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Chapter 2.  Methods


Chapter 2.  Methodology

Overview


This chapter of the report documents the procedures that the Research Triangle Institute-University of North Carolina at Chapel Hill Evidence-based Practice Center (RTI-UNC EPC) used to develop a comprehensive evidence report that describes and contrasts the approaches currently used in the diagnosis of dental caries and in management of two specific clinical presentations of dental caries.  To set the framework for review, the key questions and their underlying causal pathway are presented first.  This is followed by a detailed description of the literature search, which includes descriptions of the Medical Subject Headings (MeSH terms) used in the principal search, other search sources, the inclusion and exclusion criteria, and the application of these criteria to the results of the searches.  Once the RTI-UNC EPC team determined that studies met the inclusion/exclusion criteria and were eligible for inclusion, the team abstracted data onto Data Extraction Forms and then transferred critical information to evidence tables; these forms are also described in this chapter. 


The chapter also discusses quality issues, i.e., the RTI-UNC EPC’s quality control procedures with regard to determining the eligibility for inclusion, carrying out the data abstraction, and developing a quality rating scheme for individual studies.  An evidence report requires an extensive search of all types of literature.  Because the criteria for quality ratings will vary by type of study design, the RTI-UNC EPC developed quality rating forms specific to the two types of studies included in the diagnosis and management reviews.  This section describes the development of the rating system and its use in the analysis. 

Key Questions and Causal Pathways


This report addresses three questions.  The first concerns diagnosing carious lesions, the second examines strategies for treatment of early carious lesions, and the third focuses on management of patients who have multiple carious lesions or are perceived to be at high risk for developing lesions.  All the questions were put in final form with input from the TEAG and the consultants after an original set of questions was identified in initial discussions with the planning committee for the CDC on the Diagnosis and Management of Dental Caries Throughout Life.

Final Key Questions


The key questions address issues of caries diagnosis and management that arise in the professional treatment of dental caries, i.e., those procedures that are provided by dentists and allied dental personnel in dental practices and clinics.  Thus, the procedures are limited to those commercially available at the time of this review.  Further, the caries management questions focus on issues that accompany the “modern” view of dental caries as an oral infection that, at specific sites, initially leads to demineralization and ultimately destruction of tooth tissue.  The key questions, stated in final form, are as follows:

Question 1.
What are the validities of the available diagnostic methods for detecting carious lesions in primary and permanent teeth? 

Question 2.
What are the efficacies of the nonsurgical methods available for stopping or reversing the progression of a noncavitated coronal carious lesion in a primary or a permanent tooth?
Question 3.
What are the efficacies of the methods available for reducing the incidence of new coronal carious lesions in primary and permanent teeth in individuals who are deemed to be “caries active” or at “high caries risk”?

The first question addresses only the diagnosis of primary caries, i.e., the first carious lesion on a tooth surface.  Both coronal and root surfaces are included in the review, and for coronal surfaces, both primary and permanent teeth are included.  Following discussion with the TEAG, assessment of test validity was operationalized as the sensitivity and specificity of a diagnostic test.  The methods to be assessed included all those diagnostic methods that are commercially available, including visual and visual-tactile inspection, radiography, FOTI, EC, laser fluorescence, and combinations of those methods.


The second question focuses on individual early carious lesions, where demineralization has occurred but cavitation has not yet occurred.  In the past, this type of lesion was either removed surgically and replaced with a restoration or monitored or “watched.”  Dentists generally assumed that many noncavitated lesions would progress to cavitation, and based treatment decisions on this assumption.  More recently, the possibility of remineralizing or at least arresting the demineralization of these noncavitated lesions has been considered as an alternative to surgical removal and restoration.  Another nonsurgical technique, placing dental sealants, is also available for noncavitated lesions on fissured surfaces.  The question includes consideration of a still wider range of potentially useful methods, including professional fluoride applications and prescribed supplements, other remineralization agents,  professional oral hygiene and plaque control programs, and combinations of these methods.


The third question focuses on patients rather than individual carious lesions.  It reflects the need for information about how to manage patients who have active carious lesions or who are at risk of developing such lesions.  Recommendations for the “medical management” of such patients have appeared; yet the methods to be included in such an approach are not well defined.  This question includes consideration of professional fluoride applications and prescribed supplements, sealants, antimicrobial therapy, salivary enhancements, nutritional/diet counseling, professional oral hygiene/plaque control programs, and combinations of these methods.

Causal Pathways


Because the questions are closely linked in the typical examination and treatment sequence that occurs in dental practice, the RTI-UNC EPC team chose to construct a single causal pathway that defines the relationship of the three questions (Figure 1).  The diagnosis of carious lesions is, in reality, an exhaustive search for signs of disease on all surfaces of all teeth, using a variety of search techniques.  The results of the search will drive subsequent treatment decisions.  Information from the search will include the presence or absence of carious lesions and their pattern of occurrence, the degree of penetration of each identified lesion, and whether a lesion is cavitated, i.e., has lost organic material to the extent that the enamel surface has lost its contour.  

The first question examines the accuracy with which the presence or absence (i.e., “any caries”) and the depth of penetration (caries affecting the dentin or inner structure of the tooth) are identified, as well as the accuracy with which cavitation can be detected.


The degree of penetration of the lesion is thought to be the principal criterion that most dentists use in making treatment decisions, with penetration to the dentin seemingly the threshold for restoration reported most often.  In view of caries progression, whether a lesion is cavitated or not may represent a more logical criterion for differentiating between opportunities to arrest or reverse caries progression nonsurgically and the necessity for removal of the lesion and replacement of the lost tissue.  The use of dentin penetration as the surgical intervention criterion may result in the treatment of noncavitated, potentially reversible lesions.  The causal pathway reflects the lack of a cavitation criterion for nonsurgical intervention. 


For those patients found to have one or more carious lesions, in addition to surgical or nonsurgical treatment directed specifically at the lesion(s), there is an opportunity to provide treatment for the purpose of reducing the likelihood for the development of further lesions.  As noted, although dentists have long provided professional preventive procedures, linking the provision of these procedures to a patient’s caries activity status, when it has been done, usually has been done informally, with little knowledge of the effectiveness of such preventive procedures in patients with high rates of disease.  Extending this type of targeted intensified prevention to patients identified as being at risk for the development of carious lesions is less common.  Caries risk assessment is a relatively recent development in dentistry; and even though a number of risk assessment instruments have been described, the approach has not been validated when applied to individual patients. 

Figure 1.  Causal pathways for the diagnosis, nonsurgical management, and prevention of carious [image: image2.wmf]medical management of
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1 Determined separately for primary teeth and for coronal and root surfaces of permanent teeth.

2 Methods to be evaluated are radiographs, visual and visual/tactile inspection, FOTI, EC, fluorescence, and combinations of these methods.

3 Risks associated with the diagnostic procedure may include exposure to ionizing radiation, inadvertent cavitation, and site inoculation as well as outcomes of false positive and false negative diagnoses.

4 Validity evaluated as sensitivity and specificity.

5 Methods to be evaluated include professional (in-office) fluoride applications and/or prescribed supplements, other remineralization agents, sealants, professional oral hygiene/plaque control programs, and combinations of these methods.

6 Risks associated with the nonsurgical treatment intervention may include drug reactions, loss of tooth pulp, and dentist concern over “failure to treat.”

7 Methods to be evaluated include professional (in-office) fluoride applications and/or prescribed supplements, sealants, antimicrobials, salivary enhancers, nutritional/diet counseling, professional oral hygiene/plaque control programs, and combinations of these methods.

8 Caries-active designation operationalized as existing caries lesion(s) and/or high caries-risk level based on criteria other than current lesions.

9 Risks associated with infectious disease management strategy include drug reactions, loss of tooth pulp, and dentist concern over “failure to treat.”
Literature Search


This portion of Chapter 2 documents the literature search process, specifying the terms used for each of the literature database searches conducted, as well as describing other search strategies and listing the inclusion/exclusion criteria used for the initial search and the review of identified studies.  It also documents the steps taken to identify the relevant studies from among those identified in the searches to be included in the evidence report.

Search Terms

Two separate literature searches were conducted for this evidence report—one for the caries diagnosis question and the other for the two caries management questions.  Tables 3 and 4 show the MeSH terms used for searching MEDLINE, the principal database for each of these two searches, as well as the results of the searches.  The searches were run in October 1999.  Although detailed sets of inclusion and exclusion criteria had been developed prior to the searches (see following section), few of the criteria are evident in the search strategies.  Indexing for the dental literature is sketchy and unreliable in the first 10 years covered by MEDLINE, and problems exist well into the 1980s for some terms of interest in these searches (e.g., demineralization and remineralization).  Thus, the search strategies tended to be inclusive rather than exclusive.  Only at the broadest level could either search be limited to human studies, reports in English (because resource constraints), and a rather wide variety of study types listed in the tables.


In the absence of effective exclusion criteria available in MEDLINE, it still might have been possible to design relatively “tight” search strategies if certain critical keywords were available to narrow the search focus.  Unfortunately, this was not the case for either search.  The diagnosis search returned a large number of potentially eligible studies (1,328) because preliminary searches had demonstrated that a key term, “sensitivity and specificity,” could not be assumed to identify accurately all eligible studies.


In the management search, two critical features of eligible studies could not be isolated through use of indexing terms.  Neither noncavitated lesions nor caries-active or “at-risk” patients are identifiable through the keyword structure.  Thus, the management search had to be designed to identify all possible evaluations of the eligible preventive methods, with subsequent inspection of the abstract or full paper required for a final determination of eligibility for either of the systematic reviews based on patient sample or type of lesion included.  The result was the identification of 1,435 citations.

Table 3.  Strategy and results of MEDLINE caries diagnosis search
Wide search of early caries literature

1
exp dental caries/pa,di.ra


2,846

2
limit to human, English, 1966-75


219

Defining studies of caries

3
exp tooth demineralization/pa,di,ra


2,928

4
exp dental caries/


21,830

5
3 or 4


21,904

Limiting 5 to diagnostic methods

6
exp diagnosis/, oral diagnosis/


2,420

7
exp radiography/, dental radiography/, 


digital dental radiology/


816

8
exp pathology/, oral pathology/


4

9
1 or 6 or 7 or 8



2,539

10
limit to human, English



1,776

Limiting 10 to various study types

11
controlled clinical trial



21

12
meta analysis



4

13
randomized controlled trial



50

14 
epidemiologic study characteristics



244

15
epidemiologic research design



333

16
comparative study



457

Combining results of 1966-75 “wide” search and searches for specific study types

17
2 or 11 or 12 or 13 or 14 or 15 or 16



1,266

Adding all root caries studies

18
exp root caries/pa,di,ra



62

Total




1,328

exp:  explode (i.e., include all subheadings, or those listed after the slash)

pa:  pathology

di:  diagnosis

ra:  radiography
Table 4.  Strategy and results of MEDLINE caries management search
Identifying management methods

1
exp fluorides, topical/tu
2,061

2
exp tooth remineralization/
445

3
exp pit and fissure sealants/tu
667

4
exp health education, dental/
4,287

5
exp dental prophylaxis/
3,699

6
exp oral hygiene/
8,624

8
exp dental plaque/pc,dh,dt,th
3,423

9
exp chlorhexidine/tu
1,126

10
exp xylitol/tu
162

11
exp tooth demineralization/pc,dt,th
10,162

12
exp cariostatic agents/tu
3,994

13
fluoride supplements
60

14
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13
26,902

Identifying caries management methods

15
exp dental caries/pc,dh,dt,th
10,064

16
14 and 15
10,058

17
limit to human, English
5,057

Limiting 17 to various study types

18
controlled clinical trial
122

19
randomized clinical trial
177

20
epidemiologic study characteristics
762

21
epidemiologic research design
266

22
comparative study
758

Total of 18 or 19 or 20 or 21 or 22
1,435

exp:  explode (i.e., include all subheadings, or those listed after the slash)

tu:  therapeutic use

pc:  prevention and control

dh:  diet therapy

dt:  drug therapy

th:  therapy
Additional Searching

Subsequent to the principal literature searches in MEDLINE, the team completed followup searches in EMBASE and the Cochrane Controlled Trials Register.  The search terms and results for the EMBASE searches are shown in Tables 5 and 6. The studies not duplicated in the MEDLINE searches were added to the two groups of studies included in the review.  No new studies were found in the Cochrane Library.


A valuable supplemental search strategy was perusal of the reference sections of papers identified in the searches.  Again, the reason for the seeming inefficiency of the MEDLINE searches is in large measure the imprecise indexing characteristics of dental studies in the 1970s and 1980s.  Not only are descriptors of study design characteristics inexact or missing, but descriptors related to the condition or process of interest are also often tangential in nature.  This forces the search to be less exclusive and at the same time increases the likelihood that some studies will be missed, even with a fairly broad search strategy such as the one employed.


The team had elected at the outset not to complete a detailed search of the gray literature.  This is information not appearing in the periodic scientific literature, such as dissertations, theses, industry reports, unpublished studies, abstracts, and other nontraditional sources.  The team made this decision because of both limited resources and the prevailing experience opinion among RTI-UNC EPC staff that in the absence of known sources for such literature, searches were unlikely to yield useful information.  The team did query NIDCR to identify any in-progress studies that might have recently reported relevant data.  The team did not identify other potentially fruitful sources for gray literature for dental topics.  Thus, no other sources were searched.


Finally, because the addition of dental articles to the MEDLINE database tends to lag behind publication date by at least 6 months, the team hand-searched six of the more fruitful journals for relevant studies for the period January 1998–December 1999 (Caries Research, Community Dentistry Oral Epidemiology, European Journal of Oral Sciences, Journal of Dental Research, Journal of Dentistry, and Journal of Public Health Dentistry).

Table 5.  Strategy and results for EMBASE caries diagnosis search

1. dental adjacent to caries
1,554

2.  diagnosis 
248,652

3.  dental radiography
   121

4.  2 and 3
248,677

5.  1 and 4
87



6.  New citations added (not duplicates with MEDLINE)
79



Source:  Excerpta Medica, copyright Elsevier Science B.V.

Table 6.  Strategy and results for EMBASE caries management search
1.  dental adjacent to caries    
1,554

2.  topical fluorides
6

3.  remineralizaion
79

4.  dental sealants
13

5.  sealants 
96

6.  chlorhexidine
0

7.  cariostatic agents 
0

8.  2 or 3 or 4 or 5 or 6 or 7  
181

9.  1 and 8 
48 

10.  New citations added (not duplicates with MEDLINE)
43

Source:  Excerpt Medica, copyright Elsevier Science B.V.

Inclusion and Exclusion Criteria for the Literature Searches

Tables 7, 8, and 9 show the final inclusion and exclusion criteria applied to studies for questions relating to diagnosis, noncavitated lesions, and caries-active individuals.  As noted earlier, the searches were electronically limited to human subjects, time periods were 1966 or later, and publication language was limited to English.  In addition, the eligibility criteria restricted studies to settings that could realistically be generalized to dental practices, although all geographic locations were potentially eligible. 


A key criterion for the diagnostic question was the requirement for histologic validation of caries status for each surface studied.  By requiring this level of validation, the team eliminated a large number of studies that compared two or more diagnostic methods, with one method designated as the reference standard.  No currently available clinical diagnostic method is perfectly valid, i.e., has 100 percent sensitivity and specificity compared with histologic evaluation.  Thus, the team excluded such studies because members were unwilling to include studies that would automatically introduce error into the assessment process.  The team made an exception to the histologic reference standard where cavitation was the extent of lesions to be detected.  Here a reference standard of direct visual clinical examination was deemed acceptable.  Both in vivo and in vitro studies were accepted, although the number of in vivo studies was understandably limited because of the requirement for histologic validation.


The inclusion criteria for diagnostic studies also required that outcomes be expressed in terms of sensitivity and specificity.  This criterion resulted in the exclusion of several studies where results were expressed only as receiver operating characteristic (ROC) curves.  Such outcomes are typically obtained when observers indicate their level of certainty about a diagnosis on a five-point scale.  The argument for using such an analytic approach is that asking the observer to state a level of certainty helps disassociate an observer’s degree of leniency from the implications of any given decision criterion, thus permitting diagnostic performance to be reflected independent of an observer’s perceived “cost” of an incorrect diagnosis.  Many studies that employ ROC analyses also report sensitivity and specificity outcomes for the combined levels of “reasonably certain” and “certain” that a lesion is present.  If these outcomes were reported, the study was included in the evidence table.  However, when it was necessary to estimate values for sensitivity and specificity outcomes directly from ROC curves because no data were reported in text or table, a study was excluded.


Finally, the team had originally set arbitrary limitations for caries prevalence and sample size, but with no objective support for those specifications.  Subsequently, the team found that 

15 percent of studies would be ineligible because they either did not report caries prevalence in the sample or had a prevalence over the maximum of 80 percent.  The team also found that the sample size exclusion criterion (less than 30) would exclude 10 percent of identified studies.  In light of the limited number of studies available when other inclusion and exclusion criteria were applied, the team decided to drop both of these exclusion criteria and include the studies.


Two sets of management inclusion and exclusion criteria were applied to the single set of studies identified in the management literature.  These two sets shared some common criteria.  Only in vivo studies were included; in vitro studies and in situ studies, where exogenous tooth tissue was placed in the oral environment, were excluded.  Studies without concurrent comparison groups (either nil, active, or placebo comparisons) were excluded.  The team kept only studies with interventions requiring professional provision (e.g., application, prescription, etc.) or with interventions unlikely to be undertaken without the recommendation of the dentist (e.g., daily OTC mouthrinses, gums, etc.).


The key inclusion criterion for noncavitated lesion studies involved the type of lesion examined.  The question addressed lesions for which there was some likelihood that remineralization treatment would be successful.  To identify studies that included only this type of lesion, the team originally established “noncavitated” as a definition for acceptable lesions in conjunction with the TEAG.  However, the term “noncavitated” was not in widespread use for much of the search period.  Thus, the inclusion criterion were broadened to include the terms “incipient” and “initial” lesions.  This decision permitted the inclusion of studies in which outcomes of interest had been reported in analyses stratified by caries status at baseline.


One other criterion for studies of noncavitated lesions deserves mention.  The unit of analysis was the individual carious lesion.  This is not the usual analytical unit in caries studies, which are typically analyzed and reported in terms of total decayed, missing, and filled (DMF) surfaces for a single subject.  However, when the reversal of individual lesions is at issue, an aggregated analytical unit that combines cavitated and noncavitated lesions and cannot distinguish multiple lesions on a single surface is unusable. 


For the review of studies involving caries-active individuals, the definition of subjects was the key inclusion criterion.  As noted earlier, no consensus exists on characteristics of either caries-active or at-risk individuals.  For this reason, and because the team realized that most of the extant studies would represent subgroup analyses of controlled trials rather than studies recruiting at-risk or caries-active subjects exclusively, the inclusion criteria were intentionally broad.  The team accepted designation of at-risk and caries-active individuals through any combination of caries experience and/or mutans streptococci concentrations.  The team did not specify cut points or limit the relative size of the risk group with that of the total sample.  The team did insist on individual identification of subjects, thus excluding studies where schools or communities were selected on the basis of mean caries experience, socioeconomic status, or other group-level predictors of caries activity or caries risk.


Criteria for outcomes of studies eligible for inclusion allowed a range of traditional measures of caries experience in primary and permanent teeth.  Again, studies were required to have concurrent comparison groups; but because some findings were expected to be subgroup analyses, minimum sample sizes were not established. 

Table 7.  Inclusion (I) and exclusion (E) criteria for caries diagnosis studies


(1)

 Diagnostic question




I
accuracy of the determination of the presence/absence of natural caries at defined levels




E
accuracy of measure of caries depth, volume, extent, etc. (exclude if only question addressed)




E
artificial caries achieved through demineralization or drilling


(2)

 Diagnostic method 




I
visual or visual and tactile inspection




I
film radiography with D- or E-speed film




I
digital radiography (charged coupled devices, storage phosphor screens)




I
fiberoptic transillumination (FOTI)




I
electrical conductance techniques (Vanguard, Caries Meter L, ECM, etc.) 




I
fluorescence/optical techniques if commercially available




E
methods using equipment not available commercially


(3)
  Validation technique




I
sectioning with visual inspection, microscopy, stereomicroscopy, or macroradiography




I
visual/tactile inspection of intact surface for cavitation only



E
visual or visual/tactile inspection for caries level other than cavitation




E
radiography or other nonhistologic technique for caries level other than cavitation


(4)

Sensitivity/specificity determination




I
reported or calculable from results presented




E
not determinable

Table 8.  Inclusion (I) and exclusion (E) criteria for noncavitated lesions studies


(1)
Study design




I 
in vivo studies




I
studies with concurrent comparison group (nil, placebo, or active)




I
studies with the lesion as the unit of analysis




E
in vitro, in situ studies




E
studies without concurrent comparison




E
studies without baseline determination of individual lesion status 


(2) 
Intervention




I
interventions requiring professional application and/or prescription




I
interventions likely to be undertaken only upon the recommendation of a dentist




E
fluoride dentifrice studies regardless of concentration, if only intervention/control component


(3)

Sample size



 
no exclusion criterion


(4) 
Outcome




I
outcome expressed or calculable as percent of lesions identified at baseline that progressed

Table 9.  Inclusion (I) and exclusion (E) criteria for studies of caries prevention in caries-active individuals


(1)
 Study design




I 
in vivo studies




I
studies with concurrent comparison group (nil, placebo, or active)




E
in vitro, in situ studies




E
studies without concurrent comparisons 


(2) “Caries active/high caries risk” (CA) designation




I
studies where CA status is designated at the level of the individual




I
studies where DS, DFS, DMFS, ds, dfs, or defs score is used for CA designation




I
studies where microbiological testing is the basis for CA designation




E
studies where CA is designated at a group, community, or population level




E
studies where CA is based solely on sociodemographic characteristics


(3)
 
Intervention




I
interventions requiring professional application and/or prescription




I
interventions likely to be undertaken only upon the recommendation of a dentist




E
fluoride dentifrice studies regardless of concentration, if only intervention/control component


(4)
  Sample size




no exclusion criterion



(5) 
Outcome





I
outcome expressed as change in DS, DFS, DFT, DMFS, DMFT, ds, dfs, dft, defs, or deft

D=decayed permanent tooth structure, F=filled permanent tooth structure, M=missing permanent tooth structure, S=permanent tooth surface, T=permanent tooth, d=decayed primary tooth structure, f=filled primary tooth structure, e=missing/indicated for extraction primary tooth structure, s=primary tooth surface, t=primary tooth.

Title, Abstract, and Paper Review


The RTI-UNC EPC team performed an initial survey of the titles of the identified papers from both searches and selected papers with titles that indicated some possibility that the study was relevant and would be eligible, i.e., would satisfy the inclusion criteria.  The surveys were done independently by both the clinical and research directors.  Titles indicated by either one were placed on the potentially eligible list. 


The team then surveyed the abstract or, if no abstract was available, the full paper to further refine the list of potentially eligible studies.  Again, this process was relatively inefficient; many full papers had to be photocopied because the searches had identified substantial numbers of studies from the 1970s and early 1980s, when abstracts were not routinely included in the MEDLINE database.  Again, the research and clinical directors worked independently, applying the full set of inclusion/exclusion criteria, with all disagreements resolved through discussion.  


When the abstract or full-paper survey indicated any likelihood that the paper would be eligible, the full paper was obtained if necessary and the inclusion/exclusion criteria reapplied to determine final eligibility.  Again, all disagreements between the research and clinical directors were discussed.  In addition, the paper was examined for citations to other, possibly eligible, studies that had not yet been identified.  Citations so identified were obtained and surveyed for eligibility, and if eligible, added to the pool of papers to be abstracted.  Finally, the team circulated a preliminary list of included articles to TEAG members for their comments and possible additions. 


Table 10 shows the numbers of papers remaining after each major step in this review process.  The final numbers of papers included in the reviews were 39 diagnostic studies and 27 prevention studies.  The dramatic reductions in numbers from the original searches were, as indicated, primarily because of a single inclusion criterion in each search.  For diagnostic methods, this criterion was histologic validation.  For the caries management questions, the key inclusion criterion was either the analysis of individual noncavitated lesions or of caries-active individuals, depending on the question being addressed.  Of the prevention studies, 5 addressed the noncavitated lesion question and 22 addressed the caries-active question.  In addition, as a part of the review process, the team separately identified six studies evaluating preventive methods in patients who had received radiotherapy for head and neck neoplasms, a special high-risk group, and seven studies evaluating preventive methods in patients with orthodontic bands or brackets, another special high-risk group.  Consultation with the TEAG indicated that these studies should be included in the review but not combined with the main group of studies because of substantial disparities in lesions and study methods. 

Table 10.  Search refinement results

Diagnosis
Management

Step
Search
Search

Database searches

  Initial MEDLINE search
1,328
1,435

  Initial EMBASE search (nonduplicates of MEDLINE)
79
43

  Total articles for review
1,407
1,478

Initial screening for inclusion

  Surviving title review
285
487

  Surviving title & abstract/paper review
50
34

Final review for inclusion

  Surviving final review (included)
39
27

Separate review for special populations

  Additional special population papers
13

1Twenty-two studies addressed preventive methods in high-risk populations, 5 studies addressed management of noncavitated lesions.

Data Abstraction
Data Extraction Forms and Reviewers


The scientific director and clinical director collaborated on the development of three data extraction forms for the diagnostic, noncavitated lesion, and caries-active individual questions.  

Draft versions of the forms, together with lists of evidence table columns linked to the extraction forms, were circulated to the TEAG for review and comment.  Final versions of the forms incorporated TEAG comments and necessary modifications that had been identified through pretesting.  Copies of the forms appear in Appendix D.  Based on experience with previous abstraction forms developed for other RTI-UNC EPC projects, the team included essential directions and criteria on the forms and also endeavored to collect little information beyond that planned for inclusion in the evidence tables.  All three forms included discrete sections addressing study design, subjects, examiners, caries criteria, intervention information, and results. 


Data extraction for the two management questions was performed by the scientific director as the sole reviewer.  In addition to extracting data, the reviewer also calculated the number needed-to-treat (NNT) statistic from the data reported in the study, where possible.  The clinical director subsequently reviewed the evidence tables, confirming entries directly with the published papers.  All disagreements were discussed and tables changed when indicated by the discussion.


Data extraction for each paper in the diagnosis review was completed by one of three reviewers (a pediatric dentistry resident, a dental epidemiology resident [a dentist], and a dental hygienist with a masters in education who specializes in dental radiology).  The reviewers were not blinded to journal, author(s), or institution.  The scientific director reviewed the completed extraction forms and subsequently verified evidence table entries against the published papers.  The three reviewers participated in a training session that used six of the included studies, and all also completed an extraction form for the same study toward the end of review period.

Quality Control, Adjudication, and Reliability

Quality control mechanisms for determining eligibility for abstraction have already been described.  All articles were reviewed by title by the scientific and clinical directors and disagreements settled by consensus.  Agreement on retention status for this process was 

96 percent for diagnosis articles and 97 percent for management articles.  At the next stage (abstract/full paper review), all articles were again reviewed by both directors, with disagreement again resolved by consensus.  An agreement rate was not calculated for this stage.  Finally, the pool of potentially eligible articles was again subjected to a final review by both directors, with disagreement arising on one diagnostic article (2 percent) and one management article 

(3 percent). 


Agreement among the three reviewers and the scientific director on descriptive data for the study abstracted by all reviewers was 100 percent for results (sensitivity and specificity for four different diagnostic methods) and 88 percent for study description items.  Agreement statistics for confirmation of evidence table entries by direct comparison with articles were not recorded. 

Quality Rating of Individual Articles

The team developed separate sets of quality rating items for the diagnostic and management articles.  The sets of items are unique, but most individual items are either modified from or taken directly from existing rating scales used by the RTI-UNC EPC.  In developing the quality rating item sets, the team was guided by the suggestions advanced by Lohr and Carey, QUOTE "32" 
32
 both investigators in the RTI-UNC EPC.  For the prevention questions, CONSORT criteria QUOTE "33" 
33
 figured prominently in the design; and for the diagnostic question, several items were included in response to issues examined in Lijmer, Mol, Heisterkamp, et al. QUOTE "34" 
34
 


The rating scales assess several elements of internal validity, including study design, duration, sample size, blinding, baseline assessments of differences among groups, loss to followup, and examiner reliability.  Two items also request the reviewer’s subjective assessment of both internal and external validity of the study.  The forms were pretested on small groups of studies, which resulted in some changes in wording.


The quality rating items and scoring are presented in Figures 2 and 3 for caries diagnosis and caries management articles, respectively.  A maximum of 20 points is possible on either form, with all raw scores rescaled to a 0 to 100 scale.  The same items were used for scoring both noncavitated lesion and caries-active individual studies, with one exception, as noted on the caries management scoring form.  Only in scoring the articles that appear in the accessory evidence tables, i.e., those addressing prevention of special types of lesions in special subjects, were some of the items not applicable to all studies.  In those instances, the item value was removed from both the numerator and denominator prior to calculating the quality score.  Quality scores for all articles included in the evidence tables were completed by the scientific director.  The scores were not used in inclusion/exclusion decisions.  Rather, they represented one of the considerations for grading the evidence available to answer each key question. 

Figure 2.  Quality rating form—caries diagnosis studies

Number of sites assessed:


3
150 or more


2
75-149


1
40-74


0
fewer than 40

Area assessed for any site:


1
Entire surface (occlusal, proximal, etc.)


0
Specific site on surface

Setting:


2
In vivo


0
In vitro

Tooth selection:


3
Both posterior and anterior teeth


2
Only posterior or only anterior teeth


1
Selected posterior or selected anterior teeth


0
Single tooth type (e.g., max. or mand. 3rd molar)

Validation method:


2
Light microscopy (stereo/mono) w/wo dye


1
Other visual or radiographic assessment of sectioned tooth


0
Assessment of unsectioned tooth

Validation criteria:


1
Criteria explicitly stated


0
Criteria not explicitly stated

Validation reliability:


1
Interevaluator or intraevaluator reliability reported


0
No validation reliability reported

Caries prevalence (calculate score for each lesion type evaluated):


2
Less than 20%


1
20-49%


0
50% or more

Number of test evaluators:


2
4 or more


1
2-3


0
1

Test reliability reported:


2
Interevaluator and intraevaluator reliability reported


1
Interevaluator reliability reported or intraevaluator reliability reported


0
No reliability reported

Criteria for caries call:


1
Specified prior to evaluation


0
Developed post hoc
Figure 3.  Quality rating form—caries management studies

Study type:


2
RCT


1
Other prospective design with control/comparison group


0
Uncontrolled or cross-sectional design

Duration:


3
5 years or more


2
2-4.9 years


1
1-1.9 years


0
Less than 1 year

Blinding:


2
Examiners and subjects


1
Examiners only


0
Subjects only or none

Baseline assessment of equality of treatment groups: 


1
Reported and adjusted if necessary


0
Not reported or unadjusted when differences reported

Previous and concurrent caries prevention exposures (other than intervention) described:


1
Yes


0
No

Sample size:


3
50 or more in smallest analysis group


2
20-49 in smallest analysis group


1
10-19 in smallest analysis group


0
<10 in smallest analysis group

Loss to follow-up per year:


1
Fewer than 15%


0
15% or greater or unreported

Analysis:


1
Intention to treat


0
Includes only those remaining at final exam

Reliability: 


2
Intrarater and interrater reliability reported and interrater reliability above 0.6 kappa, or 90%


1
Intrarater or interrater reliability only reported and above 0.6 kappa, or 90%


0
No rater reliability reported or reported level(s) below minimum

Active group (for Caries-Active Individual studies only):


1
Active group represents less than 50% of total sample/population from which it was selected 


0
Active group proportion >50% or unknown

Probing (for Noncavitated lesion studies only):


1
Criteria for lesion not dependent on probing


0
Probing used in lesion criteria

Subjective assessment of external validity:


1
Reasonably wide generalization possible


0
Applicability limited to very specific populations

Subjective assessment of internal validity


1
Reasonably “tight” methods and design

0
One or more concerns re measurement, selection, etc.

Grading the Evidence


For the diagnostic question, the strength of the evidence was judged in terms of the extent to which it offered a clear, unambiguous assessment of the validity of a particular method for identifying a specific type of lesion on a specific type of surface. The three possible ratings were:

· Good (A).  The number of studies is large, the quality of the studies is generally high, and the results of the studies represent narrow ranges of observed sensitivity and specificity.

· Fair (B).  There are at least three studies, the quality of the studies is at least average, and the results represent moderate ranges of observed sensitivity and specificity.

· Poor (C).  There are fewer than three studies, or the quality of the available studies is generally lower than average, and/or the results represent wide ranges of observed sensitivities and/or specificities. 


For purposes of this question, a narrow range is defined as no more than 0.15 on a scale of 0.00 to 1.00, a moderate range is no more than 0.35, and a wide range is more than 0.35.  High quality is defined as most study scores at or above 60; average quality is defined as most study scores at or above 45.


As in previous RTI-UNC EPC systematic reviews, we used a four-level grading scheme for judging the overall efficacy of each of the interventions reviewed in the two caries management reviews.  The scheme was based on four aspects of the situation as depicted in the evidence tables, the number of studies, the magnitude of the effects reported, the quality rating scores of the studies, and the consistency of the evidence across studies.  The scientific and clinical directors independently rated the evidence and developed an adjudicated final rating.  The four possible ratings were:

· Good (A).  Data are sufficient for evaluating efficacy.  The sample size is substantial, the data are consistent, and the findings indicate that the intervention is clearly superior to the placebo/usual care alternative.

· Fair (B).  Data are sufficient for evaluating efficacy.  The sample size is adequate, but the data show some inconsistencies in outcomes between intervention and placebo/usual care groups such that efficacy is not clearly established.

· Poor (C).  Data are sufficient for evaluating efficacy.  The sample size is sufficient, but the data show that the intervention is no more efficacious than placebo or usual care.

· Insufficient Evidence (I).  Data are insufficient for assessing the efficacy of the intervention, based on limited number of studies and/or poor methodology.

Because the majority of comparative studies included in the systematic reviews for the caries management questions are either randomized controlled trials (RCTs) or nonrandomized controlled trials (21/27), the term “efficacy” is used throughout the report. 

Development of the Evidence Tables


The intent in developing the evidence tables has been to make them as “user friendly” as possible.  The team has tried to limit what is included to only the most essential information for assessing the strength and the results of individual studies.  In particular, the team was concerned about the complexity inherent in the two tables reporting results of diagnostic methods because of the multiple issues that are assessed in the question.  These diagnosis tables could each conceivably address 105 separate clinical questions—the diagnosis of caries based on three different diagnostic thresholds (enamel caries, dentin caries, cavitation) for five different posterior sites (proximal and occlusal surfaces of primary and permanent teeth, root surfaces of permanent teeth) and two different anterior sites (primary and permanent proximal surfaces) using five basic methods (radiography, visual/tactile, visual, EC, and FOTI)—without even considering combinations of methods or sites.  Because diagnostic methods perform differently using different diagnostic thresholds on different surfaces and tooth types, all these possible combinations must be considered separately. 


Because the study conditions are so different, it is essential that in vivo and in vitro diagnostic studies be considered separately.  The team constructed two diagnosis tables:  one reporting in vivo studies, which reports the results of studies under 10 subheadings for combinations of threshold, site, and method; the other reporting in vitro studies, which has 24 such subheadings.  The entries in these tables were refined to ensure that the complexity was not increased unnecessarily by inclusion of extraneous information.  Both entries and studies were numbered in the diagnosis tables to make it clear that the number of studies represented is smaller than the number of entries in the table.


The evidence tables for the management questions are less complex, reporting results for only a few specific types of interventions.  Nevertheless, in keeping with the effort to present only essential information, attempts were made to streamline these tables as well, while still presenting information necessary for an informed evaluation of the strength of individual studies.  For the studies of management of caries-active individuals, the team constructed (a) a main table presenting results from the studies with samples representing the general population, and (b) separate tables for the highly focused studies of patients who had received radiation therapy for head and neck tumors and patients who had undergone orthodontic treatment.


The team attempted to make all of the evidence tables self-explanatory but found it necessary to abbreviate certain oft-repeated words and phrases.  A glossary of acronyms and abbreviations appears at the beginning of the evidence table section.  Footnotes were limited to a very few occasions where more complete explanation was necessary for unusual circumstances.  For convenience, each footnote appears on the page where it is cited. 

Peer Reviewer Process


The draft report was reviewed by a group of 17 scientists, methodologists, clinicians, and laypersons.  These peer reviewers were asked to identify factual inaccuracies and to comment on the team’s interpretations and recommendations.  All comments received from the reviewers were recorded and any changes made in the reports in response to the comments were documented.  Modifications represented consensus decisions of the scientific and clinical directors.  The selection process and names of the peer reviewers are shown in Appendix C.
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