 

the surgical interventions in the primary studies. Reporting formats of systematic reviews 

to help busy clinicians in decision making need further evaluation. What is the best way to 

present the evidence-based bottom-line? How will this impact clinical practice? 
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Lastly, but not least, perhaps the most difficult question to be answered in future 

research is: will EBM improve patient care? And how to measure its effect on patient 

outcome?

Conclusions

1) Recent emphasis of evidence-based orthopaedic surgery is appreciated and welcomed 

by Dutch orthopaedic surgeons and perceived to improve patient care; however 

additional educational efforts are needed to eliminate persistent misconception about 

EBM. 

2) The quality of reporting in the orthopaedic literature needs to be improved. Reports 

of orthopaedic trials should focus on utilized methodological safeguards regardless 

the trial’s study design. 

3) Summarizing current evidence to help clinicians in decision making in orthopaedic 

surgery is possible indeed, if a rigorous methodological approach is used and the data 

are presented in a clear and concise manner.
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Achtergrond

De huidige orthopedische praktijk is veelal gebaseerd op opinie. Een paradigma-

verschuiving naar evidence-based orthopedische chirurgie is wellicht nodig. Dit proefschrift 

vindt zijn oorsprong in de moeilijkheden die men tegenkomt in de orthopedische literatuur 

tijdens pogingen om klinische problemen te beantwoorden. Evidence-based medicine 

(EBM) is een nuttig hulpmiddel om drukke clinici op een systematische manier te helpen 

bij het klinische besluitvormingsproces. Toepassen van EBM bestaat uit het stellen van 

beantwoordbare vragen, het vinden van literatuur, het beoordelen van die literatuur 

en het toepassen van de bewijzen uit de literatuur op de situatie van de patiënt. Het 

kernaspect van dit proces is gebruikmaken van informatie uit de orthopedische literatuur 

bij het sturen van het klinische hulpproces.

Doel van dit proefschrift

Het doel van dit proefschrift is drieledig: 1) evaluatie van de waardering en noodzaak 

van evidence-based orthopedische chirurgie 2) evaluatie van de kwaliteit van rapporteren 

in de orthopedische literatuur en 3) het geven van specifieke voorbeelden hoe de 

aanwezige bewijslast samengevat kan worden. 

De belangrijkste bevindingen van dit proefschrift

Sectie -1- De Noodzaak van Evidence-Based Orthopedische Chirurgie
Hoofdstuk 2. Inzichten en Competentie in Evidence-Based Medicine: Worden 

Orthopedisch Chirurgen er beter in? Een enquête onder de leden van de Nederlandse 

Orthopaedische Vereniging (NOV).

Er is weinig bekend over het effect van de recente promotie van evidence-based 

medicine (EBM) op de houding van orthopedisch chirurgen ten opzichte van EBM en hun 

kennis over EBM. Wij onderzochten de attitude en kennis met betrekking tot EBM onder 

Nederlandse orthopedisch chirurgen.

De attitude ten opzichte van EBM en de competentie in EBM van orthopedisch 

chirurgen werden onderzocht met een vragenlijst, verstuurd naar de leden van de 

Nederlandse Orthopedische Vereniging. Een nieuw instrument werd ontwikkeld speciaal 

voor de chirurgische praktijk om de attitude en kennis te evalueren. Wij analyseerden 

de gegevens met Univariate analyse en met een Multivariable analyse met Generalized 

Estimating Equations.
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Van de 367 (60% van alle praktiserende NOV-leden) respondenten was het merendeel 

positief over EBM. Praktische EBM-bronnen, zoals NOV-richtlijnen en EBM-samenvattingen, 

werden gezien als de beste tactiek om de op opinie gebaseerde praktijk te veranderen 

in een op bewijs gebaseerde. Vier variabelen waren positief en significant geassocieerd 

met EBM kennis: 1) leeftijd tussen de 36 en 45 jaar (p=0.007) 2) minder dan 10 jaar 

werkervaring (p=0.032) 3) gepromoveerd zijn (p<0.001) en 4) werken in een academisch 

of opleidingsziekenhuis (p=0.004). De meerderheid (65%) was bekend met de American 

Journal of Bone and Joint Surgery’s (JBJS) EBM-sectie en 20% gebruikte deze bij klinische 

besluitvorming. Het zich bewust zijn van EBM werd tevens zichtbaar door een frequent 

gebruik van Cochrane reviews bij klinische besluitvorming (27%). Chirurgen die JBJS EBM-

abstracts en Cochrane reviews gebruikten en zij die deze kenden maar niet gebruikten, 

hadden een significant betere kennis over EBM dan chirurgen die hier niet bekend mee 

waren (respectievelijk p=0.03 en p<0.001).

Concluderend zijn Nederlandse orthopedisch chirurgen positief over EBM. De recente 

promotie van EBM wordt weerspiegeld in gevonden kennis over de JBJS EBM-sectie, de 

Levels of evidence, en de grootste EBM-bron: Cochrane reviews. De jongere orthopedisch 

chirurgen hadden een betere kennis van EBM. Ontwikkelen en gebruikmaken van 

evidence-based bronnen werden gezien als de beste tactiek om de op opinie gebaseerde 

praktijk te veranderen in een op bewijs gebaseerde.

Hoofdstuk 3. Misvattingen over het toepassen van evidence-based orthopedische 

chirurgie worden in dit hoofdstuk geëvalueerd. De meeste kritiek op EBM is geworteld 

in mythes en misvattingen. De huidige misvattingen en beperkingen van EBM kunnen 

worden samengevat in zes hoofdargumenten: 1) EBM negeert klinische expertise 2) EBM 

is niet mogelijk zonder gerandomiseerd gecontroleerde studies (RCT’s) 3) EBM gaat slechts 

over statistiek en getallen 4) het nut om EBM toe te passen op individuele patiënten is 

beperkt 5) het is voor drukbezette clinici onmogelijk om bij de tijd te blijven en bewijzen 

in de literatuur te vinden en 6) EBM is niet gebaseerd op bewijzen.

In de drukke klinische praktijk dient evidence-based orthopedische chirurgie gezien 

te worden als een gids om te helpen bij het nemen van beslissingen. Benadrukt dient 

te worden dat men evidence-based orthopedische chirurgie kan praktiseren zonder de 

aanwezigheid van gerandomiseerde studies. In zulke gevallen zal de besluitvorming 

gebaseerd zijn op andere bronnen voor de bewijsvoering zoals observationele studies. Het 

effect van evidence-based orthopedische chirurgie dient blijvend geëvalueerd te worden.

Hoofdstuk 4. Het uitvoeren van een klinische studie: Een richtlijn voor goed 

wetenschappelijk handelen.

De richtlijn voor goed klinisch handelen is ontwikkeld om een patiëntgebonden 

onderzoek ethisch te laten verlopen. Het ethische aspect staat hierbij centraal. Een 

studie kan niet beginnen voordat alle voorspelbare risico’s en ongemakken gewogen zijn 
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tegen de mogelijke voordelen voor de patiënt als participant en voor de maatschappij. 

Patiëntenveiligheid is de hoeksteen van deze leidraad voor wetenschappelijk onderzoek. 

De veiligheid en het welbevinden van de deelnemers aan de studie zijn van het 

allergrootste belang en dienen te prevaleren boven het belang van de wetenschap en de 

maatschappij. Voor de onderzoekers betekent dit een investering in tijd, maar het volgen 

van de leidraad kan daarentegen ook resulteren in een schone datacollectie terwijl de 

patiëntveiligheid wordt gewaarborgd. Het vertrouwen van de patiënt in de wetenschap 

blijft hierdoor bestaan. Chirurgische studies vereisen aandacht op specifieke punten die 

niet eerder in de “guideline for Good Clinical Practice” (GCP) zijn beschreven. Indien een 

chirurg een nieuwe of technisch uitdagende techniek moet toepassen in de studie wordt 

kundigheid een mogelijk punt van zorg. Chirurgen kunnen sceptisch zijn over een techniek 

die zij niet routinematig toepassen. Devereaux et al. hebben de “op expertise gebaseerde 

studie” naar voren gebracht om deze ethische bezwaren te overbruggen. In een “op 

expertise gebaseerde gerandomiseerde studie” wordt de deelnemer naar behandelaar 

gerandomiseerd en niet naar behandeling. Dit garandeert een behandeling door een 

gekwalificeerde en gemotiveerde chirurg die gelooft in de techniek die hij toepast, 

waardoor de kans op vertekening dus vermindert.

De conclusie van sectie -1- van dit proefschrift is dat Nederlandse orthopedisch 

chirurgen EBM appreciëren, en het er over eens zijn dat EBM de patiëntenzorg verbetert. 

Mythes over EBM berusten op misvattingen. Om deze misvattingen tegen te gaan wordt 

een richtlijn voor goed klinisch onderzoek voorgesteld.

Sectie -2- De Kwaliteit van Rapporteren in de Orthopedische Literatuur 
Hoofdstuk 5. Betekent een “Level I Evidence” rangschikking een goede kwaliteit van 

rapporteren in Orthopedische gerandomiseerde studies? 

Het scoresysteem voor “level of evidence” is een breed toegepast systeem om de 

kwaliteit van studies aan te geven. Level I vertegenwoordigt de hoogste kwaliteit. Doel van 

onze studie was om de “level of evidence” van gepubliceerde Gerandomiseerde Klinische 

Studies (RCT’s) te vergelijken met de kwaliteitsscore van de Cochrane Collaboration. 

Uit de Orthopedische tijdschriften met een hoge citatie-index selecteerden twee 

onderzoekers één orthopedisch wetenschappelijk tijdschrift dat de “levels of evidence” 

schaal gebruikte van januari 2003 tot en met december 2004. In dit tijdschrift (American 

Journal of Bone and Joint Surgery) werden alle RCT’s geselecteerd en geanalyseerd. De 

RCT’s werden beoordeeld op kwaliteit van rapporteren met het “studiekwaliteitinstrument” 

van de Cochrane Collaboration dat individuele kwaliteitsaspecten, zoals randomisatie 

beoordeelt. De correlatie tussen de “level of evidence” en de Cochrane kwaliteitsscore 

werd onderzocht. 

Alleen de American Journal of Bone and Joint Surgery gebruikte de levels of evidence en 

publiceerde 938 studies, waarvan 32 (3.4%) RCT’s. Deze RCT’s kregen het stempel level 
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I of level II. Desondanks waren de Cochrane kwaliteitsscores laag en zelden maximaal op 

individuele kwaliteitsaspecten. Verschillen tussen level I en II studies waren niet significant 

met betrekking tot de kwaliteits-items (correlatie 0.0 tot 0.2, p>0.05). 

Concluderend tonen onze bevindingen aan dat een lezer niet moet aannemen dat: 1) 

een level I (of II) studie ook een studie met hoge kwaliteit van rapporteren is en 2) dat 

de kwaliteit van de rapportage in level I studies beter is dan in level II studies. Individuele 

kwaliteitsaspecten dienen per RCT afzonderlijk beoordeeld te worden.

Hoofdstuk 6. Deel 1. Rapportage van uitkomstmaten in orthopedisch gerandomiseerde 

klinische trials (RCT’s): zijn zij altijd gevalideerd?

Als gevalideerde uitkomstmaten worden gemodificeerd zonder hernieuwde validatie 

zijn de resultaten niet langer vanzelfsprekend valide. Indien gemodificeerd en niet 

opnieuw gevalideerd, meet het instrument niet wat het bedoelt te meten. Doel van deze 

studie was om te beoordelen welke uitkomstmaten werden gebruikt in RCT’s en om te 

zien of deze uitkomstmaten gevalideerd waren of niet. 

We analyseerden alle 32 RCT’s uit de American Journal of Bone and Joint Surgery (JBJS-

Am) uit 2003 en 2004. Twee beoordelaars noteerden de gebruikte uitkomstmaten en 

controleerden of deze gevalideerd waren of niet. Ook werd genoteerd of een uitkomstmaat 

gemodificeerd was door de auteurs. Indien de uitkomstmaat gemodificeerd was, werd 

nagegaan of hervalidatie werd beschreven. De uitkomstmaten werden onderverdeeld 

in drie categorieën: 1) patiëntgeoriënteerde uitkomstmaat 2) uitkomstmaten waarvoor 

contact tussen patiënt en onderzoeker/arts noodzakelijk is en 3) uitkomstmaten waarvoor 

geen contact tussen patiënt en onderzoeker/arts noodzakelijk is.

Totaal 79 verschillende uitkomstmaten werden 147 keer beschreven. Van de 16 

“patiëntgeoriënteerde” uitkomstmaten (categorie 1) was de Visual Analogue Scale (VAS) 

de meest gebruikte (12 RCT’s, 38%) gevolgd door de SF-36 score (4 RCT’s, 13%). Van de 

51 uitkomstmaten uit categorie 2 was de Range of Motion (ROM) de meest gebruikte 

(9 RCT’s, 28%). Van de 8 uitkomstmaten uit categorie 3 was het röntgenonderzoek 

het meest gebruikte (20 RCT’s, 63%). Tien van de 32 RCT’s (31%) gebruikten een 

gemodificeerde uitkomstmaat. Hiervan beschreef 40% (4 RCT’s) niet hoe de uitkomstmaat 

was gemodificeerd. Negen van deze 10 studies beschreven niet hoe de uitkomstmaat 

was gehervalideerd.

Concluderend zijn uitkomstmaten in gepubliceerde RCT’s vaak gemodificeerd zonder 

hervalidatie. Rapportage van uitkomstmaten dient in detail te geschieden om de conclusies 

te kunnen generaliseren.

Hoofdstuk 6. Deel 2. Is blindering van de beoordelaar van uitkomstmaten echt 

belangrijk?

Bij chirurgische trials is blindering van behandelaars en patiënten vaak niet mogelijk, 

blindering van de beoordelaar van de uitkomstmaten echter nagenoeg altijd wel. Doel van 
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de studie was tweeledig: 1) Beoordelen of blindering van uitkomstbeoordelaars mogelijk 

was geweest in gepubliceerde RCT’s 2) Bestuderen van de correlatie tussen blindering en 

beschreven behandeleffect.

We selecteerden alle in de American Journal of Bone and Joint Surgery in 2003 en 

2004 gepubliceerde RCT’s. Deze 32 trials vertegenwoordigden 3.4% (32/938) van alle 

gepubliceerde studies. Elke RCT werd door twee auteurs beoordeeld op het gebruik van 

blindering. De grootte van het behandeleffect van geblindeerde en niet-geblindeerde 

trials werd vergeleken door middel van ratio van odds ratio’s. 

In 16 (50%) van de RCT’s werd geen blindering van uitkomstbeoordelaars beschreven 

terwijl dit wel mogelijk was. Het behandeleffect van continue uitkomstmaten was 

significant groter bij RCT’s waarbij de uitkomstbeoordeling niet geblindeerd was 

(standardized mean difference 0.76 versus 0.25, p=0.01). Voor dichotome uitkomstmaten 

werd een vergelijkbaar resultaat gevonden: Odds ratio niet geblindeerd 0.13 versus 

geblindeerd 0.42; p<0.001. 

Concluderend werd in 50% van de RCT’s de uitkomstbeoordelaar niet geblindeerd 

terwijl dit theoretisch wel mogelijk was. De ratio van de odds ratios (0.31) suggereert een 

overschatting van het behandeleffect bij RCT’s zonder geblindeerde uitkomstbeoordelaars. 

Om bias te voorkomen zou blindering, waar mogelijk, moeten worden toegepast.

Hoofdstuk 7. Elkaar overlappende systematische reviews bij vergelijking van 

voorste-kruisbandreconstructie met hamstringtransplantaat en bot-patellapees-bot-

autotransplantaat. Waarom is er verschil?

Gepubliceerde systematische elkaar overlappende reviews over hetzelfde onderwerp 

maken de keuze tussen bot-patellapees-bot-autotransplantaat en hamstringpees-

autotransplantaat moeilijk. Ons doel was om de oorzaken van het verschil tussen de 

elkaar overlappende systematische reviews te evalueren en de kwaliteit van de publicaties 

en hun interne validiteit vast te stellen.

Wij zochten in MEDLINE, in de Cochrane Database en EMBASE naar publicaties 

waarin voorste kruisbandreconstructies met hamstringpees- of bot-patella-pees-bot-

autotransplantaat door middel van systematische reviews werden vergeleken. We gingen 

na of er tussen de elkaar overlappende reviews over en weer vermelding voorkwam en 

wat de reden was om die reviews te herhalen. Bij het bepalen van de kwaliteit van de 

reviews werd de Reporting of Meta-analyses (QUORUM) lijst gebruikt. Bij de bepaling van 

de interne validiteit door tenminste twee beoordelaars gold de Oxman and Guyatt index 

als maatstaf voor de kwaliteit van de gebruikte methoden. De overeenstemming tussen 

de beoordelaars werd gemeten met de intraclass correlation coëfficiënt (ICC). Wij gingen 

de sensitiviteitsanalyse in de uitgevoerde reviews na.

Wij vonden 11 elkaar overlappende systematische reviews. Drie reviews gaven de 

voorkeur aan het patellapeestransplantaat vanwege de stabiliteit, één beoordeling 

adviseerde het hamstringtransplantaat. Zes keer was het hamstringtransplantaat in 

289



Chapter 14 

het voordeel ter voorkoming van anterieure kniepijn. Uit de overige reviews kon geen 

conclusie worden getrokken. Slechts in zes beoordelingen werden eerder gepubliceerde 

systematische reviews over hetzelfde onderwerp genoemd en slechts twee hiervan 

vermeldden alle op dat tijdstip beschikbare systematische beoordelingen. De kwaliteit 

van de verslagen lag tussen 5 en 18 (mediane score 12, maximum score=18). De 

interne validiteit varieerde van 1 tot 7 (mediane score 2, maximum score=7). Tussen de 

beoordelaars bestond bijna volledige overeenstemming (ICC= 0.83 en 0.93). Een formele 

sensitiviteitsanalyse werd zelden gebruikt. In de review met de hoogste kwaliteit kwam 

het hamstringtransplantaat ter voorkoming van anterieure kniepijn als beste naar voren 

en werd een zwak bewijs gevonden dat het bot-patellapees-bot-transplantaat een betere 

stabiliteit opleverde.

Concluderend verschilden de elkaar overlappende systematische reviews in kwaliteit 

van verslaglegging, interne validiteit en resultaten. Bij overlappingen of tegenstrijdigheden 

in systematische reviews moet iedere review worden getaxeerd op zijn methodologische 

kwaliteit voordat deze als richtsnoer kan dienen bij klinische besluiten of beleid.

Hoofdstuk 8. Overeenstemming tussen beoordelaars over de beoordeling van 419 

abstracts voor wetenschappelijke orthopedische vergaderingen.

De selectie van voordrachten voor orthopedische bijeenkomsten is een belangrijk 

proces. Als de beoordelaars het niet consistent en unaniem eens zijn over de kwaliteit 

van abstracts is het proces van beoordeling willekeurig en vatbaar voor vertekening. Het 

doel van dit onderzoek was: 1) Beschrijven van de eenstemmigheid van verschillende 

beoordelaars over een eerder opgezet abstracts-beoordelingsschema voor de aanvaarding 

van samenvattingen die voor presentatie aan de Nederlandse Orthopedische Vereniging 

(NOV) werden gestuurd 2) Nagaan of de kwaliteit van de ingezonden samenvattingen in 

de jaren na de invoering van het beoordelingsschema was toegenomen 3) Onderzoeken of 

een beoordelingsproces met een grotere werkbelasting een geringere overeenstemming 

tussen de verschillende beoordelaars had.

Wij berekenden de intraclass correlation coëfficiënt (ICC) om het overeenstemmingniveau 

tussen de reviewers te meten waarbij wij gebruikmaakten van de kwaliteitseisen voor 

abstracts van de International Society of the Knee (ISK). De voorwaarden voor aanvaarding 

en de kwaliteit van de samenvattingen worden beschreven.

Van de 419 samenvattingen werden er 229 (55%) aanvaard. De overeenkomst tussen de 

beoordelaars over de toelating van samenvattingen was aanzienlijk 0.68 (95%CI 0.47. 0.83) 

tot bijna volledig 0.95 (95%CI 0.92, 0.97) en deze overeenkomst veranderde gedurende 

de onderzoeksperiode niet. Na 2004 werden er minder samenvattingen aanvaard 

(p=0.039). De gemiddelde ISK-abstractbeoordelingsscore, maximaal 100 punten, van de 

aanvaarde samenvattingen lag tussen 60.4 (95%CI 75.7, 63.0) en 63.8 (95%CI 62.0, 

65.7). De gemiddelde ISK-beoordelingsscore voor afgewezen samenvattingen wisselde 

van 45.8 (95%CI 40.3, 51.2) tot 50.5 (95%CI 46.5, 54.8). De beide scores voor aanvaarde 
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en afgewezen samenvattingen veranderden gedurende de onderzoeksperiode niet. De 

werkbelasting van de beoordelaars had geen invloed op hun overeenstemmingniveau.

Concluderend voldoet het ISK-systeem voor beoordeling van samenvattingen 

voortreffelijk als selectie-instrument met uitstekende beoordelaarsovereenkomst. Andere 

wetenschappelijke orthopedische vergaderingen, in een lokale of internationale setting, 

zouden het ISK-beoordelingssysteem voor nadere evaluatie kunnen invoeren.

Sectie -2- samenvattend kan gesteld worden dat de kwaliteit van rapporteren in de 

orthopedische literatuur verbetering behoeft.

Sectie -3- Voorbeelden van Samenvatting van Aanwezig Bewijs
Hoofdstuk 9. Conservatieve behandeling voor gesloten vijfde (pink) metacarpale 

nekbreuken

Er is onvoldoende bewijs om vast te stellen welke van een aantal veel gebruikte 

niet-operatieve methodes de beste is voor het behandelen van breuken in het vijfde 

metacarpale bot van de hand.

Breuken van het vijfde metacarpale bot in de hand komen vaak voor en worden vaak 

veroorzaakt door het slaan op een hard object. Methodes die gebruikt worden om de 

breuk te behandelen zijn o.a. de hand in een spalk laten rusten totdat de breuk genezen 

is, diverse typen deel-spalken die het bewegen van de gewrichten en het gebruiken van 

de hand mogelijk maken of een drukverband waarbij volledige beweeglijkheid mogelijk 

is. In dit review werden vijf studies geïdentificeerd die een van deze methodes hadden 

vergeleken met een andere. Er was geen bewijs dat een van de methodes beter was dan 

een andere.

Hoofdstuk 10 had tot doel het hoogste niveau van bewijsvoering voor de operatieve 

behandeling van enkelfracturen te evalueren. Het ging specifiek om studies die 1) niet 

operatieve vs. operatieve behandeling van enkel fracturen 2) biologisch afbreekbare vs. 

metalen implantaten 3) syndesmose fixatie en 4) postoperatieve revalidatieprotocollen 

vergeleken.

Gezien de beperkingen van de huidige studies is het moeilijk om heldere aanbevelingen 

te doen voor de praktische operatieve behandeling van enkelfracturen. Het is duidelijk dat 

er grote gerandomiseerde studies mogelijk en nodig zijn, gebruikmakend van gevalideerde 

functionele en klinische uitkomsten om te helpen deze vragen te beantwoorden.

Hoofdstuk 11 had als doel het effect van verschillende behandelingsopties op 

fractuurgenezing, gestoorde genezing, beenlengteverschil, complicaties en uitkomsten 

voor femurfracturen op de kinderleeftijd te meten. Ongeacht de behandelingsopties was 

het voorkomen van pseudarthrose 0.2% en van malunion 10.3%. Een vroeg spicagips 

vermindert de complicaties en de duur van ziekenhuisopname vergeleken met behandeling 

291



Chapter 14 

in tractie. Operatieve behandeling vermindert het aantal malunions. Wij vonden geen 

verschil in beenlengte tussen de operatief behandelde patiënten en de niet-operatief 

behandelde patiënten. Dit kan het gevolg zijn geweest van de groepsgrootte in de RCT 

die externe fixatie vergeleek met het aanleggen van een vroeg spicagips. Intramedullaire 

fixatie vermindert de kans op malunion en het totale aantal complicaties vergeleken 

met tractie en gips. Toekomstige multicentre RCT’s zijn nodig om de beste operatieve 

behandeling te vinden: “intramedulaire (IM) flexibele pennen versus externe fixatie”, “ IM- 

flexibele pennen versus submusculaire plaat” en bij adolescenten “flexibele versus rigide 

IM-fixatie”. Tenslotte illustreert dit systematische review verschillen in behandelingseffect 

tussen RCT’s en case series.

Hoofdstuk 12 rondt sectie -3- af en had als a priori hypothese dat met cumulatieve 

meta-analyse (een vorm van sensitiviteitsanalyse) al eerder dan in 2006 had kunnen 

worden aangetoond dat een hamstringtransplantaat de morbiditeit reduceert. Een 

tweede a priori hypothese in dit hoofdstuk was dat een moderne state-of-the-art 

hamstringtransplantaat-fixatietechniek dezelfde resultaten voor stabiliteit zou geven als 

een bot-pattellapees-bot-transplantaat indien geanalyseerd in een subgroep. 

Deze analyse laat zien dat het gebruik van sensitiviteitsanalyse de conclusies van een 

meta-analyse gebaseerd op een a priori hypothese verder kan verhelderen. Vooral in een 

meta-analyse over chirurgische studies is het van belang om rekening te houden met de 

verschillen in chirurgische technieken. Deze verschillen kunnen geanalyseerd worden in 

een subgroep zoals dit hoofdstuk illustreert. Dit voorbeeld van sensitiviteitsanalyse over 

fixatietechnieken verzwakt het bewijs dat bot-patellapees-bot-autotransplantaten een 

betere stabiliteit geven wanneer state-of-the-art fixatietechnieken gebruikt worden voor 

hamstringpees-autotransplantaat fixatie. De cumulatieve meta-analyse versterkt het bewijs 

dat hamstringpees-autotransplantaten anterieure kniepijn verminderen. Het combineren 

van kennis over chirurgische technieken en sensitiviteitsanalyse in meta-analyses kan de 

klinische toepasbaarheid van een specifieke techniek versterken.

Samenvattend illustreert sectie -3- de mogelijkheid om het huidige aanwezige bewijs 

te condenseren om clinici the helpen bij besluitvorming. Echter, chirurgische aspecten, 

zoals schijnbaar kleine verschillen in chirurgische techniek of verschillen in pre-, peri- en 

postoperatieve behandelingsregimes in de primaire studies verdienen speciale aandacht. 

Samenvatting van de Discussie

Enkele sterke en zwakke punten van het onderzoek
De EBM enquête gehouden onder Nederlandse orthopedisch chirurgen, zoals 

beschreven in hoofdstuk 2 heeft als sterk punt dat een responsepercentage van 60% 
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werd gehaald. Echter, wij zijn niet geïnformeerd over 40% van de leden van de NOV. Dit 

kan komen door een afkeer van de huidige promotie van EBM in het algemeen en meer 

specifiek van de zoveelste opgestuurde vragenlijst. Een ander beperkende factor is het 

zelfgerapporteerde formaat. Wij zijn dus niet geïnformeerd over het werkelijke gebruik 

van EBM-hulpmiddelen in de dagelijkse orthopedische praktijk.

Hoofdstuk 3 en 4 hebben als beperking dat zij als narratieve overzichten zijn 

geschreven.

De kracht van de studies in sectie -2- kan worden samengevat in het feit dat 

meerdere beoordelaars de artikelen hebben beoordeeld met goede inter-beoordelaar-

overeenstemming. Er bestaat echter geen gouden standaard voor het evalueren van de 

kwaliteit van een onderzoeksrapport. Menselijke fouten kunnen hebben geresulteerd in 

verminderde accuratesse tijdens het abstraheren van de gegevens uit de studies. Zelfs 

indien de beoordelaars het eens waren, konden zij het als groep nog bij het verkeerde eind 

hebben doordat observaties gebaseerd zijn op percepties en een cognitief proces. Voorts 

is de reproduceerbaarheid van de beoordeling niet geëvalueerd. We zijn geïnformeerd 

over de overeenstemming tussen de beoordelaars tijdens het onderzoek, maar wij weten 

niet of bij herhaling deze resultaten gereproduceerd kunnen worden. Ook is de intra-

beoordelaarovereenstemming niet geanalyseerd. Consensusbijeenkomsten zijn wellicht 

de gouden standaard bij het beoordelen van een studie, maar de consensus kan gestuurd 

worden door een sterke persoonlijkheid van één van de deelnemende beoordelaars.

Een volgende mogelijke beperking kan de retrospectieve verzameling zijn geweest van 

de geïncludeerde studies. Voorts is het aantal studies relatief klein vergeleken met de 

grote hoeveelheid totaal aanwezige studies in de huidige literatuur. Het generaliseren van 

de bevindingen van dit proefschrift dient dan ook met voorzichtigheid te geschieden.

De beperkingen en kracht van sectie -3- zijn vooral gelegen in de aanpak van een 

review. Een Cochrane review is zeer systematisch opgebouwd en het protocol ondervindt 

een peer review proces. Hierdoor is er minder kans op post hoc protocoldeviaties en 

data-dreggen. Een nadeel is het tijdrovende karakter waardoor bewijs later de praktijk 

bereikt. Ook is het uitsluiten van niet-RCT’s mogelijk een beperking voor de orthopedische 

praktijk waarbij mogelijk een deel van het bewijs geleverd wordt door retrospectieve 

onderzoeken.

Implicaties van dit proefschrift
De concepten van EBM worden positief ontvangen door de NOV-leden en gezien als 

een verbetering voor de patiëntenzorg. Echter, de huidige misvattingen over EBM en de 

onbekendheid met EBM rechtvaardigen verdere scholing in de principes van EBM van 

orthopedisch chirurgen in Nederland.

Praktische EBM-samenvattingen werden gezien als de beste methode om orthopedisch 

chirurgen te helpen met het toepassen van EBM in de praktijk. Dit past in de reeds 

ingeslagen weg van de NOV. Er bestaat een mogelijke rol voor het Nederlands Tijdschrift 
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voor Orthopedie en het Nederlands Tijdschrift voor Traumatologie om EBM verder te 

promoten en drukbezette chirurgen te voorzien van evidence-based bottom-lines, 

in het ideale geval online beschikbaar. Voorts zou er een rol kunnen bestaan voor 

organisaties zoals de “Arbeitsgemeinschaft für Osteosynthesefragen (AO foundation)” 

en de “Association Internationale pour L’Ostéosynthèse Dynamique (A.I.O.D.)” om EBM- 

samenvattingen aan te bieden aan chirurgen.

Een van de implicaties van dit proefschrift heeft geresulteerd in een initiatief om EBM 

aan te bevelen. De Internationale Evidence-Based Orthopedische Chirurgie Werkgroep 

(The International Evidence-Based Orthopedic Surgery Working Group) is een groep 

orthopedisch chirurgen en epidemiologen met een sterke interesse in studiemethodologie 

en evidence-based orthopedische chirurgie. In 2007 zal de werkgroep een serie artikelen 

presenteren in Acta Orthopaedica, met een onderwijsaspect om chirurgen meer 

duidelijkheid te geven over EBM.

Helaas kan EBM misbruikt worden door verzekeringsmaatschappijen en managers 

om kosten te besparen. Een veel gehoord argument is: “er is geen bewijs voor deze 

behandeling, dus vergoeden wij het niet”. Een kenmerkend onderdeel van EBM is klinische 

expertise, een competentie die verzekeringsmaatschappijen en managers misschien 

duidelijk missen. Chirurgen bepalen wat het beste is voor een patiënt, EBM is een stuk 

gereedschap om the helpen bij klinische besluitvorming en berust op multifactoriele 

aspecten. “Geen bewijs” is een comfortabele interpretatie van beperkt bewijs door 

individuen zonder klinische expertise. Wat is de kennis van politici, ziekenhuismanagers 

en beleidsmakers over EBM?

Uitkomstbeoordeling met gevalideerde patiëntgebonden uitkomstmaten is belangrijk. 

Deze uitkomstmaten dienen niet aangepast te worden zonder een zorgvuldige 

hervalidatie. Indien mogelijk dient uitkomstbeoordeling geblindeerd te geschieden of, ten 

minste, door een onafhankelijke uitkomstbeoordelaar. 

Helder rapporteren in wetenschappelijke artikelen zal lezers helpen bij het kritisch 

beoordelen van het onderzoek en zal auteurs van sytematic reviews helpen bij het 

abstraheren van gegevens voor meta-analyse. Extra aandacht dient daarbij besteed te 

worden aan het rapporteren van gebruikte methodes om vertekening in de studie te 

voorkomen. Hier kunnen het CONSORT (The COnsolidated Standards Of Reporting Trials) 

statement, CLEAR NPT (CheckList to Evaluate A Report of a Non-Pharmacological Trial) en 

Cochrane studie-beoordelingsinstrument een rol spelen. Om een abstract te beoordelen 

kan het beste gebruikt gemaakt worden van het ISK-abstractbeoordelingssysteem. 

Sectie -3- geeft aan dat systematic reviews een goede manier zijn om bewijs samen te 

vatten voor orthopedisch chirurgen.
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Toekomstig onderzoek

Dit proefschrift stelt de volgende onderzoeksvragen voor toekomstig onderzoek: 1) 

Verandert de houding ten opzichte van EBM onder orthopedisch chirurgen en andere 

snijdend specialisten in verloop van tijd? 2) Hoe moeten we een wetenschappelijk rapport 

van een chirurgische studie en een chirurgisch systematisch review evalueren? 3) Wat is 

het effect van het gebruik van methodologische veiligheidsmaatregelen in chirurgische 

studies op de grootte van het behandelingseffect? 4) Wat is het effect van chirurgische 

aspecten van de primaire chirurgische studies in meta-analyses? 

Tenslotte, wellicht de moeilijkste vraag voor toekomstig onderzoek: zal EBM de 

patiëntenzorg verbeteren en hoe kunnen we het effect hiervan op patiëntgebonden 

uitkomsten meten?

Conclusies

1) Nederlandse orthopedisch chirurgen waarderen de nadruk die er de laatste tijd wordt 

gelegd op evidence-based medicine en zij stellen vast dat EBM een verbetering van de 

zorg voor de patiënt betekent; verdere scholing is echter nodig om bestaande onjuiste 

ideeën over EBM uit de wereld te helpen.

2) De kwaliteit van rapporteren in de orthopedische literatuur kan worden verbeterd. 

Publicaties over orthopedische trials moeten voldoen aan methodologische 

veiligheidsmaatregelen, ongeacht de studieopzet. 

3) Het is mogelijk om bestaande bewezen behandelingsmethoden samen te vatten 

teneinde clinici te helpen bij hun besluit tot orthopedisch-chirurgische interventie op 

voorwaarde dat er een strakke methodologische benadering wordt gebruikt en dat de 

gegevens op heldere en beknopte wijze worden gepresenteerd.
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Epilogue

An early description of evidence-based medicine as a paradigm shift was attention-

catching, but faced criticism for being overblown. The impact of EBM on orthopedic 

surgery, as Dr. Poolman’s thesis illustrates, suggests that the paradigm-shift characterization 

may well be appropriate.

More than other areas, surgery has focused on technical skills and respect for authority, 

and this is at least as true for orthopedics as other surgical disciplines. This thesis is part 

of a wave of change that is fundamentally challenging this old paradigm. Rigorously 

testing alternative strategies, and rigorously summarizing available evidence, is rapidly 

becoming the new standard for optimizing orthopedic clinical practice.

Dr. Poolman’s thesis gives us considerable grounds for optimism regarding the rapidity 

of the paradigm shift within orthopedic surgery. Dutch orthopedic surgeons are open 

to evidence-based approaches, and are becoming more knowledgeable. Blinding of 

outcome assessment in orthopedic trials is possible, and will improve validity. Reviewers 

can agree on scientific standards for abstracts submitted for meetings, and reproducibly 

apply those standards. Orthopedic communities are open to being educated regarding 

standards for optimal research practice. Systematic reviews can summarize relevant 

evidence to provide authoritative and valid guides for clinical practice.

Dr. Poolman’s thesis also provides some direction for how evidence-based orthopedics 

can evolve. Trials can become more rigorous and more clinically helpful by consistently 

ensuring concealed randomization, careful measurement, near-complete follow-up, 

blinded adjudication of outcomes, adequate length of follow-up and sample sizes 

adequate to provide definitive answers to key questions. Investigators can collaborate 

in working together on large multi-national trials, and in providing all the information 

necessary to ensure a valid presentation of their data in systematic reviews.  Orthopedic 

surgeons can begin to see the relevance of not only the hierarchy of evidence, but also 

the second key principle of EBM, the necessity to consider individual patient values and 

preferences.

This is a rare and wonderful PhD thesis in that it represents an important forward step 

in a movement that will see the face of orthopedic surgery change dramatically in the 

next decade.

Gordon Guyatt
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