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Objectives: The aim of this study was to determine the level of evidence that is published in
the oral and maxillofacial radiology (OMR) literature.

Methods: OMR papers published in Dentomaxillofacial Radiology and Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology and Endodontology between 1996 and 2005 were
classified using epidemiological study design and diagnostic efficacy hierarchies. The country
of origin and number of authors were noted.

Results: Of the 725 articles, 384 could be classified with the epidemiological study design
hierarchy: 155 (40%) case reports/series and 207 (54%) cross-sectional studies. The
distribution of study designs was not statistically significant across time (Fisher’s exact
test, P = 0.06) or regions (P = 0.89). The diagnostic efficacy hierarchy was applicable to
246 articles: 71 (29%) technical efficacy and 166 (67%) diagnostic accuracy studies. The
distribution of efficacy levels was not statistically significant across time (P = 0.22) but was
significant across regions (P < 0.01). Authors from Japan produced 26% of the papers with a
mean + standard deviation of 5.78 + 1.98 authors per paper (APP); American authors, 23%
(3.78 + 1.72 APP); and all others, 51% (3.76 + 1.51 APP).

Conclusion: The OMR literature consisted mostly of case reports/series, cross-sectional,
technical efficacy and diagnostic accuracy studies. Such studies do not provide strong
evidence for clinical decision making nor do they address the impact of diagnostic imaging
on patient care. More studies at the higher end of the study design and efficacy hierarchies
are needed in order to make wise choices regarding clinical decisions and resource
allocations.
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Introduction

Discovery and development research has provided
many new technologies and modalities for patient
imaging. However, it is important to assess the utility
and efficacy of new methods before they are adopted
widely or become the standard of care. In 1991, Samuel
Thier, then president of the Institute of Medicine of the
US National Academies, said “‘Practices are built by
accretion rather than by assessment. We no longer
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know which of the available choices in a given cir-
cumstance is best relative to the others. We only know
whether something works or does not. That is an un-
acceptable situation for any of the profession, and
particularly unacceptable in health services where costs
keep rising. If we cannot determine what is useful and
what is appropriate, then it is unlikely that we will
make wise choices about what we wish to do.”! This
prescient comment coincided with the beginning of
the modern evidence-based practice movement in the
early 1990s. Since the mid-1990s there has been a steady
growth of evidence-based papers in the dental litera-
ture (Figure 1). However, all evidence is not equally



Design and efficacy in the OMR literature
IH Kim ef a/

275

Number of papers

1994

1995 1996 1997 1998

1999 2000 2001

900

T 800

r 700

r 600

r 500

r 400

r 300

r 200

siaded jo Jaqunu aAnje|nwing

2002 2003 2004 2005

Year

Figure 1 Number of “evidence-based” papers in the dental literature published annually (bars) and cumulatively (line) since 1994. Data were obtained
from PubMed (www.pubmed.gov) using the following search strategy: evidence-based (all fields). Search was limited to English-language dental journals

compelling; the strength of the evidence falls along a
continuum from weak to strong, from narrow and
focused to broad and global. Using the strongest
available evidence will optimize patient care.

One way to assess the quality of a clinical study is by
classifying its study design. Clinical research designs may
be classified by several different schemes,>° including
the traditional epidemiological hierarchy where study
designs are arranged from less rigorous to more
rigorous.>° Observational studies describe a disease or
assess the relation of exposures to outcomes and address
the questions of prevalence, natural history, aetiology or
risk factors associated with disease. From weakest to
strongest, study designs in this group are case reports,
case series and cross-sectional, case—control and cohort
studies. Higher on the epidemiological hierarchy are the
experimental studies. In this group, randomized clinical
trials are performed where there is an intervention or
prevention to change the course of the disease.

In 1979, Fletcher and Fletcher reviewed a random sam-
ple of articles published between 1946 and 1976 in three
leading medical journals and found an overall increase in
the use of weak research designs.” While clinical trials
increased from 13% to 21%, cohort studies decreased
from 59% to 34% and cross-sectional studies increased
from 24% to 44%. In 1991, a follow-up analysis based on
the same three journals revealed an increase in the use of
strong research designs.® From 1971 to 1991, clinical tri-
als increased from 17% to 35% and case series decreased
from 30% to 4%. No changes were noted in cross-sectio-
nal, cohort or case-control studies. Since the Fletcher
study in general medicine, similar studies have been
conducted in pediatrics, neurosurgery, otolaryngology,
obstetrics, nursing, genetics and medical radiology.® 1>

The epidemiological hierarchy provides a tool for
the clinician and researcher to assess the strength of
evidence in a given study. However, for imaging
studies it does not address the issue of diagnostic
efficacy, which is another key element in the clinical

decision-making process. Fryback and Thornbury have
aptly defined the concept of diagnostic efficacy with a
six-tiered hierarchical model that can be used to classify
imaging studies.!® This model is a global approach
where the efficacy of a radiographic image is analysed
as part of a larger system and where the aim is to treat
patients efficiently. The lower tiers measure image
quality and diagnostic accuracy, while the higher tiers
measure patient outcome efficacy and societal efficacy.
The tiers range from the localized goal of obtaining the
most accurate image to the global goal of measuring
patient outcome and societal efficacy to effect changes
in patient care and health policy. The work of Fryback
and Thornbury has been widely cited!” but rarely
applied to assess the overall literature. Rather, the
diagnostic efficacy hierarchy has been used as inclusion
criteria for selecting articles in systematic reviews.!8:1
Whereas systematic reviews address a specific topic in
radiology, our study applied the efficacy hierarchy to a
specific literature in radiology, the oral and maxillofa-
cial radiology literature.

Sound clinical decision making and resource allo-
cations rely on well-founded evidence. The primary
objective of our study was to assess the oral and maxi-
llofacial radiology literature for strength of evidence
using the epidemiological hierarchy model applied to
clinical research and for strength of efficacy using the
diagnostic efficacy hierarchy model. Secondary objec-
tives were to assess the regional distribution of the
number of published papers and to compare the number
of authors per paper across regions.

Materials and methods

The sample for this study came from the two major
English-language journals devoted in part or in whole
to oral and maxillofacial radiology: Oral Surgery, Oral
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Medicine, Oral Pathology, Oral Radiology and Endo-
dontology (OOOOE) and Dentomaxillofacial Radiology
(DMFR). We reviewed all 400 articles in the OMR
section of OOOOE published between 1996 and 2005,
and the 325 articles in the odd-numbered issues of
DMFR published during the same time period. Each
article was reviewed independently by two investigators
and categorized according to the two classification
schemes. Investigators were calibrated prior to the
study and when a classification disagreement occurred
the papers were reviewed together and a consensus
reached.

We classified each clinical research article according to
the traditional epidemiological study design hierarchy
(Table 1, Study design). We defined clinical research as
research in which the objects of study were patients
(images), providers (observers) or institutions (environ-
ment). The study designs that did not fit the traditional
model were classified as “others”. This included studies
that used phantoms, cadavers or animals; papers that
described the development of a new technology or a new
application of an existing technology; dosimetry studies;
and papers that were comprehensive descriptions of a
specific disease or described observed changes over time
without any quantitative assessment. We also classified
each paper according to the hierarchy of diagnostic
efficacy'® (Table 1, Efficacy level).

In addition to classifying each paper by its study
design and diagnostic efficacy level, we recorded the
number of authors per paper and the country of origin
of the corresponding author. Preliminary analysis
revealed that authors from Japan produced 26.5% of
the papers; authors from the USA contributed 22.8%,
and authors from the remaining 39 countries published
the rest (Figure 2). This distribution became the basis
for the regional analyses.

SPSS 16.0 (SPSS, Inc., Chicago, IL) was used for data
management and statistical analyses. Initial analysis
revealed many table cells with low or zero counts.
Therefore, data from 2 years were merged, producing 5
bienniums, and SAS 9.1 (SAS Institute, Cary, NC) was
used to perform 2-sided Fisher’s exact tests (Monte
Carlo estimate) to evaluate the distributions of the 2
hierarchies over time and across regions. Analysis of
variance (ANOVA) was used to compare the number of
authors by region, followed by post hoc pairwise
comparisons when appropriate (Tukey honestly signifi-
cant difference (HSD)).

Initially, the data were analysed separately for each
journal, which revealed a single minor difference between
the journals. Therefore, we report only the results for the
combined data except where there was a difference.

Results

Of the 725 articles reviewed, 384 fit the traditional
epidemiological study design classification. Of these
384, there were 115 case reports, 40 case series, 207
cross-sectional, 11 case—control, 4 cohort and 7 experi-
mental studies. There was no statistically significant
association between study design and biennium
(Table 2, Study design; Fisher’s exact test, P = 0.06)
or between study design and region (Table 2, Study
design; Fisher’s exact test, P = 0.89).

A total of 246 of the 725 articles could be classified
according to the diagnostic efficacy hierarchy. Only four
levels of the hierarchy were represented and a little over
two-thirds of the articles were diagnostic accuracy ef-
ficacy studies. There was no statistically significant asso-
ciation between efficacy level and biennium (Table 2,
Diagnostic efficacy; Fisher’s exact test, P = (.22), but

Table 1 Traditional epidemiological study design and diagnostic efficacy hierarchies

Classification

Definition

A. Study design
Case report
Case series
Cross-sectional
Case—control

Cohort

Experimental

B. Efficacy level®
1. Technical

2. Diagnostic accuracy

3. Diagnostic thinking

4. Therapeutic
5. Patient outcome

6. Societal efficacy

The presentation of one or two new cases

The presentation of three of more new cases

A prevalence study; observations related to one moment in time

Subjects are classified on the basis of outcome (e.g. disease or no disease) and previous events (e.g. exposed or
non-exposed). It is an attempt to link aetiology with their current disease status

Subjects are classified on the basis of exposure and followed through time to see if an outcome develops or not. At
least two observational points are chosen. This is an attempt to establish cause and effect

Clinical trials with non-random and random allocation. Variables could be manipulated

Technical aspects of radiology equipment; comparison of radiographs based on the technical criteria, such as
resolution, modulation, grey-scale range and sharpness

Yield of normal or abnormal diagnoses in a group of cases; assessed with sensitivity and specificity, predictive
values or ROC analysis

Number of cases in which an image judged helpful in making a diagnosis. Clinician changes diagnosis based on
pre- and post-test information

Number of times the image was helpful in planning patient management. The number of times planned therapy
was changed after test information was obtained

Number of patients improved with test vs without test; morbidity avoided; changes in life expectancy; cost saved
with image information

Cost/benefit from a societal viewpoint

ROC, receiver operating characteristic. *“Modified from Fryback and Thornbury!'®
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Figure 2 Total number of papers published between 1996 and 2005 by country of origin (n = 725)

there was a statistically significant association between
efficacy level and region (Table 2, Diagnostic efficacy;
Fisher’s exact test, P < 0.01). When the data were
analysed separately for each journal (results not shown)
there was a statistically significant association between
efficacy level and region for OOOOE (Fisher’s exact test,
P < 0.01), but not for DMFR (Fisher’s exact test,
P = 0.26).

The cross-tabulation of study design with diagnostic
efficacy revealed the intersection of these two hierarchies
(Table 3). The cross-sectional design was the most

common study design used (65/166 or 39%) in diagnostic
accuracy studies. However, among the cross-sectional
studies, the diagnostic accuracy efficacy studies were a
distant second (65/207 or 31%) to the more common
non-efficacy studies (133/207 or 64%).

While the number of papers published from each
region fluctuates over the 10-year period, there is a
general downward trend for American authors, a flat
trend for Japanese authors and an upward trend for
authors from other countries (Figure 3). In Japan, the
mean number of authors (4 standard deviation) was

Table 2 Study design and diagnostic efficacy by biennium and by region

Biennium Region
Classification 96-97 98-99 00-01 02-03 04-05 Total Japan US4 Other Total
A. Study design
Case reports 20 16 26 22 31 115 33 16 66 115
Case series 10 11 3 9 7 40 14 6 20 40
Cross-sectional 27 50 40 48 42 207 63 34 110 207
Case—control 3 0 2 2 4 11 5 2 4 11
Cohort 0 2 2 0 0 4 1 1 2 4
Experimental 1 3 2 1 0 7 1 2 4 7
Total 61 82 75 82 84 384 117 61 206 384
Fisher’s exact test, P = 0.06 Fisher’s exact test, P = 0.89
B. Diagnostic efficacy
Technical 17 21 18 6 9 71 26 24 21 71
Diagnostic accuracy 35 44 30 35 22 166 30 45 91 166
Diagnostic thinking 0 1 0 2 1 4 1 1 2 4
Therapeutic 1 3 1 0 0 5 0 2 3 5
Total 53 69 49 43 32 246 57 72 117 246

Fisher’s exact test, P = 0.22

Fisher’s exact test, P < 0.01
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Table 3 Cross-tabulation of study design vs diagnostic efficacy

Efficacy
Diagnostic Diagnostic

Study design Technical accuracy thinking Therapeutic Not applicable Total
Case report 0 0 0 0 115 115
Case series 0 1 0 1 38 40
Cross-sectional 2 65 4 3 133 207
Case—control 0 3 0 0 8 11
Cohort 0 0 0 1 3 4
Experimental 1 5 0 0 1 7
Other 68 92 0 0 181 341

Total 71 166 4 5 479 725
578 +1.98, in the USA it was 3.78 +1.72 and  published in DMFR between 1987 and 2000.2° However,

elsewhere it was 3.76 + 1.51 (Table 4). The differences
among regions is statistically significant (ANOVA, F =
99.50, degrees of freedom (df) = 2722, P < 0.01) and
post hoc pairwise comparisons revealed that the mean
number of authors per paper from Japan is significantly
greater than the mean number of authors per paper from
the USA and from other countries (Tukey HSD,
P < 0.01). The same results were obtained when the
clinical research (n 384) and diagnostic efficacy
(n = 246) papers were analysed separately (Table 4).

Discussion

During the 10-year study period 1996-2005, there has
been no significant change over time in the types of
study design used in clinical research in oral and
maxillofacial radiology. The study designs were pre-
dominantly case reports/series and cross-sectional
studies with very few studies in the higher levels of
the epidemiological hierarchy.

Overall, case reports/series comprised 21.4% of all 725
oral and maxillofacial radiology papers published in
OOOOE and DMFR during the study period, which is
consistent with the percentage of case reports (19%)

this is substantially less than the 57.8% of oral pathology
papers published in OOOOE in 1972 and 1992 that were
case reports,?! but somewhat greater than the 9.7% of
radiology articles published in the American Journal of
Roentgenology (AJR) and Radiology in 1998 and 1999
that were case reports.!> Direct comparisons for cross-
sectional studies cannot be made because of the way the
other studies characterized the study designs and reported
their results. However, limiting the analysis to the 384
clinical research papers revealed that cross-sectional
studies comprised 53.9% of the oral and maxillofacial
radiology clinical studies, which is greater than the 22%-—
449% of clinical research papers published in the general
medical literature between 1946 and 1991 that were cross-
sectional studies.”® Cohort and case—control studies com-
bined comprised 2.1% of our total study sample of 725
papers, which is comparable with the 2% found in
the paediatric dentistry literature.?> Experimental studies
comprised only 1% of our total sample, whereas they
comprise 9% of the paediatric dentistry literature?? and
17% of the English-language literature regarding therapy
for temporomandibular disorders.??

Longitudinal studies, especially randomized clinical
trials (RCTs), are uncommon in oral and maxillofacial
radiology despite the fact that they provide the strong-
est evidence for assessing risk, establishing causality
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Figure 3 Number of papers published per biennium by region (n = 725)
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Table 4 Number of authors per paper by region
Region
N Japan USA Other F df P*
n Mean (SD) n Mean (SD) n Mean (SD)

All papers 725 192 5.78 (1.98) 165 3.78 (1.72) 368 3.76 (1.51) 99.50 2722 <0.01
Clinical research 384 117 5.97 (1.84) 61 3.67 (1.55) 206 3.72 (1.46) 81.23 2381 <0.01
Diagnostic efficacy 246 57 5.75 (1.92) 72 3.90 (1.73) 117 3.68 (1.31) 34.60 2243 <0.01

df, degrees of freedom; SD, standard deviation. *All post hoc pairwise comparisons were statistically significant (Tukey honestly significant

difference, P < 0.01): Japan > USA, other

and evaluating therapeutic interventions. According to
Fryback and Thornbury, RCTs are required to provide a
“definitive answer concerning whether a radiographic
examination is efficacious with respect to patient out-
come[s].”’!® However, others claim that RCTs are not
always appropriate or necessary for imaging studies.
Because technology changes rapidly and longitudinal
studies progress slowly, it is possible, even likely, that the
imaging technology will have changed before the study is
completed and the results published.?* Indeed, the role of
RCTs is at the heart of the controversy regarding CT
screening for lung cancer.?>?° Some researchers advo-
cate CT screening for lung cancer based on results from
their single-arm study that did not include a non-
screening control group.?’” Other researchers, who
conducted similar single-arm studies and obtained
similar results, interpret the results differently and urge
restraint until an ongoing National Cancer Institute-
funded RCT is completed.?®

In the general medical literature, clinical research
papers published in American journals tended to use
stronger study designs than those published in Japa-
nese journals.?® However, in this study of OMR lite-
rature, we found no significant difference in the study
designs used by authors from different geographic
regions or between American and Japanese authors in
particular.

During the study period, there has been no significant
change over time in the level of efficacy studies in our
sample of OMR literature. Technical efficacy (level 1)
and diagnostic accuracy efficacy (level 2) comprised
96.3% of the efficacy studies (n = 246). Whereas level 1
and 2 studies were conducted with approximately equal
frequency in Japan, level 2 studies were nearly twice as
common as level 1 studies in the USA and a little more
than four times as common elsewhere (“other’), which
accounts for the statistically significant difference in
diagnostic efficacy among the geographic regions. The
reason for this trend is not obvious, but may be related to
differences in the introduction of new technology,
education of academic oral and maxillofacial radiolo-
gists and imaging scientists, and availability of research
funding in different parts of the world.

Both level 1 and 2 efficacy studies are relatively simple
and inexpensive to conduct and can be completed in a
reasonably short time. In the efficacy hierarchy, they
provide the foundation necessary for studies at higher
levels. However, Fryback and Thornbury describe

patient outcome efficacy (level 5) as “the sine qua non
of efficacy from the individual patient’s viewpoint™,'° of
which there were none in the OMR literature. To the best
of our knowledge, there are no other studies that have
applied the efficacy hierarchy to the OMR or medical
radiology literature with which to compare our results.
However, studies of published medical radiology articles
that fall within a single diagnostic efficacy level suggest a
literature that has not improved over time. Receiver
operating characteristic (ROC) studies (level 2) pub-
lished in Radiology between 1997 and 2006 were often
inadequate for clinical decision making and contained
frequently recurring mistakes.® The quality of diagnos-
tic accuracy studies (level 2) published between 2001 and
2005 was fair to middling throughout the study interval,
leading the author to conclude that the ‘“quality of
reporting of diagnostic accuracy is substandard, with a
great deal of room for improvement”.3! While the
average number of cost-effectiveness studies (level 6)
published each year increased between 1985 and 2005,
the average quality remained constant across the 20
years.3?

The cross-tabulation of study design with diagnostic
efficacy revealed that most diagnostic efficacy studies
were cross-sectional studies. This is a predictable ob-
servation given that diagnostic accuracy efficacy studies
usually yield sensitivity, specificity and ROC data, which
are typically generated from cross-sectional studies.
Furthermore, the lack of higher levels of efficacy studies
could be predicted from the lack of higher levels of
study designs, and conversely higher levels of efficacy
(levels 3-6) can also be addressed with decision analytic
models.!® However, in our study the paucity of cohort
studies and RCTs was not offset by decision analysis
studies. In the absence of cohort studies and RCTs, a
sufficient number of well done case—control studies with
consistent results may also be sufficient to guide clinical
decision making and policy, but these were uncommon
in our sample.

Cross-sectional and diagnostic accuracy studies pre-
dominate the literature for multiple reasons. Cohort
studies and RCTs are difficult to perform, requiring large
patient populations, long-term clinical follow-up and
sophisticated statistical analyses. They demand greater
planning and are much more expensive than case reports/
series and cross-sectional studies, and require a cadre
of well-trained researchers and a source of adequate
funding. In addition, the Fletchers suggest that “...the
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approach to clinical research might be influenced by
rapid developments in technology, the mobility of both
researchers and patients and academic competition
(“publish or perish)”.”

In our sample, Japan and the USA produced nearly
half of the OMR papers during the study period, which
closely parallels the trend in global biomedical publica-
tions during a comparable period (1995-2000).33 There
has been a decrease in the number of papers from the
USA and an increase in the number of papers from
Japan and others. This is consistent with the trend
observed for Radiology between 1998 and 2003.34

The present study is unique in its global analysis of the
OMR literature. To our knowledge, this is the first time
the Fryback and Thornbury model has been applied to
this literature. Our study was limited to OOOOE and
DMFR, the two major English-language journals for
oral and maxillofacial radiology, and therefore may
not be representative of the entire OMR literature.
Restricting the DMFR sample to papers published in the
odd-numbered issues should not bias the results, as there
is no systematic difference in the types of papers
published in odd- and even-numbered issues (Brooks
SL, DMFR editor, personal communication, 10 May
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