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Abstract Systematic reviews and meta-analyses constitute
one of the central pillars of evidence-based medicine.
However, clinical trials are poorly reported which delays
meta-analyses and consequently the translation of clinical
research findings to clinical practice. We propose a Center
of Excellence in Research Reporting in Neurosurgery
(CERR-N) and the creation of a clinically significant
computational ontology to encode Randomized Controlled
Trials (RCT) studies in neurosurgery. A 128 element strong
computational ontology was derived from the Trial Bank
ontology by omitting classes which were not required to
perform meta-analysis. Three researchers from our team
tagged five randomly selected RCT’s each, published in the
last 5 years (2004–2008), in the Journal of Neurosurgery
(JoN), Neurosurgery Journal (NJ) and Journal of Neuro-
trauma (JoNT). We evaluated inter and intra observer
reliability for the ontology using percent agreement and
kappa coefficient. The inter-observer agreement was

76.4%, 75.97% and 74.9% and intra-observer agreement
was 89.8%, 80.8% and 86.56% for JoN, NJ and JoNT
respectively. The inter-observer kappa coefficient was 0.60,
0.54 and 0.53 and the intra-observer kappa coefficient was
0.79, 0.82 and 0.79 for JoN, NJ and JoNT journals
respectively. The high degree of inter and intra-observer
agreement confirms tagging consistency in sections of a
given scientific manuscript. Standardizing reporting for
neurosurgery articles can be reliably achieved through the
integration of a computational ontology within the context
of a CERR-N. This approach holds potential for the overall
improvement in the quality of reporting of RCTs in
neurosurgery, ultimately streamlining the translation of
clinical research findings to improvement in patient care.
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Introduction

Systematic reviews and meta-analyses (SR-MAs) constitute
one of the central pillars of evidence-based medicine
(Manchikanti et al. 2008; Sackett 1996), summarizing the
best available evidence to answer specific clinical ques-
tions. SR-MAs also constitute an important component of
clinical practice guidelines, thus establishing the connection
between clinical research and clinical practice (Manser and
Walters 2001).

Although SR-MAs have an important role in evidence-
based practice, their creation and maintenance is a complex
and demanding process. First, the information contained in
original articles used to generate SR-MAs can often be
poorly reported, ultimately causing data to be left out of

A. Zaveri (*) : B. T. Ang
National Neuroscience Institute,
Singapore, Singapore
e-mail: Amrapali_Jyotindra_ZAVERI@ttsh.com.sg

A. Zaveri : J. Shah : S. Pradhan :R. Pietrobon
Duke-NUS Graduate Medical School,
Singapore, Singapore

E. Chan
Australasian Cochrane Centre,
Singapore, Singapore

O. Dameron
INSERM U936, Universite de Rennes1,
Rennes, France

L. Cofiel
Research on Research Group,
Sao Paulo, Brazil

Neuroinform (2010) 8:261–271
DOI 10.1007/s12021-010-9079-5



SR-MA (Moher et al. 2008). The inclusion of reports of low-
quality Randomized Controlled Trials (RCTs) in meta-
analysis is likely to affect the estimates of intervention
efficacy (Moher et al. 1998; Biesen et al. 2008). Also,
without complete, clear and transparent reports, readers
cannot judge the reliability and usefulness of health research
(Moher et al. 2008). Second, in the event of poor quality
reporting/incomplete articles, meta-analysts frequently need
to communicate with the authors of these papers. It adds
significant delay to the already time consuming meta-
analysis process. Consequently the translation of clinical
research findings to clinical practice is delayed.

Over the last decade, there have been numerous efforts to
improve the quality of reporting for randomized-trials, meta-
analyses, diagnostic studies, non-randomized designs and
observational biomedical research studies by establishing
standards, checklists and guidelines (Moher et al. 2000;
Stroup et al. 2000; Moher et al. 2001a; Bossuyt 2004;
Jarlais et al. 2004). As a consequence reporting quality has
significantly improved in many areas of biomedical research
(Moher et al. 2001a; Kane et al. 2007; Fung et al. 2009; Han
et al. 2009), though it is still not standardized or optimal
(Bossuyt 2004; Wilczynski 2008; Xu et al. 2008). Impor-
tantly none of the reporting guidelines fully incorporate the
full set of trial details required for the conduct of SR-MA’s
(Meinert et al. 1984; Pocock et al. 1987; Clarke and Stewart
1994; Meinert 1998; Moher et al. 2001b) For example the
CONSORT (Consolidated Standards of Reporting Trials)
statement, which is a check-list developed to alleviate the
problems arising from inadequate reporting of RCTs,
includes only 22 of the 100 items needed for successfully
conducting SR-MA’s (Altman et al. 2001; Hopewell et al.
2008).

Ontologies are alternative methods to creating reporting
standards of research articles. By definition, ontology is a
specification of a conceptualization (Gruber 2008). They
provide structured vocabularies, definitions and reasoning
that enable standardized and semantically interconnected
machine readable sections in a research article. The search
process is very time consuming and there are chances of
missing important articles. With machine-readable articles,
the ontologies can assist and thus increase speed in searching
for relevant articles as well as ensure that all related articles
are included. Also, ontologies not only improve research
reporting but also provide a method to simultaneously
extract qualitative and quantitative information from constit-
uent research articles thus enabling semi-automation of the
meta-analysis process, as well as facilitating real time meta-
analysis (Cook et al. 2007). In this context, The Trial Bank
ontology (Sim and Detmer 2005) was one of the first frame-
based ontologies developed for RCT’s. Frame-based ontol-
ogies are those based on frames, which are equivalent to
classes in object-oriented systems and represent collection of

instances, and slots, which are equivalent to attributes thus
providing greater structure to the ontology representation. It
proposed the co-publication of RCT articles in prose and
machine readable formats (Sim et al. 2000, 2001). However,
the Trial Bank ontology is not being widely used for SR-MA
as it is highly comprehensive and lacks terms that are needed
for the conduct of SR-MAs. Thus there is a lack of an RCT
ontology focused on SR-MAs that can semi-automate the SR
MA process and update it in real time.

We propose to create a Center of Excellence in Research
Reporting (CERR) that will not only set standards for RCT
reporting using ontology but will also serve as a repository
that will support immediate update of meta-analysis and
facilitate real time meta-analysis. In this endeavor rather
than preparing ontology from scratch we will modify the
Trial Bank ontology to make it more purpose specific. In
the context of a CERR ontology, accuracy and observer
annotation consistency will not only determine the accuracy
of reporting but will also significantly influence the meta-
analysis report. Despite its importance, the degree of
agreement in the same observer as well as among different
observers annotating the same article using an ontology is
rarely evaluated in the literature. Yet, agreement should be
taken into consideration during ontology evaluation be-
cause using an ontology involves applying a categorization
and the usefulness of that categorization depends on
consensus among “categorizers”. Although some authors
are aware of the importance of agreement for testing
reliability of standards and have investigated alternatives
for measuring agreement (Hripcsak and Heitjan 2002;
Petersson et al. 2002), surprisingly, this gap is present even
in areas where the issues associated with lack of observer
agreement have been well documented, such as in the case
of ontology-assisted meta-analyses (Tendal et al. 2008). For
example, although the Trial Bank ontology adheres to strict
ontology engineering principles, to our knowledge it’s inter
and intra-observer reliability has not been evaluated up to
this point. The most thorough examination of the issue of
reliability for meta-analysis is a study of inter-rater
reliability. Since the distinction between what is intended
to be measured and what one can reliably measure may
decrease the quality of information collected and interfere in it
usefulness (Petersson et al. 2002), agreement between
ontology users is of great importance. If there is little
agreement among the raters, then their responses are
unreliable and the quality of the reference standard is
suspected.

Rather than applying CERR to a broad biomedical research
domain we decided to focus on the improvement of trial
reporting in neurosurgery. Previous studies have noted that
reporting of neurosurgical randomized trials is frequently of
poor quality (Haines 1983) and needs higher accuracy
(Vranos et al. 2004). Further, being a diverse discipline
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traversing many scales and employing many data types,
ontologies provide a suitable means to integrate data across
neurosurgery. Such integration will help facilitate SR MA’s
and ultimately improve quality of patient care. In the context
of CERR, it will initially help validate the concept, which
can later be scaled up and applied to clinical trial reporting in
different fields of biomedical research. Ontologies, when
applied to field of neurosurgery will not only help
standardize clinical data reporting but also facilitate integrat-
ing the sparse data and subsequently stream-lining the meta-
analysis process, ultimately achieving answers to important
questions with regards to neurosurgery clinical practice.

This article addresses the issues outlined earlier in three
phases. First, it describes the concept of Center for
Excellence in Research Reporting in Neurosurgery
(CERR-N), which will encode manuscripts leading to
improved and standardized research reporting, data extrac-
tion and semi-automated incorporation in SR-MAs. Second,
it describes the structured classifications used to encode
these articles in the form of computational ontologies.
Specifically, it describes the development of a computa-
tional ontology for Randomized Controlled Trials (RCTs).
Lastly, it describes the inter and intra observer agreement to
check for the ontology’s accuracy and consistency in
tagging a manuscript.

Methods

Computational Ontology Development

The RCT ontology we created was derived as a sub-set of the
RCT ontology created for the Trial Bank Project, with
additional input from Cochrane experts (EC and FS).
Specifically, we created a list of classes from the Trial Bank
ontology and compared them with the elements currently
collected in RevMan (Review Manager), which is a software
used to support the production of systematic reviews to ensure
a standard format for inclusion in the Cochrane Database of
Systematic Reviews. It can perform meta-analysis of the data
entered, and present the results graphically. We obtained input
from the two Cochrane members about which classes should
be included or excluded. Based on a series of meetings and
discussions, we modified the ontology and included only
those classes specific to MA. We attempted to reproduce both
the qualitative tables used to compare studies as well as the
individual point estimates and confidence intervals related to
tables for the meta-analysis. The class and sub-class structure
was maintained in the derived ontology. An ontology expert
(OD) helped create the relationships between the various
classes in the ontology.

We developed the ontology by creating classes and their
definitions, which when instantiated would assist in the

meta-analysis process. We implemented the following
steps mentioned in Noy and Mcguinness’s (Noy and
McGuinness 2001) guide for creating a new ontology: (1)
Determine the domain and scope: Since our purpose was
to be able to perform meta-analysis, we aligned the classes
in the ontology accordingly; (2) Consider reusing existing
ontology: Rather than building an ontology from scratch
we decided to reuse portions of the Trial Bank ontology
that were relevant to our endeavour. We omitted classes
that were outside our scope; (3) Enumerate important
terms: We wrote down all relevant terms expected to
appear in the ontology and then created definitions for
each of the classes which were included in the final
version of our ontology; (4) Define classes and class
hierarchy: The classes and class hierarchy was maintained
as present in the Trial Bank ontology; (5) Define
properties of classes: Properties such as objective and data
type properties as well as subclass relationship, domain,
range, disjointness amongst sub-classes was defined while
creating the ontology; (6) Define facets: Different facets
such as cardinality, values, relationships, restrictions,
inconsistencies was defined for the classes in the ontology;
(7) Create instances: Instantiation of the ontology was
specific to a single clinical trial; (8) Check for anomalies:
We checked for inconsistencies after creating the ontology
by using the Racer OWL tool (Racer Systems GmbH &
Co. KG, 2004). The validation of the ontology was done
by using the SPARQL query language, that would allows
us to retrieve instances of the classes based on the
information we require.

Observer Agreement

Initially, we tagged five randomly selected RCT’s from the
Journal of Neurotrauma, published within the last 5 years
(2004–2008). We chose only one journal initially so that we
could measure the ontology’s accuracy based on the small
sample, make changes if required and then apply it to all 15
articles from three journals. Three observers (JS, AZ, SP)
tagged the five articles using the ontology. The tagging took
an average of one hour per paper. We calculated inter-
observer kappa-coefficients and overall percent agreement
for all five articles for the three observers. Based on the
analysis and further discussion, we modified the ontology
to make its classes and definitions clearer and aligned with
the goal of facilitating the process of meta-analysis. The
three observers, two with a background of ontologies (AZ
and SP) and third with a clinical background (JS), were
then e-trained, that is over the internet by using video
conferencing and Skype, on the ontology class and sub-
class meanings. This was followed by a repeated evaluation
of inter and intra observer reliability, for the articles from
the Journal of Neurotrauma.
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Thereafter, we tagged five randomly selected RCT’s
from both the Journal of Neurosurgery and Neurosurgery
Journal, published within the last 5 years (2004–2008). We
calculated the inter-observer agreement, overall percent
agreement and intra-observer agreement for all the articles
for each of the journals. Also, we analyzed the results and
identified those elements which were used by two or all
observers more frequently than the ones not used at all.
Those which were used by only one of the observers were
not considered to be frequent.

The inter and intra observer agreement was calculated
using kappa statistic or coefficient. A kappa of one
indicates perfect agreement, whereas a kappa of zero
indicates agreement equivalent to chance. Agreement
among observers was evaluated using kappa coefficient
calculated with 95% confidence intervals and also by
percent agreement. The R language (http://www.r-project.
org/, version 2.8.1) was used for the inter & intra observer
agreement calculations. The inter-observer agreement was
calculated using Fleiss’s kappa statistic as it is usually used
when there are more than two observers. The intra-observer
agreement was calculated using Cohen’s kappa statistics, as
it is usually used when there are two observers, in this case
two events were considered of tagging the first time and
then after one week.

Article Selection

Journals Included

The Journal of Neurosurgery (JoN), Neurosurgery journal
(NJ) and the Journal of Neurotrauma (JoNT) were hand-
searched to retrieve all RCT’s published within the last
5 years. The operational definitions served as guidelines to
choose or reject certain studies.

Design Definition and Inclusion Criteria

Randomized Controlled Trials which included detailed
information about the study were selected in our analysis.
Details such as a) trial design mentioning few or all of the
following: prospective, randomized, double-blinded,
placebo-controlled, multi-center trials; b) Hypothesis, ob-
jective and outcomes of the trials; c) Particulars of the
experimental arm, comparison arm, drug and placebo used;
d) Number of population enrolled, screened, randomized,
excluded post randomization, calculation of the sample size
as well as details of the randomization and the blinding
involved; e) Explicit mention of the inclusion and exclusion
rule for the population; f) Primary recruitment flowchart of
the population; g) Mention of follow up activity, duration,
adverse effects, patient safety; and h) Statistical analysis
along with the results obtained.

Sample Selection

A sample of five articles from each journal was selected. The
article details such as year of publication, journal volume, title
and link to download the full text, were populated in a
spreadsheet. Using the R language (http://www.r-project.org/,
version 2.8.1), a random number sequence was generated
and five articles from each journal were selected to form the
sample. The articles were numbered starting from serial
number one and the random number sequence was corre-
sponded with the serial numbers in the spreadsheet.

Article Encoding

Three observers (JS, AZ, SP) tagged five articles, from
respective journals, using the corresponding computational
ontology, tagging being repeated after 1 week for evalua-
tion of intra-observer agreement. A figure demonstrating
how this tagging was performed using OntoClassTag is
displayed in Fig. 2.

Center for Excellence in Research Reporting
in Neurosurgery (CERR-N)

The goal of CERR-N is to provide a resource for clinical
researchers in Neurosurgery so that the overall quality of the
reporting of their manuscripts is improved at the time of the
publication of their articles. This standardization is aimed at
facilitating the subsequent extraction of information from
each of these papers so that they can be included in future SR-
MAs. Specifically, the CERR-N focuses on articles using the
research design category for Randomized Controlled Trials
(RCTs). We envision the services of CERR-N to be
incorporated on a world-wide basis. Research projects,
pertaining to neurosurgery, turn into research papers, which
will be accepted by CERR-N. The articles will be reviewed at
the point of submission to ensure consistent quality of articles
present in CERR-N. The reporting standards, as specified by
our ontology, will be applied to the papers and feedback will
be provided to ensure that each manuscript contains the
required main elements listed by the ontology. All articles
collected at CERR-N will then be categorized, using the
ontology, and the similar papers can be included in a potential
meta-analysis. Consequently, this can help to construct
clinical practice guidelines. The results can be used to apply
for grants, for that research project.

For articles demonstrating a potential to be integrated
into existing SR-MA, investigators will be invited to
participate in the preparation of an updated SR-MA. For
example, if a randomized controlled trial on low-back pain
can be mapped to an existing SR-MA with the same focus,
the CERR-N will initiate the review of that SR-MA while
incorporating the new study once it is accepted for
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publication. Since that publication has already been revised
according to the ontology, and the ontology contains all the
elements required for integration of the manuscript into a
SR-MA, the productivity and quality of the updated process
will increase. Researchers will also be invited to contribute
with individual anonymized subject data, for a subject-level
SR-MA. As a long-term strategy, our goal is to link the
CERR-N to peer-reviewed journals in Neurosurgery so that
the review process can be incorporated as an ancillary
resource during their internal peer-review process.

Results

Ontology Structure

We identified 128 elements, which are required for SR-
MA, from the Trial Bank ontology and included them in
ours which are displayed in Table 1. The ones marked
with an asterix are the classes that we defined and the rest
of the classes are the ones present in the Trial Bank
ontology. We executed a number of queries in SPARQL to
test whether they could accurately describe the point
estimates, confidence intervals or measures of dispersion
for each of the elements in a quantitative table for a
meta-analysis.

A few examples of the query are as follows:

1. # Retrieve all the instances of the Trial class with their
start and end dates

2. # Find impossible trials (ending before they have begun)

After analyzing the results, we identified 53 elements out
of the 128 which were used more frequently, that is in about
70% of all 15 articles. Therefore we recommend that these
articles should be included for the meta-analysis of RCTs.
These elements are present in Table 1 and are marked in
bold text. Figure 1 represents the schema of the ontology.

Observer Agreement

We found a high degree of agreement between the three
observers. This is associated with a fair to poor level of
agreement according to the Landis and Koch scale (Landis
and Koch 1977). This confirms consistency amongst them
of tagging a section of the manuscript with the same
element from the ontology (Table 2, Fig. 2).

The pre and post modification results using overall
percent agreement and kappa statistics, for the five articles
from the Journal of Neurotrauma, amongst the three
observers, are reported in Table 3. The average kappa
coefficient before training was 0.173 and after training was
0.602. The average overall percent agreement before
training was 37% and after training was 76%. These results
indicated that after training the overall agreement amongst

Fig. 1 Schema of the RCT ontology
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observers increased significantly which suggests that
training amongst observers is essential to obtain consisten-
cy in tagging an article.

Table 4 shows the inter-observer agreement and
overall percent agreement calculated for all five articles
of all three journals amongst the three observers. These
results demonstrated high agreement amongst the observ-
ers which also confirms consistency, indicating the
ontology’s accuracy. Table 5 shows the intra-observer
agreement, tagging repeated after 1 week interval, and
overall percent agreement calculated for all five articles of
all three journals for the three observers. This also
indicates high degree of agreement within each individual
observer and also confirms coding consistency over a
period of time.

Discussion

In this study, we developed and evaluated an ontology
specifically for Randomized Controlled Trials in order to
facilitate the production of systematic reviews and meta-
analysis. To our knowledge, this is the first study analyzing
the agreement among different observers for the ontology
classes. We found a high degree (Landis and Koch 1977) of
inter and intra observer agreement which indicates the

ontology’s accuracy and confirms consistency between
observers to tag the same element for different sections of
a given scientific manuscript.

Ontologies enable information sharing and reuse by
making implied concepts and knowledge explicit and
machine readable (Gruber 1993). The main reason why
we chose to develop an ontology and use it to standardize
reporting of clinical trials, is because they support the
sharing and reuse of formally represented knowledge and
common understanding of the structure of information,
among people or software agents.

The ontology used in this study is a modified version
of the Trial Bank ontology developed by Ida Sim which
was previously validated by our group for the conduction
of HIV meta-analysis (Cook et al. 2007). Sims ontology
was designed to capture RCT information into an RCT
Bank, a knowledge base designed to support systematic
reviews and evidence-based practice. The Trial Bank
ontology is the most complete trial ontology for trial
interpretation and application to clinical care (Sim et al.
2004). It has an extensive range covering terms related to
RCTs. Despite its great utility, it has many terms that are
not necessary for conducting meta-analysis. Our goal was
to develop a more focused ontology that could be used
specifically for meta-analysis purposes. Therefore, during
the adaptation of the ontology in this study, the elements

Ontology Tag List 
Import and Export

File  tabs

Tagged word - appears in  
orange after being tagged 

Tags tracked in an 
outline

Fig. 2 Demonstrating the use of OntoClassTag to perform the tagging
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not required for carrying out a meta-analysis were
excluded. Specifically, terms related to administrative
aspects were excluded. After the Trial Bank ontology
was adjusted for this new purpose, it was initially used
for tagging the content of five neurosurgery articles.
Based on the analysis and further discussion, the
ontology content was once more modified to make its
classes and definitions more aligned for purpose of use
in meta-analysis. This procedure was carried out in
order to minimize inconsistencies on the ontology
content, such as incomplete content and contradictions,
problems commonly observed in ontologies (Rogers
2006).

The Epoch is a suite of clinical trial ontologies that
define the vocabulary and semantics necessary to represent
information on clinical trials (Shankar et al. 2007) and is
composed by a group of seven ontologies (Clinical Trial
Ontology, Protocol Ontology, Organization Ontology,
Assay Ontology, Labware Ontology, Virtual Trial Data
Ontology, Constraint Expression Ontology and Measure-
ment Ontology)(Shankar et al. 2007). Similar to Sims
ontology, the Epoch was specially developed for the use in
RCTs, and therefore is not useful for the development of
SR-MAs.

While the increasing standardization of results
reporting for RCTs is contributing to the development

Table 1 Classes of the ontology demonstrating 128 different elements used to define RCT’s

Secondary Study Primary Recruitment
Flowchart

Withdrawal Reason Cost Selective Reporting*

Trial Randomized Population Statistical Analysis and
Results

Outcome Assessment Blinding

Erratum Enrolled Population Sample Size Calculation Category Blinding Methods

Publication Details Eligible Population Trial Design Range Blinding Efficacy

Trial Entry Details Screened Population Primary Hypothesis Kaplan Meier Timepoint Drug Step

Administrative
Details

Excluded Postrand
Population

Secondary Hypothesis All Comparisons at
Time X

Non Drug Intervention
Step

Conclusion Details Not Randomized Population Study Objective Single Time X Comparison Comparison Arm

Background
Details

Not Enrolled Population Study Monitoring Cointervention Data Point Experimental Arm

Stopping Details Not Eligible Population Electronic Searching* Cross over population Crossover

Retraction Details All Subjects Other Resources* Data Point Population Run In

Correction Details Crossover Population Assessment Risk Bias* Kaplan Meier Datapoint Washout

Fraud Details Study Arm Population Data Extraction
Management*

Blinding Efficacy
Datapoint

Other Intervention

Duration Subgroup Population Data Synthesis* Baseline Datapoint Procedure

Double Anchored Site Enrollment Heterogeneity* Summary Datapoint Device

Single Anchored Follow Up Compliance Continuous* Regression Analysis and
Results

Drug

Date Follow Up Activity Dichotomous* Subgroup Regression Usual Care

Time Point Follow Up Time To Event Data* Outcome Value Entity No Treatment

Exclusion Rule Protocol Change Missing Data * Baseline Placebo or Sham

Inclusion Rule Treatment Assignment Reporting Bias* Primary Outcome Cointervention

Age Gender Rule Cluster Individual Protocol Selecting of Studies * Secondary Outcome Compliance Result

Single or Irregular
Event

Reason Outcome Not
Assessed

Subgroup Analysis* Ancilliary Outcome Chain Logic

Regularly Recurring
Event

Reason Excluded Postrand Unit Analysis Issues* Side Effect Option Logic

Concurrent
Situations

Reason Not Randomized Rate Allocation Risk* Blocking Logic

Non Concurrent
Situations

Reason Not Enrolled Life Year Blinding Risk* Conditional Logic

State Reason Not Eligible Scored Instrument Incomplete Outcome
Data *

Subgroup Reason Off Assigned
Intervention

Categorical Potential Source Bias*

Asterisk = *
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of high quality ontologies, there are a number of
problems that continue to plague their reliability.
Studies evaluating ontologies reveal several areas from
which errors tend to emerge including, philosophical
rigor, ontological commitment, content correctness and
fit for purpose (Rogers 2006), which can all impact the
interoperability of ontologies. While these problem areas
are increasingly addressed through quality assurance
systems (Schulz et al. 1998), a surprising issue that has
been largely overlooked is whether ontologies actually
fulfill their intended purpose of reducing the number of
conflicting definitions among different users (Fonseca and
Martin 2007).

The utility and reliability of the ontology described here has
some limitations. It has been shown that the inter-rater
reliability can vary according to the level of the training of
observers in a specific scale, with less experienced observers
showing lower indexes because their ratings are less consistent
(Andersen et al. 1989). Moreover, the use of a structured
interview guide can increase the scale reliability in raters with
low clinical experience (Crippa et al. 2002). In the present
study, analysis of agreement between observers was carried
out on two different moments: before and after the training of
the ontology class and sub-class meanings. It was observed
that the agreement rate before the training was lower. Despite
the fact that the observers were experienced researchers, they

Table 2 List of 15 RCT’s derived from the three journals

Journal Article Title Year of
Publication

Journal of
Neurotrauma

Effect of Rosuvastatin on Amnesia and Disorientation after Traumatic Brain Injury (NCT003229758)
(Tapia-Perez et al. 2008)

2008

A Single Dose, Three-Arm, Placebo-Controlled, Phase I Study of the Bradykinin B2 Receptor Antagonist
Anatibant (LF16-0687Ms) in Patients with Severe Traumatic Brain Injury (Marmarou et al. 2005)

2005

Efficacy of Standard Trauma Craniectomy for Refractory Intracranial Hypertension with Severe Traumatic
Brain Injury: A Multicenter, Prospective, Randomized Controlled Study (Jiang et al. 2005)

2005

Multiplex Assessment of Cytokine and Chemokine Levels in Cerebrospinal Fluid following Severe Pediatric
Traumatic Brain Injury: Effects of Moderate Hypothermia (Buttram et al. 2007)

2007

Severe Human Traumatic Brain Injury, but Not Cyclosporin A Treatment, Depresses Activated T
Lymphocytes Early after Injury (Mazzeo et al. 2006)

2006

Journal of
Neurosurgery

Dosing and safety of cyclosporine in patients with severe brain injury (Hatton et al. 2008) 2008

Biological effects of acute pravastatin treatment in patients after aneurysmal subarachnoid hemorrhage: a
double-blind, placebo-controlled trial (Tseng et al. 2007)

2007

Effectiveness of neuronavigation in resecting solitary intracerebral contrast-enhancing tumors: a randomized
controlled trial (Willems et al. 2006)

2006

Clinical and radiographic analysis of cervical disc arthroplasty compared with allograft fusion: a randomized
controlled clinical trial (Mummaneni et al. 2007)

2007

Clazosentan (AXV-034343), a selective endothelin A receptor antagonist, in the prevention of cerebral
vasospasm following severe aneurysmal subarachnoid hemorrhage: results of a randomized, double-blind,
placebo-controlled, multicenter Phase IIa study (Vajkoczy et al. 2005)

2005

Neurosurgery
Journal

Intraventricular thrombolysis speeds blood clot resolution: results of a pilot, prospective, randomized, double-
blind, controlled trial (Naff et al. 2004)

2004

Spinal cord stimulation versus repeated lumbosacral spine surgery for chronic pain: a randomized, controlled
trial (North et al. 2005)

2005

The effect of early isolated lumbar extension exercise program for patients with herniated disc undergoing
lumbar discectomy (Choi et al. 2005)

2005

Predictors of cerebral infarction in patients with aneurysmal subarachnoid hemorrhage (Fergusen and
Macdonald 2007)

2007

Comparison of open discectomy with microendoscopic discectomy in lumbar disc herniations: results of a
randomized controlled trial (Righesso et al. 2007)

2007

Article Kappa coefficients and percent
agreement before training

Kappa coefficients and percent
agreement after training

1 0.044 (37.93%) 0.634 (79.31%)

2 0.242 (45.45%) 0.73 (86.67%)

3 0 0.663 (83.33%)

4 0.46 (64.10%) 0.515 (68.89%)

5 0.119 (40.74%) 0.472 (63.63)

Table 3 Pre and post modifica-
tion percent agreement and
kappa statistics for five
randomly selected RCT’s from
Journal of Neurotrauma
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had different research background: two had ontological
background and the third had a clinical background, which
could be contributing for the lower agreement rate. As
expected, the agreement rate improved after the training,
where the observers where instructed on the ontology terms,
the meanings of the terms they did not understand were
explained in detail. Therefore, in order to maintain the
reliability, it is advisable that it be used by trained coders
and it might not be generalizable to other researchers, unless
they participate of a specific training for the use of this
ontology, which would be advisable for most CERRs.

However, the ontology could potentially be used in conjunc-
tion with text mining, which could expand its use without the
need for trained observers.

Through the CERR-N we envision to raise the reporting
quality of RCTarticles, offering support to the researchers prior
to the submission of the article in peer-reviewed journals.
Manuscripts will be analyzed according our ontology, to ensure
that each manuscript contains the required main elements.
Since this support is offered in an advanced phase of the
research project, it is possible that studies to be analyzed in the
CERR-N do not meet the necessary criteria to be included in a
SR-MA. This problem was already faced by Sim (Sim et al.
2004) on the development of the Trial Bank Project. During
the first phase of the project, from the 108 RCTs published in
JAMA (Journal of the American Medical Association), 54
were excluded due to modeling limitations of RCT Schema
(Sim et al. 2004). Therefore, despite the positive impact the
CERR-N might have on RCT reporting, it does not prevent
RCT to be developed with methodological inconsistencies.
This limitation must be addressed in future studies.

At the present moment, we do not have long-term
outcomes of what the CERR-N can do in terms of
improving the quality of RCTs on a broader scale.
However, the present results indicate that it is a reliable
ontology for the development of SR-MA. In order to make
this ontology available and ensure its utilization, the
CERR-N should be linked to peer-reviewed journals so
that the review process can be incorporated as an ancillary
resource during their internal peer-review process. Future
studies should expand this ontology to articles involving
other research designs, such as cohort and diagnostic
studies. The expansion of CERR-N to other centers and
establishing partnerships with peer reviewed journals, to
increase overall reporting quality, and expedited translation
of articles into clinical practice guidelines, could have a
positive impact on the clinical research field as a whole.

Standardizing reporting for neurosurgery articles can be
reliably achieved through the integration of a computational
ontology within the context of a CERR-N. This approach
holds potential for the overall improvement in the quality of
reporting of Randomized Controlled Trials in neurosurgery,
ultimately streamlining the translation of clinical research
findings to improvement in patient care.

Information Sharing Statement

One of the resources used in our work is OntoClassTag, which
is an online tagging/annotation application developed by the
Research On Research group (www.researchonresearch,org),
We used Ontotag for tagging the RCT’s. It is accessible
online by following the link: http://www.ceso.duke.edu/
tagging/servlet/Controller?cmd=default. It requires a user-

Table 5 Overall percent agreemement and intra-observer agreement
for five randomly selected RCT’s from Journal of Neurosurgery,
Neurosurgery Journal and Journal of Neurotrauma

Journal Percent Agreement (%) Kappa Coefficient

Neurosurgery Journal

Article 1 76.5 0.8

Article 2 82.4 0.71

Article 3 85.7 0.8

Article 4 91.7 0.82

Article 5 78.6 0.83

Overall 89.8 0.79

Journal of Neurosurgery

Article 1 77.3 0.81

Article 2 80 0.86

Article 3 82.4 0.81

Article 4 81 0.8

Article 5 83.3 0.83

Overall 80.8 0.82

Journal of Neurotrauma

Article 1 88 0.8

Article 2 82.4 0.82

Article 3 88.9 0.76

Article 4 88.9 0.78

Article 5 84.6 0.81

Overall 86.56 0.79

Table 4 Overall percent agreement and Inter-Observer agreement for
five randomly selected RCT’s from Journal of Neurosurgery,
Neurosurgery Journal and Journal of Neurotrauma

Journal Overall Percent
Agreement

Inter-observer
Agreement

Journal of
Neurotrauma

76.4% (63.6%–86.7%) 0.60 (0.47–0.73)

Journal of
Neurosurgery

75.97% (75.31%–81.33%) 0.54 (0.50–0.58)

Neurosurgery
Journal

74.9% (70%–79.71%) 0.53 (0.50–0.57)
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name and password, which can be obtained by sending an
email to the RoR group: contact@researchonresearch.org
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