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A review of the literature used as the foundation for the research reported in this paper 

which appeared in the June 2010 issue of the Journal of the American Dental 

Association.  Because of space considerations, the literature review was not published as 

part of the JADA manuscript. 

 

The probability that a diagnostic test is positive when a patient has the condition in 

question is not necessarily the same as the probability that the same patient has the 

condition if the test is positive. The first is a principal concern of the research community 

and those who develop tests; the latter is the primary concern of practitioners. 

 The probability that patients will test positive when they have a condition (test 

sensitivity) is a useful piece of diagnostic information, but taken alone it is insufficient. In 

order to make the test information useful, it is also necessary to have some estimate of the 

likelihood that any patient from the population of concern will test positive on the 

diagnostic assays used and the prevalence of the condition in the population. Rare 

conditions and conditions that trigger false positive readings can reduce the confidence in 

a diagnosis even in the face of a positive test result using a sensitive instrument. 

 The correct methods for combining data to form a diagnosis are known and 

discussed in the literature 1-3 and formally taught in some medical schools. 4 Research on 

diagnostic decision making finds large variability among physicians given a common set 

of information 5-7 and physicians’ estimates are often inaccurate when compared to fully 



informed estimates. 4, 8-9 The paper by Steurer and colleagues 10 is typical: Although 76% 

of Swiss physicians were able to select the correct definition of test sensitivity in a 

multiple choice test, only 22% were able to use available information from a patient 

vignette about endometrial cancer to correctly estimate the likelihood of a patient having 

the tested condition. The imprecision was not subtle, as answers were chosen from the 

broad categories of 25%, 50%, or 100%. Ebell 11 reported that physicians have no better 

than chance probability of predicting success of in-hospital CPR resuscitation. 

 The diagnostic problem is to appropriately combine all of the relevant information 

concerning a patient to accurately predict the probability the patient has the condition in 

question. The literature has identified three general areas of difficulty in performing this 

task: (a) difficulty understanding the evidence provided by tests, (b) underuse of baseline 

information about the patient, and (c) inappropriate integration of the available data. 

 Test sensitivity is the probability that an assay will identify a condition when it 

exists. Visual inspection (or the opportunity for inspection) by practitioners has been 

criticized as lacking sensitive for detection of periodontal conditions or oral cancer 

because a meaningful proportion of cases remain undetected. There are three tests in use 

by orthodontists as objective measures of malocclusion. PAR is least sensitive 

(orthodontists would treat a number of cases this test does not classify as malocclusions); 

the Index of Treatment Needs is more sensitive (indicating more cases for treatment), and 

the ABO Discrepancy Index is the most sensitive. Sox and colleagues 12 reported that 

physicians have very little knowledge of sensitivity characteristics of the tests they 

routinely order, despite the fact that such data should be available in the literature and, by 

law, in manufacturers’ FDA filings, which are available online. 



 Test sensitivity can be artificially exaggerated by manipulating threshold 

standards. A dentist who refers all patients with pocket depth reading above 3 to a 

specialist will have almost 100% sensitivity (nearly every case of periodontal disease will 

be referred). The problem with changing the threshold of a test to make it more sensitive 

is the resulting increase in false positives. Reliance on over-sensitive tests leads to 

overtreatment. As the likelihood of false positive test results increases, the diagnostic 

usefulness of the evidence diminishes.  

 Both the estimates of sensitivity and estimates of false positive results are relevant 

for making accurate diagnoses. Together they are referred to in the literature as “test 

characteristics.” Sox and colleagues 12 reported that physicians are both generally 

unaware of test characteristics used as part of diagnosis and, when such information is 

provided, physicians fail to integrate it into decisions to the extent warranted. Redelmeier 

and Shafir 13 reported that irrelevant characteristics such as test distinctiveness, salience, 

or apparent precision tended to increase the role played by tests independent of the 

diagnostic usefulness of the information they provide. This effect has been generally 

studied by psychologists. 14-15 

 The most widely studied explanation for poor diagnostic accuracy is 

professionals’ failure to give proper weight to baseline information. The medical 

literature calls such information “pre-test probabilities”; Bayesian statisticians use the 

term “prior probabilities”; in this paper, the term “baseline information” is typically used. 

The idea is that practitioners already know important information about patients, based 

on other conditions in their mouths, their medical history, and demographic 

characteristics. All patients come with particular, personal information that interacts with 



test evidence. In some cases, baseline data may be more powerful predictors of a disease 

condition than is test sensitivity: among children put to bed with a bottle containing soda 

the caries rate is likely to be higher than among teeth at random tested with laser caries 

detection devices. 

 In a typical research study on diagnostic ability, healthcare professionals are given 

both baseline and test probabilities and asked to combine them to reach a diagnostic 

probability. The Lyman and Balducci studies 6-7 are typical of this model where 

healthcare professionals are reasonably accurate in interpreting positive or negative test 

results for diseases that are common in a population but significantly overestimate the 

likelihood of rare diseases because they fail to take the baseline into account. Morise 8 

reported similar findings with regard to diagnosing coronary disease from exercise ECGs, 

as does a study of Japanese medical students undervaluing pre-test data in three vignettes 

concerning anginal pain. 4 

One strand of this research locates undervaluing of baseline information in the 

fact that healthcare professionals have inaccurate estimates of baseline probabilities of 

various conditions to begin with. Phelps and Levitt 16 for example found that midlevel 

practitioners estimated the pre-test probability of emergency department disorders on a 

0.0 to 1.0 scale and found CI95-values ranging from .37 to .81 (covering more than 40% 

of the available scale). Attia and colleagues 17 found that, among physicians in Australia 

and the UK, 9 in 20 respondents were more than 20% too high or 20% too low in 

estimates of baseline risk for ischemic heart disease or stroke. 

 The third general approach to understanding poor estimates of diagnostic 

probability locates the problem in the cognitive complexity required to properly integrate 



both baseline and evidential information. The Bayesian solution to this problem is indeed 

challenging (see side bar). A number of researchers have narrowed the problem by 

providing healthcare professionals with all relevant information about test characteristics 

and pre-test probabilities; such study designs remove the issues of error in estimating 

baseline or test information. These studies all show the same pattern of undervaluing the 

baseline, even when useable baseline data are provided, 9-10, 12, 18-19 and even when 

professionals have been instructed on the correct Bayesian method for calculating 

diagnostic probabilities. 4 

 Although there have been no studies of dentists reported in the literature, the same 

picture of imprecise estimates of diagnostic probability appears to characterize all the 

specialty areas in medicine investigated to date. There is some support for the belief that 

physicians with greater experience are either more accurate in estimating baseline or at 

least less likely to call for additional tests based on baseline information 20-21 (but see 

Cahan 22 for a contrary finding). It is possible that novices lack the experience to place 

baseline information in context. 

 Based on the literature regarding accuracy of diagnostic probability estimates 

given baseline and test evidence, the following hypotheses were generated for testing 

among dental students and clinical faculty members using vignette simulations of a 

clinical case: 

1. There will be a wide range of estimated diagnostic probabilities even 

when common baseline and test evidence information is given. 

2. The direction of inaccuracy in diagnostic probability will place too much 

weight on test evidence in comparison to baseline data. 



3. Experienced practitioners will be less subject to undervaluing baseline 

patient characteristics when estimating diagnostic probabilities than will 

novices. 
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