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Nonlinear Behavior of Search Strategies for Identifying
Relevant Orthodontic Articles
Thomas Stamm, DDSa; Ariane Hohoff, DDSa

Abstract: The communication process with electronic literature databases permitting a freetext search
is prone in part to nonlinear, chaotic behavior. Even very minor changes in the initial conditions (search
query) have a dramatic impact on the concluding event (search outcome). This statement has been verified
with reference to alterations to the term ‘‘orthodontic’’ in search strategies of published systematic reviews.
The results showed that a variation in one letter led to an average of 152 papers, 81% of them of orthodontic
relevance, failing to be localized. Yet, the opposite effect, the elimination of papers (2418), was also
observed, confirming the underlying nonlinear pattern. Search queries for orthodontic articles should in-
variably be equipped with the robust truncation ‘‘orthodon*.’’ Truncation variants of key words should be
used as a matter of principle to verify the outcome. (Angle Orthod 2004;74:316–318.)
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INTRODUCTION

A scientific paper starts with an idea or with the for-
mulation of a hypothesis and culminates with publication
in a specialized journal. At first sight, it seems an absurdly
trivial matter to think about one single letter in this com-
plex, protracted process underlying a study. At the end of
this process, ie, in the printed text, one missing or one extra
letter will have virtually no influence on the study. But what
about the initial stages of the study, which are characterized
by a full-scale comprehensive search of the literature? The
initial triviality is very quickly put into perspective with an
awareness that dealings with literature databases permitting
a freetext search are subject to the laws of the chaos theory.
One of these laws, also referred to as the butterfly effect,
states: ‘‘Small variations in initial conditions result in huge,
dynamic transformations in concluding events.’’1

A comprehensive, unbiased search is one of the key dif-
ferences between a systematic review and a traditional re-
view.2 A lack of or a failure to find clinical controlled trials
may have dire consequences on the quality of a systematic
review. Therefore, search strategies2 have been devised and
filters3 designed to optimize the electronic paper-locating or
-selecting process. The Cochrane Oral Health Group4 re-
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vises and updates its highly sensitive search strategy once
a quarter based on 96 search queries (approximately 570
terms) with 188 OR functions and 17 AND functions to
identify all relevant articles within the scope of this group.
Orthodontics as part of this group is represented by the key
word ‘‘orthodontic’’ with the truncation sign ‘‘*.’’ If, then,
all articles of orthodontic relevance are to be found, the
specific key words are combined with ‘‘orthodontic*,’’ but
‘‘orthodontic*’’ entails the implicit exclusion of the word
‘‘orthodontist.’’ To determine whether this exclusion affects
other orthodontically important terms and, thus, may have
a dramatic impact, a PubMed (US National Library of Med-
icine) search was carried out for the term ‘‘orthodontic*,’’
and one letter before ‘‘*’’ was deleted before each new
search query (Table 1).

Overall, omitting the letter ‘‘c’’ alone led to 186 papers
of orthodontic relevance and 30 papers of minor orthodon-
tic relevance not being localized. Of these, 37 missing pa-
pers were published in the American Journal of Orthodon-
tics and Dentofacial Orthopedics alone. An additional 196
papers of orthodontic relevance were eliminated through
omission of the letters ‘‘t,’’ ‘‘i,’’ and ‘‘c’’ alone. This clearly
dramatic impact raised the question of whether consider-
ation had previously been given to this aspect or whether
such errors have already been reflected in existing studies.

MATERIALS AND METHODS

Because systematic reviews, being literature-sensitive in-
vestigations, are exceptionally susceptible, three orthodon-
tically oriented systematic reviews were selected at random
from the 24 localized in PubMed and The Cochrane Da-
tabase of Systematic Reviews (The Cochrane Library). All
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TABLE 1. Effect of Truncating the Search Query ‘‘orthodontic*’’ Alone and As a Component in the Search Strategy of Three Systematic
Reviews Selected at Random From PubMed and The Cochrane Database

Search Queriesa Result

Missing Orthodontic Articles

Relevant Moderately Relevant

#7
#6
#5
#4
#3
#2
#1

#4 NOT #3
#3 NOT #2
#2 NOT #1
orthodon*
orthodont*
orthodonti*
orthodontic*

7
13

253
29,952
29,945
29,932
29,679

2
8

216b

3

Systematic review 1

#7
#6
#5
#4
#3
#2
#1

#4 NOT #3
#3 NOT #2
#2 NOT #1
[…]1 AND orthodon*
[…]1 AND orthodont*
[…]1 AND orthodonti*
[…]1 AND orthodontic*

1
5

63
11,386
11,385
11,380
11,317

1
4

59 5

Systematic review 2

#8
#8
#7
#6
#5
#4
#3
#2
#1

#5 NOT #4
#4 NOT #3
#3 NOT #2
#2 NOT #1
orthodon* […]2

orthodont* […]2

orthodonti* […]2

orthodontic* […]2

orthodontics […]2

6
7

141
3054

48,016
48,010
48,003
47,862
46,219

2
1

77
2

11

Systematic review 3

#5
#4
#3
#2
#1

#2 NOT #1
[… orthodon* …]3

[… orthodont* …]3

[… orthodonti* …]3

[… orthodontic …]3

2418
4739
4739
4739
4833

289c 27

a […]1 indicates (palatal expansion technique) OR cross-bite OR crossbite OR (maxill* AND expan*) OR (palat* AND expan*); […]2, OR
(*cephalometry OR malocclusion) NOT (temporomandibular joint dysfunction syndrome); and [… …]3, (orthodontics OR [orthodontics corrective]
OR [orthodontics interceptive] OR [orthodontics preventive]) AND (orthodontic appliances) AND (malocclusion OR angle class ii OR [class ii
malocclusions]).

b Of the 216 articles, 37 were published in the American Journal of Orthodontics and Dentofacial Orthopedics.
c In view of the scope, only the first 100 articles were evaluated.

three reviews reported their exact search strategy and used
the key word ‘‘orthodontic*’’ or ‘‘orthodontics’’ in com-
bined form. The key words from the reviews were collected
in their logical sequence as a search query and entered
without limits in PubMed.

The search query was then sequentially changed in that
‘‘orthodontic*’’ was truncated step by step by the letters
‘‘c,’’ ‘‘i,’’ and ‘‘t.’’ To ascertain the effects of the omission
of individual letters, the difference between the search que-
ries was formed with the boolean operator NOT. The arti-
cles found in the difference were classified by both authors
jointly with respect to the title and abstract as orthodonti-
cally nonrelevant, relevant, or only moderately relevant.
Because it was only the impact of the different search query
on authentic examples that was of interest, the selected sys-

tematic reviews were neither named nor assessed with re-
spect to the results of the present study.

RESULTS

Table 1 shows the effect of the truncation in conjunction
with different authentic search instructions. Depending on
the type of logic operation, the number of articles not de-
tected is substantial. A variation in just one letter resulted
in 152 nonlocalized papers on average, 81% of them of
orthodontic relevance. Yet, the opposite effect, the elimi-
nation of papers (2418), was also observed, confirming the
underlying nonlinear pattern.

‘‘Orthodon*’’ proved to be the most robust truncation,
whereas the word fragment ‘‘orthodo*’’ yielded no more
orthodontic articles.
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DISCUSSION

The results show clearly that apparently trivial changes
in the initial conditions of a search strategy may have a
major impact on the concluding event. Chaotic systems are
characterized by the fact that the next respective measuring
point cannot be predicted. An initial indication of systems
developing into chaos is the branching of a previously reg-
ular measuring curve at one measuring point. This kind of
bifurcation seems to occur in the three search strategies
selected at random for the purpose of the present study, as
indicated by the sequence of the number of nonlocalized
articles: 273, 69, 141, 2418.

The constant improvement in user guidance and sophis-
ticated search functions (automatic term mapping, filters,
etc.), as provided for example by PubMed and other state-
of-the-art retrieval software, creates the impression that
these systems have cognitive skills. However, the user
should bear in mind that nothing more is involved than the
comparison of a specific sequence of characters with other
sequences of characters in a database.

Our demonstration using authentic search statements
showed clearly that there is a marked, but nonpredictable,
number of nonlocalized articles despite meticulous care be-
ing taken in the studies in question and an awareness of
systematic errors, especially that of publication bias.2 The
more complex the search query, the more likely the system
is to reach a threshold of chaos. This phenomenon is not
confined to ‘‘orthodontic*’’ but can be observed with any
key word, so that the chaotic system is given feedback by

the consequently increasing combination potential. Because
such systems are indeterminable, the influence of one letter
on the study as a whole remains unpredictable. The worst
case scenario for a systematic review would be the failure
to locate an existing systematic review on the same sub-
ject—a very real risk in chaotic systems.

CONCLUSIONS

Search queries for orthodontic articles should invariably
be provided with the robust truncation ‘‘orthodon*.’’ As
with the mathematical simulation of chaotic systems, the
outcome of the search should be verified by iteration, ie,
the key words used should be truncated step by step and
reentered into the actual search function. Although this
manual procedure is time-intensive, it does offer maximum
security.
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