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Abstract

Objectives—To (1) identify the methods that dentists in The Dental Practice-Based Research
Network (DPBRN) use to diagnose dental caries; (2) quantify their frequency of use; and (3) test
the hypothesis that certain dentist and dental practice characteristics are significantly associated
with their use.

Methods—A questionnaire about methods used for caries diagnosis was sent to DPBRN dentists
who reported doing at least some restorative dentistry; 522 dentists participated. Questions
included use of dental radiographs, dental explorer, laser fluorescence, air-drying, fiber optic
devices, and magnification, as used when diagnosing primary, secondary/recurrent, or non-specific
caries lesions. Variations on the frequency of their use were tested using multivariate analysis and
Bonferroni tests.

Results—Overall, the dental explorer was the instrument most commonly used to detect primary
occlusal caries as well as to detect caries at the margins of existing restorations. In contrast, laser
fluorescence was rarely used to help diagnose occlusal primary caries. For proximal caries,
radiographs were used to help diagnose 75-100% of lesions by 96% of the DPBRN dentists.
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Dentists who use radiographs most often to assess proximal surfaces of posterior teeth, were
significantly more likely to also report providing a higher percentage of patients with
individualized caries prevention (p = .040) and seeing a higher percentage of pediatric patients (p
=.001).

Conclusion—Use of specific diagnostic methods varied substantially. The dental explorer and
radiographs are still the most commonly used diagnostic methods.

INTRODUCTION

Research has shown that significant inconsistencies exist in the diagnosis of caries.l 2 These
inconsistencies are partly related to the marked variation among dentists when diagnosing
dental caries, as well as the lack of sensitive and specific methods to detect and quantify
carious lesions.3 Previous reports indicate sensitivity values ranging from 0.77 to 1.00, and
specificity values ranging from 0.45 to 0.93.4

Inaccurate diagnosis will result in either overtreatment, with placement of unnecessary
restorations, or under-treatment, which will potentially miss the benefit of non-invasive
types of treatment at an earlier stage of caries development.! Either circumstance will
directly or indirectly impact patients' oral health status and short- and long-term cost of care.
Identifying the methods being used for caries diagnosis and the factors associated with their
use is important to understanding the current status of caries diagnosis in hon-academic
daily clinical practice. This information should be invaluable to develop consistent criteria
for caries diagnosis and to target dentists who could enhance their diagnostic accuracy.

The Dental Practice-Based Research Network (DPBRN) has a valuable mixture of dental
practices with diverse treatment philosophies, dental care reimbursement models, and
patient populations that presents an advantageous opportunity to investigate variation in how
dentists diagnose dental caries. Dentists in DPBRN have much in common with dentists at
large®, while simultaneously offering substantial diversity in the characteristics of its
dentists, their practices, and their patients.® DPBRN mainly comprises dentist practtitioenr-
investigators from five regions: AL/MS: Alabama/Mississippi; FL/GA: Florida/Georgia;
MN: dentists employed by HealthPartners and private practitioners in Minnesota; PDA:
Permanente Dental Associates in cooperation with Kaiser Permanente Center for Health
Research in Oregon and Washington; and SK: Denmark, Norway, and Sweden.” The
purpose of this study was to investigate the methods that DPBRN dentists use to diagnose
dental caries. The specific aims were to: (1) identify the methods that dentists in DPBRN
use to diagnosis dental caries; (2) quantify their frequency of use; and (3) test the hypothesis
that certain dentist and dental practice characteristics are significantly associated with their
use.

MATERIALS AND METHODS

This study queried dentists participating in DPBRN, which comprises outpatient dental
practices that have affiliated to investigate research questions and to share experiences and
expertise (n=1,166). Participants in DPBRN were recruited through mass mailings to
licensed dentists from the participating regions. As part of enroliment in DPBRN, all
practitioner-investigators completed an Enrollment Questionnaire about their practice
characteristics and themselves. An “Assessment of Caries Diagnosis and Caries Treatment”
(“Caries Questionnaire™) questionnaire was sent to DPBRN dentists who reported on the
Enrollment Questionnaire that they do at least some restorative dentistry (n=901). A pilot
study documented comprehension and item test-retest reliability across 15 days using a
sample of 35 network dentists. All items in the final version met a test-retest reliability
cutoff of kappa > 0.7. Practitioner-investigators were asked to return the questionnaire
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within three weeks. A reminder letter was sent after the third week if the questionnaire had
not been returned. After an additional three weeks, a second reminder was sent. Both of
these questionnaires are available at
http://www.dpbrn.org/users/publications/Supplement.aspx.

The Caries Questionnaire contained clinical photographs and had a range of questions,
including caries-related diagnostic and clinical decision-making processes, caries risk
assessment, and use of prevention techniques. Five hundred thirty-two participating DPBRN
dentists returned the questionnaire, which represents an overall return rate of 59%. There
were no participation differences by gender, area of specialty, or years since dental school
graduation. Ten surveys were completed by dentists whose practices were outside the
designated regions and were not included in this study; therefore we reported data from 522
dentists.

Table 1 presents the wording for the series of questions about the methods used to diagnose
dental caries. Questions specifically investigated the use of radiographs for proximal and
occlusal lesions; dental explorer for the detection of primary occlusal caries and secondary/
recurrent caries at the margins of existing restorations; air-drying for primary caries on
unspecified locations; laser fluorescence for primary caries on occlusal surfaces and fiber
optic transillumination for proximal lesions in anterior teeth. Additionally, when responses
to the use of air-drying were positive, respondents were prompted to report on the length of
time used for the air-drying procedure. The response choices were 0 percent, 1-24 percent,
25-49 percent, 50-74 percent, 75-99 percent, 100 percent.

Statistical analyses

The percentages for each caries diagnostic method were coded to the categories' median to
maintain the interval nature of the data so that parametric statistics could be used: 0%=0%,
1-24%=12.5%, 25-49%=37%, 50-74%=62%, 75-99%=87%, 100%=100%. Descriptive
statistics for each of the diagnostic methods were calculated.

The general linear model was used to test for differences across DPBRN region on the use
of each diagnostic method. Other practice characteristics tested as independent variables in
each model were type of practice, dentist gender, percentage of pediatric patients, years
since dental school graduation, whether caries risk was assessed, percentage of patients who
received individualized caries prevention, and percentage of patient contact time spent
performing non-implant restorative procedures. “Type of practice” was categorized for each
dentist as being in either: (1) a solo or small group private practice (SGP); (2) a large group
practice (LGP); or (3) a public health practice (PHP). “Small” practices were defined as
those that had 3 or fewer dentists. Public health practices were defined as those that receive
the majority of their funding from public sources.

Other dichotomous variables were coded as follows: dentist gender, male=0 and female = 1;
performing caries risk assessment =0 and not performing caries risk assessment = 1.
Multivariate pair-wise comparisons using a Bonferroni correction were used to interpret
region differences. Observations for some dentists may lack independence because some
network dentists practice within the same office and this may influence their responses or
practice patterns. However, data that could account for this possibility were not available for
the statistical analysis
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Table 2 shows the distribution of practice characteristics for the participating dental offices.
Table 3 summarizes the frequency of use of the diagnostic methods. Table 4 shows the
parameter estimates for practice characteristics associated with the frequency of use of each
diagnostic method (p<0.1).

Practice Characteristics and Use of Diagnhostic Tools

Radiographs

Proximal surface of a posterior tooth: Dentists who provide a higher percentage of
patients with individualized caries prevention (p =0.040) and who see a higher percentage of
pediatric patients (p = 0.001) would use radiographs to assess proximal surfaces of posterior
teeth on a greater percentage of patients. There was also a trend for a positive association
between number of years since dental school graduation and greater use of radiographs to
assess proximal surfaces of posterior teeth (p = 0.068) (Table 4).

Dentists in the AL/MS (93%), FL/GA (95%), MN (88%), and PDA (95%) regions would
use radiographs to assess proximal surfaces of posterior teeth on a significantly greater
percentage of patients than dentists in the SK region (76%, all at p < 0.001). Dentists in the
FL/GA (p = 0.050) and PDA (p = 0.028) regions also would use radiographs to assess
proximal surfaces of posterior teeth more often than dentists from the MN region would.

Occlusal surface: None of the practice variables were significant predictors of using
radiographs to assess occlusal caries (Table 4). However, regional differences were found in
which dentists in the FL/GA (63%, p = 0.033) and PDA (69%, p = 0.013) regions would use
radiographs to assess proximal surfaces of posterior teeth on a significantly greater
percentage of their patients than dentists in the SK region would (45%).

Use of explorers

Occlusal surface: Dentists in a SGP practice model (90% vs. 80%, p = 0.018) and those
who perform caries risk assessment (94% vs. 87%, p = 0.04) use the explorer on occlusal
lesions on a greater percentage of patients than dentists using a non-SGP practice model or
do not use caries risk assessment.

Dentists in the AL/MS (93%), FL/GA (89%), and PDA (91%) regions would use the
explorer on occlusal surfaces significantly more often on patients than dentists in the SK
region (69%), p < 0.001. Dentists in the AL/MS (p < 0.001), FL/GA (p = 0.015), and PDA
(p < 0.001) regions would use the explorer on occlusal surfaces significantly more often than
dentists in the MN region (88%).

Margin of an existing restoration: There was a trend for dentists in a SGP practice model
(92% vs. 87%) and those who do not perform caries risk assessment (94% vs. 87%) to use
the explorer on the margin of an existing restoration on a greater percentage of their patients
than their respective comparison groups (both at p =0.07). Dentists in the AL/MS (93%, p
=0.031) region would use the explorer on the margin of an existing restoration significantly
more often than dentists from the SK region (84%).

Other methods (Table 4)—Laser fluorescence on occlusal surfaces was used most often
by dentists who spend the highest percentage of their patient care time doing restorative
procedures (p < 0.001). There was a trend for dentists with the least number of years since
dental school graduation (p = 0.088) to use laser fluorescence more often than dentists with
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longer tenure. Dentists in the FL/GA (13%, p=0.025) region use laser fluorescence
significantly more often than dentists in the AL/MS region (6%).

There was a positive association between the percentage of patients who receive
individualized caries prevention and the use of air drying to help detect a carious lesion (<
0.001). Dentists in the PDA (60%) region would be less likely to use air drying when
diagnosing a caries lesion than dentists in the SK region (84%, p = 0.004). Time of air
drying presented no significant associations.

There was a positive association between the percentage of patients who receive
individualized caries prevention and the use of fiber optic transillumination on proximal
lesions (p< 0.001), with no significant regional differences.

Male dentists (61% vs. 40% for females) and practices with a lower percentage of pediatric
patients (p < 0.001) were more likely to use magnification when examining a carious lesion.
Dentists in the FL/GA (79%, p = 0.009), MN (73%, p = 0.001) and PDA (67%, p = 0.004)
regions use magnification for caries detection more often than dentists from the SK region
(31%). Dentists in the FL/GA (p < 0.001) and MN (p = 0.013) regions also use
magnification more often than dentists in the AL/MS region (49%).

DISCUSSION

The accurate diagnosis of the presence of disease is paramount for appropriate care. Even
though several methods have been described for the diagnosis of dental caries, no consistent
criteria are available.8 The diagnosis of occlusal caries is highly subjective, with
considerable variation in the ability and experience among clinicians to appropriately
diagnose and treat occlusal caries.910 Reviews of the literature point to methodological
difficulties in drawing valid comparisons between studies due to incompatible criteria and
simulations.11:12 |t has also been concluded that no caries diagnostic method fulfills all of
the ideal criteria for accurate measurements needed to plan appropriate care.11-13

In the current study, dentists would use the dental explorer, a tactile tool, as the main
instrument for the detection of occlusal and recurrent dental caries. The low specificity
(approximately 40 percent) reported for this diagnostic tool when used as the only diagnostic
method is of concern.14-19 Dentists tend to over-diagnose caries if a sharp instrument is used
and sticks in any deep pit and fissure without the true evidence of caries. A “sticking” probe
is not necessarily indicative of decay and may be entirely due to local anatomic features.
Additionally, applying pressure with a sharp explorer has been called into question,
particularly in Europe and Scandinavia, because of documented damage to surface integrity
and possible implantation of organisms, both of which may increase lesion susceptibility.20:
21 Although this last issue is somewhat contentious, the evidence suggests that an explorer
should be used lightly or not at all on occlusal surfaces. As shown in this study some
dentists from the SK region not use dental explorer at all for the detection of occlusal dental
caries.

The use of magnification to assist visual examination was consistently used by almost half
of the dentists in the study in the United States regions. The visual examination for
evaluating carious lesions has been described and, in certain studies, results have been
validated in vitro by sectioning the teeth after the lesions had been visually scored??; the
histological features are considered as the ‘gold standard’.23 The visual method for
evaluation of dental caries has low sensitivity and high specificity in diagnosing occlusal
caries.24-26 Conversely some dentists from the SK region do not use magnification at all for
dental caries detection.
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This study did not address the issue of whether an individual dentist reported using more
than one method to assess caries diagnosis. It is possible that the same individuals who
reported that they would use the explorer in 100% of the cases could also always use
magnification, and vice-versa. We did explore whether certain pairs of diagnostic techniques
were more often used by certain dentists than others. However, when we calculated
correlations between the frequencies of use for each of the caries diagnostic techniques, the
correlations were small, ranging from r = 0.15 for radiographs and explorer on occlusal
lesion, to occlusal explorer and magnification r = 0.02. Apart from numerous possible
combinations of the data, some studies reported on the use of combined methods to improve
the accuracy of the diagnostic of caries. This approach also seems to be a matter of
controversy. While the combination of three methods (e.g., visual examination, radiographic
examination, and laser fluorescence) has been reported to improve accuracy and provide the
best treatment plan for occlusal surfaces?’, others have indicated that a combination of
diagnostic methods (ca. bitewing radiographs, electric conductance, quantitative light
fluorescence, and DIAGNOdent) only slightly improved the correct diagnosis when
compared to visual examination alone. Of more concern was the fact that the combined
methods resulted in decreased specificity, thus leading examiners to elect more invasive
treatments. 28

The use of radiographs for caries detection has a long history, and it is still a widely used
diagnostic method.13: 29 In the current study, radiographs have been consistently and widely
used for the diagnosis of proximal dental caries and less often for the diagnosis of occlusal
dental caries. It is accepted that occlusal lesions are initiated on the fissure walls and can
therefore be obscured by sound superficial tissue.3 This seems to be a known concept
among the respondents and it may explain the tendency for a lower frequency of use of
radiographs as a diagnostic method for occlusal caries. Dental radiographs have been
reported to be inadequate for detecting caries in the occlusal surface until the lesion is well
advanced through the enamel and into the dentin.30 False positives can also occur with
radiographic diagnosis, and specificities of 66% to 98% have been recorded in vitro.31:32
However, studies have reported high sensitivity values for radiographs when diagnosing
proximal dental caries.14 33-37 More importantly, radiographs can be a reliable way to
monitor the remineralization process of proximal dental caries if fluoride therapy or other
remineralization treatment is being used. Our study has shown that 96% of the respondents
would use radiographs for diagnosis of proximal lesions in more than 75% of the cases.
With the exception of SK, the use of radiographs was reported to be used in more than 75%
of the cases by the vast majority (>90%) of all respondents from US regions. This study did
not investigate all diagnostic methods available for detection of proximal lesions in posterior
teeth and, therefore, it is unclear whether respondents make use of other diagnostic methods
in those cases. Improved methods for the diagnosis of proximal lesions have been reported
with the use of tooth separation and impression techniques.38:39 These methods accurately
identify the presence of cavitation on the surface and thus allow for a more accurate decision
regarding treatment.

Fiber-optic transillumination (FOTI) has been evaluated in a number of studies for detection
of posterior proximal caries lesions reporting low to good sensitivity and good specificity.3>:
40-43 One in vitro study suggested that a combination of FOTI and visual examination is
valid for determination of occlusal lesion depth.#* As the buccal-lingual distance of anterior
teeth is, in general, smaller than in posterior teeth, clinicians may rely more on visual
inspection for the examination in this area. This may explain the low frequency of use of
FOTI found in our study. Yet, 10% reported on using it in more than 50% of the cases.

Even though advances in technology have made available other assisting diagnostic
methods, such as FOTI and DIAGNOdent, the study shows that dentists participating in the
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DPBRN do not frequently use these methods. Various levels of sensitivity have been
reported for DIAGNOdent3* 45-50 and FOTI144: 51-53 for the diagnosis of occlusal and
proximal dental caries. The strength of the evidence however, is low as the available
literature is insufficient to support generalizable estimates of the sensitivity and specificity
studies of these diagnostic methods. Again, there was no attempt to investigate whether
clinicians are using FOTI and Diagnodent as a secondary method in combination with the
more traditional methods. From the lower frequencies reported, we speculate that this is the
case.

Caries lesions occur in a variety of anatomic locations and have unique aspects of
configuration and rate of progression. These differences make it unlikely that a single
diagnostic method will have the adequate sensitivity and specificity to detect caries at all
sites. Reports in the literature have concluded that conventional visual, tactile, and
radiographic examinations used as individual diagnostic methods provide less than ideal
diagnostic sensitivity.14-17, 54

Many of the Alabama dentists were part of pre-existing dental network that was not formed
specifically for the DBPRN and this may partially explain the participation rates in this
study. Additionally, the study sample is not a random sample of general dentists in the
United States. Consequently, the extent to which these findings generalize to this population
cannot be stated with certainty. Based on comparisons to dentists who responded to the 2004
ADA Survey of Dental Practice, DPBRN dentists have much in common with dentists at
large.5™® The only key characteristic with a statistically significant difference seems to be
that DPBRN dentists tend to have a more-recent year of graduation from dental school than
dentists at large. DPBRN dentists certainly represent a substantial diversity with regard to
practice settings, patient populations, rural-urban area of residence, and geographic
locations.

Substantial differences exist among dentists regarding the clinical decision-making process,
which is in part due to the lack of sensitivity and specificity provided by some caries
diagnostic methods. Variation of the diagnostic methods among the different DPBRN
regions is probably related to the type of participating practices. AL/MS and FL/GA
participants are generally solo practitioners in fee-for-service, self-pay, or private insurance-
based practices. PDA and MN comprise dentists working in large group practices, SK
practitioners are mostly in public health practices, and the MN region mainly comprises
large group practices with a few solo private practice practitioners. Since public health
practices and some large group practices employ the practitioners, it may be that these
organizations are able to use standardized training and diagnostic tools. HP Dental Group,
for example, has its own guideline for caries risk assessment, called “caries guideline”
which has specific instructions on assessment of caries risk and protocols for radiographic
and clinical diagnosis of dental caries. In fact, MN and SK were the regions reporting the
least percentage of clinicians using explorer in all cases. These are the regions more aligned
with the current scientific evidence on the validity of using an explorer to detect occlusal
caries.

An International Consensus Report, 20 years ago, concluded that “research emphasis should
be placed on the development of improved and standardized methods for caries diagnosis”.
54 Today's status of caries diagnosis in dental private offices still calls for evidence-based
and standardized protocols. Unfortunately, the status of caries diagnosis has not changed
significantly during the past several decades. A systemic review completed recently
corroborates this conclusion (Ewoldsen and Koka, 2010). Without proper protocol and
consistent criteria for caries diagnosis, the cost of dental treatment could be significantly
affected (Shugars and Bader, 1996). Establishing accurate methods and criteria for caries
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diagnosis is fundamental to determining normative treatment needs, to reduce dental over-
treatment (Bader and Shugars, 1992) and consequently reduce the cost of care.

CONCLUSIONS

There is considerable variation in the methods used for diagnosing caries across the DPBRN
regions.

1. AL/MS reported the highest frequency of use of dental explorer in 100% of the
cases and MN the lowest.

2. Use of radiographs to diagnose proximal caries for all patients ranged from 63% in
FL/GA to 21% in SK. Dentists who provide a higher percentage of patients with
individualized caries prevention and who see a higher percentage of pediatric
patients are more likely to use radiographs to assess proximal surfaces of posterior
teeth.

3. Laser fluorescence on occlusal surfaces was used most often by practices that
perform the highest percentage of restorative procedures. There was a trend for
dentists with the least number of years since dental school graduation to use laser
fluorescence more often than dentists with longer tenure.

Overall, the dental explorer and radiographs are still the main diagnostic methods for the
diagnosis of dental caries.

Acknowledgments

This investigation was supported by NIH-NIDCR grants DE-16746 and DE-16747. Opinions and assertions
contained herein are those of the authors and are not to be construed as necessarily representing the views of the
respective organizations or the National Institutes of Health.

REFERENCES

1. Pine CM, ten Bosch JJ. Dynamics of and diagnostic methods for detecting small carious lesions.
Caries Research. 1996; 30(6):381-388. [PubMed: 8946093]

2. Bader JD, Shugars DA, Bonito AJ. A systematic review of the performance of methods for
identifying carious lesions. Journal of Public Health Dentistry. 2002; 62(4):201-13. [PubMed:
12474624]

3. Tranaus S, Shi X-Q, Angmar-Mansson B. Caries risk assessment: Methods available to clinicians
for caries detection. Community Dentistry and Oral Epidemiology. 2005; 33:265-273. [PubMed:
16008633]

4. Espelid I, Tveit AB, Fjelltveit A. Variations among dentists in radiographic detection of occlusal
caries. Caries Research. 1994; 28:169-175. [PubMed: 8033190]

5. Makhija SK, Gilbert GH, Rindal DB, Benjamin PL, Richman JS, Pihlstrom DJ, for the DPBRN
Collaborative Group. Dentists in practice-based research networks have much in common with
dentists at large: evidence from The Dental Practice-Based Research Network. General Dentistry.
2009; 57:270-275. [PubMed: 19819818]

6. Makhija SK, Gilbert GH, Rindal DB, Benjamin PL, Richman JS, Pihlstrom DJ, Qvist V, for the
DPBRN Collaborative Group. Practices participating in a dental PBRN have substantial and
advantageous diversity even though as a group they have much in common with dentists at large.
BioMed Central Oral Health. 2009; 15:9-26.

7. Gilbert GH, Williams OD, Rindal DB, Pihlstrom DJ, Benjamin PL, Wallace MC, DPBRN
Collaborative Group. The creation and development of the dental practice-based research network.
Journal of the American Dental Association. 2008; 139(1):74-81. [PubMed: 18167389]

Oper Dent. Author manuscript; available in PMC 2012 March 24.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gordan et al.

Page 9

8. National Institutes of Health. Office of Medical Application of Research. Consensus Development
Conference Statement: Diagnosis and Management of Dental Caries Throughout Life. 2001. March
26-28, 2001. from: http://odp.od.nih.gov/consensus/cons/115/115_intro.htm

9. Bader JD, Brown JP. Dilemmas in caries diagnosis. Journal of the American Dental Association.
1993; 124:48-50. [PubMed: 8505450]

10. Swenson E, Hennessy B. Detection of occlusal carious lesions: an in vitro comparison of clinicians
diagnostic abilities at varying levels of experience. General Dentistry. 2009; 51:60-66. [PubMed:
19146144]

11. Bader J, Shugars D, Bonito A. Systematic reviews of selected dental caries diagnostic and
management methods. Journal of Dental Education. 2001; 65:960-968. [PubMed: 11699997]

12. Stookey GK, Gonzalez-Cabezas C. Emerging methods of caries diagnosis. Journal of Dental
Education. 2001; 65:1001-1006. [PubMed: 11699969]

13. Van Rijkom HM, Verdonschot EH. Factors envolved in validity measurements of diagnostic tests
for approximal caries-a meta-analysis. Caries Research. 1995; 29:364—370. [PubMed: 8521438]

14. Chong MJ, Seow WK, Purdie DM, Cheng E, Wan V. Visual-tactile examination compared with
conventional radiography, digital-radiography, and DIAGNOdent in the diagnosis of occlusal
occult caries in extracted premolars. Pediatric Dental Journal. 2003; 25:341-349.

15. Jahangiri L, Wahlers C, Hittelman E, Matheson P. Assessment of sensitivity and specificity of
clinical evaluation of cast restoration marginal accuracy compared to stereomicroscopy. Journal of
Prosthetic Dentistry. 2005; 93:138-142. [PubMed: 15674223]

16. Lussi A. Validity of diagnostic and treatment decisions of fissure caries. Caries Research. 1991;
25:296-303. [PubMed: 1913769]

17. Thompson NJ, Boyer EM. Validity of oral health screening in field conditions: pilot study. Journal
of Dental Hygiene. 2006; 80:9. [PubMed: 16734994]

18. Verdonschot EH, Bronkhorst EM, Burgersdijk RC, Konig KG, Schaeken MJ, Truin GJ.
Performance of some diagnostic systems in examinations for small occlusal carious lesions. Caries
Research. 1992; 26:59-64. [PubMed: 1568239]

19. Ricketts D, Kidds E, Weerheijm K, de Soet H. Hidden caries: what is it? Does it exist? Does it
matter? International Dental Journal. 1997; 47:259-265. [PubMed: 9448806]

20. Ekstrand KR, Qvist V, Thylstrup A. Light microscope study of the effect of probing in occlusal
surfaces. Caries Research. 1987; 21:368-374. [PubMed: 3475183]

21. van Dorp CS, Exterkate RA, ten cate JM. The effect of dental probing on subsequent enamel
demineralization. American Society of Dentistry for Children. Journal of Dentistry for Children.
1988; 55:343-347. [PubMed: 3170872]

22. Ekstrand KR, Ricketts DN, Kidd EA. Reproducibility and accuracy of three methods for
assessment of demineralization depth of the occlusal surface: an in vitro examination. Caries
Research. 1997; 31:224-231. [PubMed: 9165195]

23. Machiulskiene V, Nyvad B, Baelum V. Prevalence and severity of dental caries in 12-year-old
children in Kaunas,Lithuania. Caries Research. 1998; 32:175-180. [PubMed: 9577982]

24. Le YL, Verdonschot EH. Performance of diagnostic systems in occlusal caries detection compared.
Community Dentistry and Oral Epidemiology. 1994; 22:187-191. [PubMed: 8070247]

25. Kidd EAM, Ricketss DNJ, Pitts NB. Occlusal caries diagnosis: a changing challenge for clinicians
and epidemiologists. Journal of Dentistry. 1993; 21:323-331. [PubMed: 8258581]

26. Wenzel A, Larsen MJ, Fejerskov O. Detection of occlusal caries without cavitation by visual
inspection, film radiograph, xeroradiographs, and digitized radiographs. Caries Research. 1991;
25:365-371. [PubMed: 1747887]

27. Valera FB, Pessan JP, Valera RC, Mondelli J, Percinoto C. Comparison of visual inspection,
radiographic examination, laser fluorescence and their combinations on the treatment decisions for
occlusal surfaces. American Journal of Dentistry. 2008; 21:25-29. [PubMed: 18435372]

28. Pereira AC, Eggertsson H, Martinez-Mier EA, Mialhe FL, Eckert GJ, Zero DT. Validity of caries
detection on occlusal surfaces and treatment decisions based on results from multiple caries-
detection methods. European Journal of Oral Sciences. 2009; 117:51-57. [PubMed: 19196318]

29. Pitts NB, Stamm JW. Proceedings from the international consensus workshop on caries clinical
trials. Journal of Dental Research. 2004; 83(Special Issue C):125-128.

Oper Dent. Author manuscript; available in PMC 2012 March 24.


http://odp.od.nih.gov/consensus/cons/115/115_intro.htm

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gordan et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Page 10

Pitts, N. Advances in radiographic detection methods and caries management rationale. In:
Stookey, GK., editor. Early detection of dental caries. School of dentistry, Indiana University;
Indianapolis, IN: 1996. p. 39-50.

Ferreira Zandona AG, Analoui M, Schemehorn BR, Eckert GJ, Stookey GK. Laser fluorescence
detection of demineralization in artificial occlusal fissures. Caries Research. 1998; 32:31-40.
[PubMed: 9438569]

Huysmans MC, Longbottom C, Pitts N. Electrical methods in occlusal caries diagnosis: An in vitro
comparison with visual inspection and bite-wing radiography. Caries Research. 1998; 32:324-329.
[PubMed: 9701656]

Pitts NB, Renson CE. Reproducibility of computer-aided image-analysis-derived estimates of the
depth and area of radiolucencies in approximal enamel. Journal of Dental Research. 1985;
64:1221-1224. [PubMed: 3861653]

Tonioli MB, Bouschlicher MR, Hillis SL. Laser fluorescence detection of occlusal caries.
American Journal of Dentistry. 2002; 15:268-273. [PubMed: 12572647]

Vaarkamp J, ten Bosch JJ, Verdonschot EH, Bronkhoorst EM. The real performance of bitewing
radiography and fiber-optic transillumination in approximal caries diagnosis. Journal of Dental
Research. 2000; 79:1747-1751. [PubMed: 11077989]

Valachovic RW, Douglass CW, Berkey CS, McNeil BJ, Chauncey HH. Examiner reliability in
dental radiography. Journal of Dental Research. 1986; 65:432—436. [PubMed: 3457049]

Yalcinkaya S, Kunzel A, Willers R, Thoms M, Becker J. Subjective image quality of digitally
filtered radiographs acquired by the Durr Vistascan system compared with conventional
radiographs. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology & Endodontics. 2006;
101:643-651.

Seddon RP. The detection of cavitation in carious approximal surfaces in vivo by tooth separation,
impression and scanning electron microscopy. Journal of Dentistry. 1989; 17:117-120. [PubMed:
2671075]

Mariath AA, Bressani AE, Araujo FB. Elastomeric impression as a diagnostic method of cavitation
in proximal dentin caries in primary molars. Journal of Applied Oral Science;. 2007; 15:529-533.
Obry-Musset AM, Cahen PM, Turlot JC, Frank R. Approximal caries diagnosis in epidemiological
studies: transillumination or bitewing radiographs? Journal de Biologie Buccale. 1988; 16:13-17.
[PubMed: 3165088]

Peers A, Hill FJ, Mitropoulos CM, Holloway PJ. Validity and reproducibility of clinical
examination, fiber-optic transillumination, and bite-wing radiology for the diagnosis of small
approximal carious lesions: an in vitro study. Caries Research. 1993; 27:307-311. [PubMed:
8402807]

Stephen KW, Russell JI, Creanor SL, Burchell CK. Comparison of fiber-optic transillumination
with clinical and radiographic caries diagnosis. Community Dentistry and Oral Epidemiology.
1987; 15:90-94. [PubMed: 3552397]

Vaarkamp J, ten Bosch JJ, Verdonschot EH, Tranaeus S. Quantitative diagnosis of small
approximal caries lesions utilizing wavelength-dependent fiber-optic transillumination. Journal of
Dental Research. 1997; 76:875-882. [PubMed: 9126184]

Cortes DF, Ellwood RP, Ekstrand KR. An in vitro comparison of a combined FOTI/visual
examination of occlusal caries with other caries diagnostic methods and the effect of stain on their
diagnostic performance. Caries Research. 2003; 37:8-16. [PubMed: 12566633]

Aljehani A, Yang L, Shi XQ. In vitro quantification of smooth surface caries with DIAGNOdent
and DIAGNOdent pen. Acta Odontologica Scandinavica. 2007; 65:60-63. [PubMed: 17354096]
El-Housseiny AA, Jamjoum H. Evaluation of visual, explorer, and a laser device for detection of
early occlusal caries. Journal of Clinical Pediatric Dentistry. 2001; 26:41-48. [PubMed:
11688812]

Kuhnisch J, Ziehe A, Brandstad A, Heinrich-Weltzien R. An in vitro study of the reliability of
DIAGNOdent measurements. Journal of Oral Rehabilitation. 2004; 31:895-899. [PubMed:
15369472]

Lussi A, Hellwig E. Performance of a new laser fluorescence device for the detection of occlusal
caries in vitro. Journal of Dentistry. 2006; 34:467-471. [PubMed: 16431009]

Oper Dent. Author manuscript; available in PMC 2012 March 24.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gordan et al.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 11

Virajsilp V, Thermontree A, Aryatawong S, Paiboonwaraschat D. Comparison of proximal caries
detection in primary teeth between laser fluorescence and bitewing radiography. Pediatric Dental
Journal. 2005; 27:493-499.

Yin W, Feng Y, Hu D, Ellwood RP, Pretty IA. Reliability of quantitative laser fluorescence
analysis of smooth surface lesions adjacent to the gingival tissues. Caries Research. 2007; 41:186—
189. [PubMed: 17426397]

Hintze H, Wenzel A, Danielsen B, Nyvad B. Reliability of visual examination, fiber-optic
transillumination and bite-wing radiography, and reproducibility of direct visual examination
following tooth separation for the identification of cavitated carious lesions in contacting
approximal surfaces. Caries Research. 1998; 32:204-209. [PubMed: 9577986]

Holt RD, Azevedo MR. Fibre optic transillumination and radiographs in diagnosis of approximal
caries in primary teeth. Community Dental Health. 1989; 6:239-247. [PubMed: 2679987]
Schneiderman A, Elbaum M, Shultz T, Keem S, Greenebaum M, Driller J. Assessment of dental
caries with digital imaging fiber-otpic transilumination (DIFOTI): in vitro study. Caries Research.
1997; 31:103-110. [PubMed: 9118181]

McComb D, Tam LE. Diagnosis of occlusal caries: Part I. Conventional methods. Journal of the
Canadian Dental Association. 2001; 67:454-457. [PubMed: 11583606]

Ewoldsen N, Koka S. There are no clearly superior methods for diagnosing, predicting, and
noninvasively treating dental caries. Journal of Evidence-Based Dentistry. 2010; 10:16-17.
Shugars DA, Bader JD. Cost implications of differences in dentists' restorative treatment decisions.
Journal of Public Health Dentistry. 1996; 56:219-222. [PubMed: 8906706]

Bader JD, Shugars DA. Understanding dentists' restorative treatment decisions. Journal of Public
Health Dentistry. 1992; 52:102-110. [PubMed: 1564688]

Oper Dent. Author manuscript; available in PMC 2012 March 24.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Gordan et al.

Page 12

Table 1

Questions used to assess the methods used by DPBRN dentists to diagnose dental caries.

Instructions. These questions have to do with methods that you may use to diagnose dental caries. Please circle the one number that best
corresponds to your answer. Patients can vary substantially from one practice to the next, but we are interested in the patients in YOUR
practice.

1

When you examine patients to determine if they have a caries lesion on a proximal (mesial or distal) surface, on a posterior tooth,
on what percent of these patients do you use radiographs to help diagnose the lesion?

When you examine patients to determine if they have a caries lesion on the occlusal surface, on what percent of these patients do
you use radiographs to help diagnose the lesion?

When you examine patients to determine if they have a primary occlusal caries lesion, on what percent of these patients do you use
a dental explorer to help diagnose the lesion?

When you examine patients to determine if they have a caries lesion at the margin of an existing restoration (recurrent/secondary
caries) on what percent of these patients do you use a dental explorer to help diagnose the lesion?

When you examine patients to determine if they have a primary caries lesion on the occlusal surface, on what percent of these
patients do you use laser fluorescence (for example, Diagnodent®)?

When you examine patients to determine if they have a primary caries lesion, on what percent of these patients do you use air-
drying to help diagnose the lesion?™™

When you examine patients to determine if they have a caries lesion on a proximal (mesial or distal) surface of an anterior tooth, on
what percent of these patients do you use fiber optic transillumination to help diagnose the lesion?

When you examine patients to determine if they have a caries lesion, on what percent of these patients do you use some sort of
magnification to help diagnose the lesion?

Fk

Respondents who reported using air-drying were also asked: Approximately how long do you dry the tooth surface? The response choices were:

1-2 seconds, 3-4 seconds, 5 seconds, more than 5 seconds Participants had the following answering choices: 1 — Never or 0% 2 — 1 to 24% 3 —
2510 49% 4 — 50 to 74% 5 — 75 to 99% 6 — Every time or 100%

Note: The percentages for each method used were recoded to the categories' median to maintain the interval nature of the data so that parametric
statistics could be used: 0 percent=0, 1-24 percent=12.5, 25-49 percent=37, 50-74 percent=62, 75-99 percent=87, 100 percent=100.
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Frequency of use for each of the caries diagnostic methods by DPBRN dentists.

Table 3

Range Not used at  Used on all patients % Patients
(Min-Max) all % (n) % (n) Mean (SD)

Radiograph proximal 12-100% 0% (n=0) 50% (n=262) 92% (12)
(n=522)
Radiograph occlusal 0-100% 1% (n=1) 14% (n=71) 56% (33)
(n=521)"
Dental explorer occlusal ~ 0-100% <1% 61% (n=317) 88% (23)
lesion (n=522) (n=2)
Dental explorer on the 0-100% 2% (n=9) 63% (n=328) 91% (16)
margin of an existing
restoration (n:520)*
Laser fluorescence 0-100% 86% 1% (n=4) 7% (21)
occlusal (n=521)" (n=450)
Air Drying (n=521)" 0-100% 4% 32% (n=168) 70% (32)

(n=19)
Drying time in seconds ~ 0-5+ 1.2(1.3)
(n=488)"
Fiber optic proximal 0-100% 35% 2% (n=9) 21% (27)
(n=520)" (n=180)
Magnification (n=521)" 0-100% 21% 40% (n=205) 57% (43)

(n=110)

*
These numbers do not equal to 522 as some dentists left some of the questions unanswered.
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Practice characteristics associated with each diagnostic method.

B (SE) SE p
Radiograph for proximal caries
Years since dental school graduation —.082 .047 .068
Individualized caries prevention .030 .015 .040
Percent of pediatric patients —.785 .228 .001
Radiograph for occlusal lesions &
Explorer on occlusal lesions
Private practice 13.352 5.640 .018
Caries risk assessment 4.820 2.337 .040
Explorer on the margin of an existing restoration
Private practice 7.692 4.198 .068
Caries risk assessment 3.067 1.678 .068
Use of laser fluorescence on occlusal surfaces
Percent of non-implant restorative work 1.900 484 <.001
Year since graduation from dental school —.158 .092 .088
Air drying when diagnosing occlusal caries
Individualized caries prevention .209 .045 <.001
Fiber optic transillumination for proximal caries
Individualized caries prevention 141 039 <001
Use of Magnification
Gender —-13.414 5136 .009
Percentage of pediatric patients —4.104 .886 <.001

This table provides parameter estimates for practice characteristic associated with the frequency of use of each diagnostic method where
significance was <.10 and are adjusted for regional differences. Regional differences are reported in results section text for each diagnostic method.

a . - . . . .
None of the practice characteristic were associated with the use of radiographs for occlusal lesions.

Private practice variable was coded as SGP=2, PHS or LGP =1

Caries risk assessment yes=1, no=2
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