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Objective To develop and implement MEDLINE search strategies
that access the dental literature in each of seven dental disciplines; to
estimate the availability of randomised controlled trials (RCT) in
these disciplines that might be used to make clinical decisions; and to
examine publication trends.

Study design Search strategies based on Medical Subject Headings
(MeSH) for endodontics, implant dentistry, oral surgery, oral
medicine/radiology, orthodontics, periodontics and restorative
dentistry were developed to examine MEDLINE. Publications were
limited to studies in humans, the years 1990 to 2000, and multiple
methods of ascertainment employed to identify RCT. Ascertainment
methods included maximally sensitive, sensitive, MEDLINE
publication type and specific search strategies. Publication trends were
examined using one search methodology.

Results In the period 1990±2000, the MEDLINE searches identified a
substantial number of RCT that differed significantly from one another,
in ascending order by search strategy: specific (1260)5MEDLINE RCT
(2443)5sensitive (6006)5maximally sensitive (26 808) [P50.001 in
analysis of variance (ANOVA)]. The number of RCT varied
significantly between the dental disciplines. For example, using the
MEDLINE RCT, in ascending order, the number of RCT were: implant
dentistry (104)5endodontics (106)5orthodontics (198)5restorative

dentistry (420)5oral surgery (438)5periodontics (983)5oral
medicine/radiology (984) (P50.001, ANOVA). Trends over the 10-
year period indicate that the number of RCT is increasing substantially
in the aggregate for dentistry, and for each dental discipline. The range
is approximately 10±20% per year, depending on the search strategy.

Conclusions The results indicate that, (1) there is a substantial
clinical literature of RCT in MEDLINE for clinical and curricular
decision making; (2) the increasing number of RCT suggests the need
for computer-based clinical knowledge systems; and (3) the methods
used here can be employed to identify the most current clinical RCT
literature in each of the dental disciplines. The results, however, require
two caveats. First, the search results vary significantly, based on the
search strategy. Thus, the results can be expected to `bracket' the real
number. Second, a truer measure of the clinical utility of each citation
will be achieved only by individually assessing the validity and clinical
applicability of each article. Within these limitations, these findings
provide an estimate of the availability of the dental discipline specific
therapeutic literature, and have implications for educational, clinical,
research and policy decision makers.
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Introduction
To identify and verify the availability
of clinical information in the dental
literature for evidence-based clinical
decision-making, we conducted a
benchmarking study of MEDLINE.
The reason for this study is that the
increasing emphasis on the develop-
ment of evidence-based clinical deci-
sion-making1±4 places more focus on
the availability of high quality
evidence.5,6 Further, access to
computer-based communication
networks and, online, critically-
appraised medical information can
potentially improve clinical decision-
making by increasing information
availability.7,8

Evidence-based clinical decision-
making requires the presence of and
access to a large volume of high-

quality clinical information. Without
such literature, evidence-based clin-
ical decision making would be
impaired.

We employed bibliometric methods
(the analysis of a literature using statis-
tical methods to reveal the historical
development of subjects and publica-
tions)9, methods successfully used for
similar purposes in medicine. Biblio-
metric methods are currently being
used by the United States National
Academy of Sciences for evaluating
research programs10 and have been
used for evaluating clinical progress in
cardiology,11 audiology,12 mental
health,13 epilepsy,14 emergency medi-
cine,15 family practice, 16 allied
health,17 arthritis18 and dentistry.4,19,20

The objectives of the current study
were to develop and implement

MEDLINE search strategies that
would access the dental literature,
then estimate the availability of RCT
that could potentially be used to
make clinical and curricular deci-
sions, and to examine trends. This
study in some ways parallels and
expands on recent work examining
the diagnosis and management of
dental caries21. This is a first step
toward developing computer-based
clinical knowledge systems to assist in
clinical and curricular decision
analysis.

Methods
Literature search: Seven dental disci-
plines were selected for the study:
endodontics, implant dentistry, oral
surgery, oral medicine/radiology,
orthodontics, periodontics and
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restorative dentistry. For each disci-
pline a MEDLINE search strategy
was developed (see Appendix, Tables
1a±7a) using dental vocabulary iden-
tified from the MEDLINE Medical
Subject Heading (MeSH) index22

(see Appendix, Tables 1b±7b). Litera-
ture searches were performed using
the Ovid Web Gateway (Ovid Tech-
nologies, New York, New York,
USA) internet interface for
MEDLINE (see http://gateway.o-
vid.com). Initially, MEDLINE was
searched from 1966 to February
(week 4) 2001. The identified litera-
ture was limited to studies in
humans and to the years 1990±2000
(inclusive). The identified literature
was then further limited to
MEDLINE `Publication Type' to
``randomised controlled clinical
trials''. RCT in particular were
selected because they are thought to
represent the highest level of thera-
peutic evidence6,23,24 (http://cebm.
jr2.ac.uk/docs/levels.html). Next, three
alternative search strategies were
implemented to identify RCT. These
validated strategies were obtained
from Clinical Evidence26 (http://
www.clinicalevidence.org/what-is-ce/
search-strategy-appraisal-page-4.htm).
The first of the three was a maxi-
mally sensitive search, while the
latter two searches were of
decreasing sensitivity and increasing
specificity (see Appendix, Tables
8a±c).

Calculations: To estimate the total
number of RCT, a capture-recap-
ture method was used.27 This esti-
mate is made as follows:

N � ��M � 1��n� 1�=�m� 1�� 1

where N is the estimated number
of existing publications, M is the
number of publications identified
by MEDLINE, n is the number
identified by another search strategy
and m is the number identified by
both sources. The estimated
number unidentified by either
method was calculated by subtrac-

tion. The variance of N is esti-
mated as:

Var�N� ���M � 1��n� 1��M m�
�n m��=��m� 1�2�m� 2��

where Var(N) is the standard
deviation, M is the number of
publications identified by
MEDLINE, n is the number identi-
fied by another search strategy and
m is the number identified by both
sources.

To address the occurrence of
overlap of the articles identified by
more than one discipline, an addi-
tional search was run. Conceptually,
a single discipline-specific search was
employed and the Boolean ``not''
function was used to combine this
search with an inclusive search of all
the other disciplines combined. The
combined search was developed by
using the Boolean ``or'' function to
combine all of the other dental disci-
plines. The proportion of overlap of
the single discipline with other disci-
plines were calculated as:

[(number of RCT identified for one
discipline number of RCT unique
to the discipline)/(number of RCT of
all other disciplines combined)]� 100

The mean percentage of the overlap
was calculated by averaging the ratios
from each of the seven disciplines.

Statistical analysis: The data-sets
were analysed using Instat 2.01
(Graphpad Software, San Diego, Cali-
fornia, USA). To determine whether
the results of the search strategies
were similar or statistically different,
we examined the ANOVA with
Bonferroni's correction for multiple
comparisons.

Results
Each of the search strategies provided
different results. The data (Table 1)
indicate that the identified number of
RCT in dentistry ranges from
approximately 1300 to 27 000 for the
four search strategies. As expected,
the greatest number of articles was
identified by the maximally sensitive
search strategy. This was nearly 21-
fold greater than the number of arti-
cles identified by the specific search.
In ascending order, by search
strategy, the total number of RCT
identified in dentistry was: specific
(1260) 5 MEDLINE RCT (2443) 5
sensitive (6006) 5 maximally sensi-
tive (26 808). The range varied signif-
icantly and was indicative of the
variability of the search strategies
used to identify RCT (P50.001,
ANOVA).

We next examined individual dental
disciplines. As in dentistry as a whole,
the number of RCT varies consider-
ably between the search strategies and
the dental disciplines. The lowest
number of identified articles was
found for Implant Dentistry (10 to
approx. 1600). The greatest number
of articles was found in Oral Medi-
cine and Radiology (approximately
600±12 000). The number of RCT by
discipline and by search method
differed significantly from one
another (P50.001, Kruskal-Wallis).
For example, in order of ascending
number of articles identified, the
dental disciplines for the MEDLINE
RCT search strategy were: implant
dentistry (104) 5 endodontics (106)
5 orthodontics (198) 5 restorative
dentistry (420) 5 oral surgery (438)
5 periodontics (983) 5 oral medi-
cine/radiology (984).

In Table 1, the number of articles
identified in dentistry for each

Table 1 Estimated number of RCT in dentistry, 1990±2000

Papers (n)

Medline RCT Most sensitive Sensitive Specific

Identified 2443 26 808 6006 1260
Computed 26 820 6009 3575
Unidentified 12 3 2315
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strategy seems relatively low
compared to the number that would
result from adding the number of
RCT for the individual dental disci-
plines in Table 2. (eg, 2443 versus
3233 for the MEDLINE RCT totals).
This discrepancy suggests an overlap
of the articles between the various
specialties. To test this hypothesis, we
determined the number of articles
included in a single discipline that
also occurred in other disciplines.
The mean proportion of overlap was
42% (+15%) for MEDLINE RCT
searches, 44% (+10%) for maximally
sensitive searches, 46% (+10%) for
sensitive searches, and 45% (+19%)
for specific searches.

Because the results of the search
methods varied so markedly between
the four search strategies, a capture±
recapture method27 was used to esti-
mate the actual number of RCT.
The number of articles missed by
any method could be calculated by
subtraction and verifies (Table 1)
that the calculated number of rando-
mised control trials in dentistry
ranges from approximately 3575 to
26 820. Once again, the maximally
sensitive search strategy identified
the greatest number of articles. In
ascending order, by search strategy,

the total number of RCT estimated
in dentistry was specific (3575) 5
sensitive (6009) 5 maximally sensi-
tive (26 820) (P50.001, ANOVA). It
was observed that the identified and
computed numbers of RCT most
closely related for the sensitive
search strategy (three potentially
missed articles) whereas the numbers
were least closely related for the
specific search strategy (approxi-
mately 2300 potentially missed arti-
cles).

Finally, linear regression analysis of
the number of RCT in dentistry, per
year, over a 10-year period was used
to determine a trend line (Figure 1),
which illustrates that the number of
dental RCT is increasing substantially.
The number of articles has doubled
over the 10-year period and the rate
of change is approximately 10% per
year which is significant (P50.0003,
ANOVA).

Discussion
The current study was conducted to
identify and estimate the availability
of RCT literature that could be used
to make clinical and curricular deci-
sions. This is a first step toward
developing online knowledge systems
for clinical decision-making. The

different search strategies provided a
range of the estimated number of
RCT available for the 10-year period
1990±2000. The estimate lies between
1300 (specific search) and 27 000
(maximally sensitive search), verifying
that there are a substantial number of
RCT in dentistry. There is a variation
in the search strategies used to iden-
tify the RCT because of the signifi-
cant difference in the estimates
derived from each method. The same
is true for the dental disciplines (eg,
a specific search for implant dentistry
yields eight citations compared with
578 for periodontics).

Each of the search strategies,
however, have certain limitations.
First, certain RCT may have been
omitted, whereas other non-RCT may
have been included. It was with this
issue in mind that the search strate-
gies attempted to bracket the available
literature by using sensitive and
specific searches. As expected, the
maximally sensitive search, in all
disciplines, retrieved more articles
than a specific search. Second, the
classification of articles and their
isolation from other specialties was
made based on the MEDLINE MeSH
headings. As a result, although the
word selection was meant to be inclu-
sive, it may have excluded some rele-
vant articles and included a number
of irrelevant ones. Third, the data
presented here for all searches are
likely to be upper estimates of the
number of articles that provide valid,
clinically applicable information at a
high level of evidence. Further assess-
ments are needed to critically appraise
the identified articles (see http://
cebm.jr2.ox.ac.uk/docs/downloads.html)
and determine the level of evidence
for each article prior to implementa-
tion (http://cebm.jr2.ox.ac.uk/docs/
levels.html). Because of the large
variability among the search methods,
the likelihood that we did not identify
all of the RCT and the potential for
overlap among the dental disciplines,
we used additional methods to
address this. To more closely estimate
the actual number of RCT we

Table 2 Estimated total number of RCT in dental disciplines, 1990±2000

Papers (n)

MEDLINE Most
RCT sensitive Sensitive Specific

Implant dentistry
Identified 104 1580 299 8
Computed 1596 302 315

Endodontics
Identified 106 1514 317 23
Computed 1529 321 160

Orthodontics
Identified 198 3364 559 41
Computed 3381 562 398

Restorative dentistry
Identified 420 6060 1334 108
Computed 6075 1338 684

Oral surgery
Identified 438 3518 850 308
Computed 3527 852 560

Periodontics
Identified 983 5946 1909 578
Computed 5953 1911 1479

Oralmedicine and radiology
Identified 984 12065 2497 553
Computed 12078 2500 1443
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employed capture±recapture methods.
Although the term capture±recapture
may not be as appropriate in litera-
ture searches as in ecological determi-
nations of population size, as applied
here, the term `ascertainment inter-
section' might be used, or the
descriptor, `comparison of multiple
methods of ascertainment'.27 Inde-
pendent of the language employed,
the concepts are similar. That is they
are methods by which the actual size
of the population may be determined.

Our trend line analysis (Figure 1) of
MEDLINE RCT indicated that there
are currently, on average, about
300 RCT per year. As indicated
(Table 1), this figure may be reduced
by half (for specific searches) or
increased 10-fold (for maximally
sensitive searches). Using the
MEDLINE RCT as a discussion point,
the data suggest that to stay current
with the literature, academics and
clinicians may need to read six arti-
cles each week, 52 weeks per year.
The trend analysis also indicates that
the number of articles is likely to
continue to increase. This large and
increasing volume of information
also begins to suggest a reason for
the large variation in clinical care.
Variation in health care is chronicled
yearly by the Dartmouth Atlas of
Healthcare (http://www.dartmoutha-
tlas.org/default.php). Their evidence
indicates that extraordinary variation

in care and outcomes is associated
with three factors, poor quality of
science underlying clinical care, poor
quality of clinical decision making,
and variation in level of clinical skill.
These factors may also account, in
part, for the recent report in Reader's
Digest28 highlighting the variability of
treatment plans, and for the highly
regarded series of scientific studies
demonstrating significant variability
in dental diagnosis and treatment.29

Our data suggest a fourth factor, the
large and increasing volume of litera-
ture.

These trends suggest the need for
computer-based clinical knowledge
systems. Thus, the next steps are to
sample, critically appraise, stratify and
electronically catalogue the identified
literature to provide an accessible and
ongoing electronic database. Such a
database will be useful for multiple
audiences. These audiences include
academics concerned about the
evidence base for curricular decisions;
patients and clinicians making deci-
sions about clinical care; researchers
interested in identifying gaps in the
available knowledge base; corporate
entities interested in developing new
products; policy makers who fund
clinical research; healthcare purcha-
sers who make decisions about care
compensation; and finally for profes-
sional societies that seek to provide
guidance for their membership.

Finally, the search methods
employed here can be applied imme-
diately to identify RCT in a given
dental discipline. For example, the
term ``bleaching'' can be `anded' with
endodontics to identify RCT of endo-
dontic bleaching (see Appendix, Table
8c, line 5). The search results will
include a small number of very rele-
vant RCT, but with very few irrele-
vant articles.
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