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Abstract

Introduction: the PICO mnemonic is an evidence-based medicine tool that helps formulate the research 
questions needed to conduct the right search for scientific information. To properly classify this information, 
controlled languages or thesauruses are used for information retrieval. The aim was to identify whether the 
PICO search strategy in evidence-based medicine using the MeSH, Emtree and DeCS thesauruses answers 
a research question in the field of dentistry. Methods: to carry out the PICO strategy, a research question 
was formulated, identifying the natural language terms for each component of the PICO acronym, which 
were normalized into the three thesauruses to create the search equations. Results: 43 results were found 
on Medline through PubMed, 5 on Embase, and 0 on LILACS. There were 4 original articles that answer the 
research question, proving to be an effective strategy for finding clinical evidence. Conclusion: this study 
shows that the strategy helps obtain results to answer the question posed. It should be noted that, in order to 
successfully search and retrieve information, researchers should use the PICO strategy and get familiar with 
the thesauruses that help structure search equations in the various bibliographic databases.
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Resumen

Introducción: la mnemotecnia PICO es una herramienta de la medicina basada en la evidencia que facilita 
la formulación de preguntas de investigación necesarias para realizar una correcta búsqueda de información 
científica. Para clasificar adecuadamente esta información se utilizan lenguajes controlados o tesauros que 
permiten ubicar dicha información. El objetivo del presente estudio consistió en identificar si la estrategia 
de búsqueda PICO de la medicina basada en la evidencia, utilizando los tesauros MeSH, Emtree y DeCS, 
responde a una pregunta de investigación en el campo de la odontología. Métodos: para llevar a cabo 
la estrategia PICO, se elaboró una pregunta de investigación, se identificaron los términos en lenguaje 
natural para cada componente del acrónimo PICO, posteriormente se normalizaron en los tres tesauros y 
se construyeron las ecuaciones de búsqueda. Resultados: se encontraron 43 resultados en Medline a través 
de la plataforma PubMed, 5 en Embase y 0 en LILACS. Se identificaron 4 artículos originales que responden 
la pregunta de investigación, demostrando ser una estrategia eficaz para la búsqueda de evidencia clínica. 
Conclusión: el ejercicio realizado en el presente trabajo logró demostrar que la estrategia permite obtener 
resultados que responden a la pregunta planteada. Cabe resaltar que, para tener éxito en la búsqueda y 
obtención de información, los investigadores deberían utilizar la estrategia PICO y conocer los diferentes 
tesauros que facilitan la construcción de las ecuaciones de búsqueda en las diferentes bases de datos 
bibliográficas.
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INTRODUCTION

In ancient Greece, the great philosopher 
Socrates paved the way to a new philosophy 
through maieutics and thus challenged the 
sophists with the interrogative “What”. 
Author William Betancourt states that this 
question opened for Socrates the means and 
character of reason and led him, slowly but 
continuously, to a new form of experience.1 
Similarly, the first step of evidence-based 
medicine (EBM) is the formulation of a 
question, in order to start a learning process 
from the perspective of problem solving. The 
formulation of the right research question 
helps identify the appropriate keywords to 
perform the second step of EBM, or the 
search for information, in order to obtain 
relevant bibliographic resources. The third 
step is the critical analysis of the collected 
bibliographic information, and the fourth 
step is the use of results in clinical practice.2 

The PICO strategy was first introduced by the 
Working Group of Evidence Based Medicine 
at McMaster University as an EBM tool that 
enables the construction of a well-focused 
question capable of resolving the queries 
raised in an interest’s. PICO is an acronym 
in which the letter P (Patient) stands for the 
problem to be solved or investigated in a 
patient or specific population; I (Intervention) 
is the intervention proposed for the solution 
of a question, such as a treatment, a 
diagnosis or a prognosis; C (Comparison 
group) is the comparison or intervention 
group with which it can be contrasted, and 
O (Outcome) refers to the expected result.2 

The keywords yielded by the question may 
correspond to terms in natural or colloqui-
al language commonly used by health pro-
fessionals; however, these terms are not 
recommended for systematic information 
search because some bibliographic databas-

es use thesauruses to perform data analysis, 
a process that includes lists of standardized 
terms, also known as “descriptors”. Once 
the descriptors that answer the research 
question are identified, they must be com-
bined with Boolean connectors or logical 
operators in order to construct the search 
equation in the bibliographic databases, and 
thus obtain useful references that support 
the subject to be studied. It should be noted 
that Boolean connectors should always be 
capitalized; the most common are AND for  
combination, OR for addition, and NOT  
for exclusion.2

For additional accuracy in the information 
search process, controlled languages can 
be used to facilitate a specific bibliographic 
search; however, some researchers do not 
use them or are not aware of their existence. 
Following are the most relevant thesauruses 
in health sciences:

a. MeSH (Medical Subject Headings): 
this thesaurus was developed by the 
National Library of Medicine and consists 
of a list of controlled language terms 
used to describe the topic of Medline 
articles; it contains nearly 29,000 terms 
hierarchically organized by categories 
called trees.3

b. Emtree (Embase Subject Headings): this is 
a hierarchically structured and controlled 
lexicon for biomedicine and life sciences, 
developed by Elsevier for indexing articles 
in the Embase database; it includes more 
than 71,000 terms. In addition, the Embase 
database provides a default PICO form as 
a search option, which allows to integrate 
standard terms from this thesaurus.4

c. DeCS (Descriptors in Health Sciences): 
this thesaurus was created by BIREME 
to help indexing different types of 
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materials, and for the search and retrieval 
of scientific literature in the information 
sources available in the Virtual Library 
in Health (VHL), including LILACS. It 
was developed from MeSH for searches 
in three languages; the concepts are 
hierarchically organized and include 
33,558 descriptors and qualifiers, with 
29,018 in MeSH and 4,540 exclusively in 
DeCS.5

In order to develop an appropriate research 
question, it is important to take into 
account the objective of EBM, which seeks 
to accurately define the clinical problem, 
update the basic concepts, and conduct a 
critical analysis of data.2 This helps carry out 
more elaborate searches using thesauruses 
and filters, which is consistent with the 
search for specificity suggested by the PICO 
strategy.6 

Another aspect to consider is the level of 
evidence from published research. The 
Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) 
proposes a more rigorous method for 
evidence categorization, both in the 
classification of evidence level as well as in 
degree allocation of recommendation for 
either preventive or therapeutic intervention 
as well as a diagnostic procedure directly 
related to the quality of evidence. According 
to GRADE, evidence can be classified into 
four categories: high, moderate, low and 
very low; however, this system provides a 
series of items that helps increase or reduce 
the quality level of the evidence initially 
assigned, as stated by Aguayo-Albasini 
et al.7 The high and moderate categories 
include studies in which there is a high to 
moderate confidence in the coincidence 
between actual and estimated effects, as in 
experimental studies such as randomized 
clinical trials; on the other hand, at the low 

and very low levels there is a limited or no 
confidence in the coincidence between 
actual and estimated effect, as is the case of 
observational studies, such as cohort studies 
and cases and controls.7 

In consequence, studies with high to 
moderate levels of evidence are preferable; 
if such studies are not found, publications 
in the other two levels should be carefully 
taken. Specifically in the field of dentistry, 
the use of these tools become necessary 
because quality scientific information in this 
profession is scarce, and clinical experience 
seems to be the one that provides guidance 
in different interventions.7 

Accordingly, the present study seeks to 
identify whether the EBM PICO strategy 
using the MeSH, Emtree and DeCS 
thesauruses answers a research question in 
the field of dentistry.

METHODS

The methodology to develop the PICO 
strategy in the field of dentistry used the 
following steps:

1. Preparation of the research question 
according to the PICO strategy.

2. Identification of all possible natural 
language synonyms to each component 
of the PICO tool.

3. Standardization of each natural language 
term with the respective thesauruses in 
bibliographic databases. 

4. Adding descriptors to search builders of 
bibliographic databases, using Boolean 
connectors.

5. Selection of articles that answer the 
question posed, considering the levels 
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of research evidence and recommended 
studies to be reviewed in a clinical 
diagnostic scenario.

6. Critical reading of articles that answer the 
initial research question. 

For a brief explanation of the methodology 
used, an example is given with the research 
question posed, using a single term for 
each component of the PICO mnemonic in 
natural language as shown below.

In the first step, the following research 
question was posed: is there a concordance 

between clinical and imaging diagnoses 
for detecting a craniomandibular disorder, 
specifically disc displacement of the 
temporomandibular joint? This question 
corresponds to a search question model 
in a clinical diagnostic context. The study 
types recommended for this question are 
diagnostic tests, simple cross-sectional 
studies, comparative trials and systematic 
reviews.2

Table 1 shows the natural language terms 
that were obtained by separating the 
question according to the PICO mnemonic.

Table 1. The PICO strategy in natural language

Natural language

Acronym

Patient Intervention Comparison Outcome

Craniomandibular Disorder Clinical Diagnosis Magnetic resonance imaging Predictive Value

Source: by the authors

The terms used are described below:

P: Craniomandibular Disorder

For the PICO question posed in this study, 
the patient (P) had a Craniomandibular Di-
sorder or Temporomandibular Dysfunction 
(TMD), defined by the American Academy 
of Orofacial Pain (AAOP) as “a generic term 
encompassing a number of clinical problems 
affecting mastication muscles, temporoman-
dibular joint (TMJ), associated structures or 
both.”9 

I: Clinical Diagnosis 

For the diagnostic test, disc position was 
assessed using findings from Research 
Diagnostic Criteria in Temporomandibular 
Disorders (RDC/TMD).10 

C: Magnetic Resonance 

The comparison was made against the Gold 
standard from the analysis of magnetic 
resonance (MR) of the TMJ.  This is a 
specialized examination that uses magnetic 
fields and radiofrequency electromagnetic 
waves to observe soft tissues such as those 
found in the TMJ.11 

O: Predictive Value

Positive predictive value is the clinical 
examination ability to provide a positive result 
to actual patients by making comparisons 
against imaging diagnosis, thus avoiding the 
inclusion of false positives.12 The expected 
outcome was a positive predictive value 
between clinical and imaging diagnosis to 
detect TMJ disc displacement.
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In the second step, all possible synonyms 
were identified in natural language for 
each component of the PICO mnemonic. 
In terms of P, the most used synonyms 
were: craniomandibular dysfunction, 
temporomandibular dysfunction, temporo-
mandibular disorder, craniocervicoman-
dibular dysfunction. In the I component, 
the synonyms used were: clinical diagnosis, 
diagnosis, clinical examination, clinical 
evaluation. In C, the synonyms were: 
magnetic resonance, diagnostic imaging, 
nuclear magnetic resonance, imaging 
diagnosis; finally, for the O component 
the synonyms were: predictive value, 
operational characteristics of the clinical 
test, and predictive value of the positive test.

To carry out the third step, each natural 
language term was normalized with the 
respective thesauruses present in different 
bibliographic databases: MEDLINE, Embase, 
Embase PICO search form (which for this 
study was accessed through the resources 
subscribed by the Universidad del Valle 
Library).

The fourth step involved combining the 
descriptors with Boolean connectors. These 
connectors allowed to restrict, extend or 
exclude information using keywords;13 for 
the PICO mnemonic, they were used as 
follows for each item:

P: first term OR second term

I: first term OR second term

C: first term OR second term

O: first term OR second term

After searching for each PICO mnemonic 
item using the OR connector, the Boolean 
AND connector was used between each 
semantic field as follows:

(The result of joining the two P terms) AND  
(The result of joining the two I terms)  
AND (The result of joining the two C  
terms) AND (The result of joining the two  
O terms). This may vary according to the num-
ber of terms used for each item, which may be 
one or more.

In the fifth step, the articles that answered 
the question were chosen.

Finally, the descriptors for each thesaurus 
were recorded in a table, including the step-
by-step screenshots of the search process.

RESULTS

Below is a description of the search 
conducted using the PICO strategy in one 
of the proposed bibliographic databases, 
so that it can serve as a model for solving 
research questions in other areas of study.

Search strategy in the Medline database 
through PubMed using the MeSH 
thesaurus

The MeSH thesaurus in PubMed was 
accessed in order to identify the terms to 
be used. In some cases, MeSH may yield 
terms with names related to each other, so 
the researcher should look at the MeSH tree 
to identify hierarchies and refine the search. 
In the case of “Craniomandibular Disorders” 
as a patient-related term, it was decided 
to use the term “temporomandibular” as 
a keyword in MeSH in order to find more 
results related to this word, as this disorder 
is usually known by different names.

The search yielded 21 terms; however, at 
first glance it could be said that just five 
terms—temporomandibular joint disorders, 
temporomandibular joint disc, temporo-
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mandibular joint dysfunction syndrome, 
temporomandibular joint, craniomandibular  
disorders—were related to the subject of 
interest, but only the highest-ranking term 
was used in this exercise. By entering the 
descriptor, for example, “Temporomandi-
bular Joint Disorders”, one can observe its 
hierarchy within the MeSH tree, identifying 
that it comes from the term “Craniomandi-
bular Disorders”, which in turn derives the 
term “Temporomandibular Joint Dysfunc-
tion Syndrome”. The highest-ranking terms 
show those below them, meaning that if you 
search for “Craniomandibular Disorders”, 
the search results will include articles rela-
ted to “Temporomandibular Joint Disorders” 
and “Temporomandibular Joint Dysfunction 
Syndrome” also.

In the case of “Temporomandibular Joint” 
and “Temporomandibular Joint Disc”, the 
two terms are part of the “anatomy category” 
and derive from the descriptor “Joints”, 
which refers to the anatomical structures that 
compose the TMJ in a normal state, which 
does not apply to the present search strategy 
as it is analyzing an alteration that depends 
directly on the “Diseases Category”.

The PICO mnemonic development 
began with the search for the normalized 
Patient term. It was decided to use the 
“Craniomandibular Disorders” descriptor, 
which derives from the “Diseases Category” 
and is under the “Mandibular Diseases” 
descriptor (Figure 1).

Figure 1. Hierarchy of the Craniomandibular Disorders 
descriptor. Source: PubMed – NCBI

Source: by the authors

Once Patient is identified, the term is added 
to the “PubMed Search Builder”, running 
the “Search PubMed” option as shown in  
Figure 2, in order to find all the articles 
related to the normalized “Craniomandibular 
Disorders” term.

Figure 2. “Craniomandibular Disorders” Patient. Source: PubMed – NCBI

Source: by the authors
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Once this procedure was completed, the 
database searched for articles that were 
indexed under the term “Craniomandibular 
Disorders” and that had a direct relation to 
the topic of interest. A total of 16,199 results 
were found. 

When the search was conducted without 
including normalized terms, the database 
conducted a mapping of the term in the  
MeSH field, and then searched for  
the phrase in all fields, as follows:

“craniomandibular disorders” [MeSH Terms] 
OR (“craniomandibular” [All Fields] AND 
‘“disorders” [All Fields]) OR “craniomandibu-
lar disorders” [All Fields]

The terms for the other components of PICO 
mnemonics were searched in the MeSH 
thesaurus in the same way. After having 
normalized the four terms of each item 
belonging to the PICO, an advanced search 
was conducted. Each term was added to the 
“Builder” using the “History” option, hitting 
the “Search” bottom as shown in Figure 3.

Figure 3. Construction of the search equation. Source: PubMed – NCBI

Source: by the authors

This procedure was followed by the 
construction of the search equation that 
answered the question posed according to 
the terms used. This equation yielded 43 
articles.

The same process was later conducted 
in the EMBASE and LILACS bibliographic 
databases using the Emtree and DeCS 
thesauruses respectively. All results were 
listed in Table 2, with their respective search 
equations.
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Table 2. Summary of search results in the three bibliographic databases using thesauruses

SEARCH LOG

Is there concordance between clinical and imaging diagnoses for detecting a craniomandibular disorder, specifically disc displacement of the tem-
poromandibular joint?

Acronym Search

Thesaurus Patient Intervention Comparison Outcome Search equation Results

Natural 
language

Craniomandibular 
Disorder

Clinical 
diagnosis

Magnetic 
resonance 

Predictive value

MeSH Craniomandibular 
Disorders

Diagnosis Magnetic 
Resonance 

Imaging

Predictive Value 
of Tests

(((“Craniomandibular Disorders” [MeSH]) 
AND “Diagnosis” [MeSH]) AND “Magnetic 

Resonance Imaging”[MeSH]) AND “Predictive 
Value of Tests”[MeSH]

43

Emtree Temporomandibu-
lar Joint Disorder

Diagnosis Nuclear 
magnetic 
resonance 
imaging

Predictive value ‘temporomandibular joint disorder’/exp 
AND ‘diagnosis’/exp AND ‘nuclear magnetic 

resonance imaging’/exp AND ‘predictive value’/
exp

5

DeCS Craniomandibular 
Disorders

Diagnosis Magnetic 
Resonance 

Imaging

Predictive Test 
Value

Craniomandibular Disorders [Subject 
Descriptor] and Diagnostics [Subject Descriptor] 

and Magnetic Resonance Imaging AND 
Predictive Test Value [Subject Descriptor]

0

Source: by the authors

The PICO mnemonic yielded 43 results in 
MEDLINE through PubMed and 14 results 
in Embase, of which 5 corresponded to 
the Embase database and 7 to MEDLINE, 
as Embase integrates the results of the 
MEDLINE database in its search. In addition, 
this same search strategy was carried out in 
the Embase PICO form, obtaining the same 
14 results. On the other hand, no results 
were obtained on the LILACS database. 

Finally, 4 original articles14-17 were identified 
that answer the research question posed in 
the field of dentistry.

DISCUSSION

Although few studies validate effectiveness 
of the PICO strategy, the exercise conduct-
ed in this study showed that the strategy pro-

vides results that answer a research question 
in the field of dentistry.

The 4 identified original articles that 
answer a proposed research question 
include controversial results because some 
authors, such as Barclay et al14 and Emshoff 
et al15 report a slight and low degree of 
concordance between both diagnosis 
techniques, concluding that the RDC/TMD 
instrument used for clinical diagnosis is 
limited in detecting TMJ disc position, and 
therefore it needs to be supplemented with 
MRI diagnosis. On the other hand, Manfredini 
et al16 and Kraus et al17 report a good level 
of concordance, showing that a complete 
medical history can correctly detect disc 
position alterations, while recognizing the 
importance of specialized examinations, as 
shown in Table 3.
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This study did not find systematic reviews 
to allow a higher level of evidence of the 
consulted literature. The articles found 
are observational cross-sectional studies, 
which according to the evidence levels 
of the GRADE system show a low level of 
evidence.7

However, the found information allows 
dental professionals to recognize that 
the clinical evaluation of the TMJ has a 
percentage of error, and definitive treatment 
cases should ideally rely on diagnostic 
evaluation through MRI, as patients with no 
intra-articular abnormalities may undergo 
unnecessary clinical-surgical interventions. In 
the case of conservative treatments, clinical 
examination alone may guide intervention 
plans, depending on alteration type. 

This literature analysis was possible thanks 
to the PICO strategy, relying on automated 
databases that are excellent starting points 
for the search of scientific information. 
However, this search requires the acquisition 
of skills by researchers.18 More than 20,000 
medical journals and 2,000,000 articles are 
published annually, requiring the design of 
indexing systems to facilitate their retrieval.19

Some authors argue that the PICO tool 
makes it easier to obtain the best available 

scientific information quickly and accurately;20 
however, authors such as Schardt et al21 claim 
that a successful search using the PICO tool 
depends on the formulation of a successful 
research question. Nevertheless, there are few 
studies that assess the relevance of this tool.22

On the other hand, the authors of the present 
study consider that another important 
factor in the search for information is the 
researcher’s expertise in the management of 
resources and knowledge of thesauruses, as 
the way of indexing information varies from 
one database to the other. The language-
controlled search terms for MEDLINE (MeSH) 
and EMBASE (Emtree) are not identical, so it 
is important to specify searches according to 
the database used. In the present example, 
for instance, when the predictive value 
term was normalized in natural language in 
all three thesauruses, the MeSH term was 
“predictive value of tests”, while the Emtree 
term was “predictive value” and in DeCS 
was “predictive test value”.

CONCLUSION

The exercise carried out in this study showed 
that the PICO mnemonic helps obtain 
results to answer the clinical question posed 

Table 3. Concordance between clinical and imaging diagnoses

Study Methods Concordance

Barclay et al14

1999
USA

Instruments:
RDC/TMD- MRI 1.5 Teslas

Sample: 78 TMJs

K = 0.36
Low concordance

Emsohoff et al15

2002
Austria

Instruments:
RDC/TMD- MRI 1.5 Teslas

Sample: 168 TMJs

K = 0.10
Slight concordance

Manfredini et al16 2008
Italy

Instruments: RDC/TMD - MRI 1.5 Teslas
Sample: 232 TMJs

K = 0.63
Good concordance

Kraus et al17 2017 USA Instruments: RDC/TMD – MRI
Sample: 92 TMJ

K = 0.80
Good concordance

Source: by the authors
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regarding the concordance between clinical 
and imaging diagnoses to detect a TMJ disc 
displacement, as it was answered through 
studies found using the PICO strategy; 
therefore, the authors consider this to be 
a tool that makes it easier to find answers 
to research questions in the field of health, 
specifically in dentistry. On the other hand, 
taking into account the recommended types 
of study for questions in a clinical diagnostic 
scenario, appropriate cross-sectional, 
diagnostic and comparative studies were 
found.
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