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Abstract
Objective—Dental caries is a significant public health problem especially amongst children from
low-income backgrounds. This longitudinal study examined the development of new occlusal
caries in 227 Newark, NJ children ages 10–18. The role of previous caries experience and the
presence of occlusal white and dark lesions in predicting the development of new lesions were
examined.

Design—At each visit, the patient’s teeth were given a visual-tactile examination and the
subject’s decayed; missing and filled (DMFS) score was determined. Next, molars lacking
probeable caries or restorations were examined using transillumination for occlusal white and dark
spots. This examination was repeated periodically. A Cox proportional hazard was used to analyze
data concerning the development of new occusal caries in molars.

Results—The longitudinal data indicates that patients who were caries free at visit-1 developed
significantly fewer occlusal caries during the longitudinal study. The hazard ratio for subjects who
had first-visit caries was 2.27 compared to caries free subjects. Intact molars with occlusal white
or dark lesions had caries hazard ratios of 0.78 and 1.49 respectively, compared to molars lacking
initial color changes.

Conclusion—Having a prior caries history places the subject at increased risk of developing
future caries. Teeth with dark lesions but not white lesions are at significantly increased risk for
developing decay. White lesions may represent remineralizing or slowly progressing lesions. The
results of this study can help identify patients and tooth surfaces at risk for future occlusal decay.
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1. Introduction
Dental caries remains one of the most common and costly infectious diseases to afflict
humanity. Although considerable progress has been made in the prevention and treatment of
dental caries, not all segments of the population have benefited equally. A recent US
Surgeon’s General Report has delineated the magnitude of childhood caries in the United
States. Amongst children age 5–17, 43.6% of poor children were found to need at least one
dental restoration.1 In contrast the same study reported that only 23.4% of non-poor children
in the same age group required dental restorations. The continued high incidence of caries in
segments of the population indicate that better methods need to be developed to identify
individuals and tooth sites at risk for caries development.

Recognition of the complex nature of caries causation has lead to the development of
methods used to evaluate individual patients risk.2 In many studies, prior caries experience
was shown to be a predictor of future caries occurrence.3,4 Adults with retained third molars
who had caries on their first or second molars had an increased likelihood of developing
caries on the third molars than subjects whose molars were caries free.5,6 Combining the
contribution of past caries experience, as evidenced by dental restorations, to present caries
improves the accuracy of caries prediction.7 Past caries indicates that the individual must
have been infected by caries inducing microorganisms, had tooth surfaces that were exposed
to conditions where demineralization exceeded remineralization and where clinically evident
caries was diagnosed.8

Early carious lesions are marked by subsurface mineral loss resulting in white spots that are
most readily visible on smooth surfaces when the tooth is dried.9 When white lesions are
subjected to conditions that favor a cessation of demineralization they can remineralize.
When white spots continue to demineralize, loss of surface integrity occurs resulting in a
cavitated lesions. Latter in the progression of the lesion, the superficial dentin underlying the
enamel lesion develops a dark gray or brown discoloration that is due to the penetration of
bacterial pigments into dentin.10 Although areas of demineralization effecting both enamel
and dentin can remineralize,11 demineralized dentin retains its dark appearance following
remineralization since the pigments are trapped in the dentin structure.12

Few clinical studies have examined the progression of non-cavitated lesions involving the
occlusal surface of posterior teeth. Using a visual caries scoring system and a device that
analyzes fluorescent changes in tooth structure caused by mineral loss, it was observed that
approximately one third of the occlusal lesions visually scored as having enamel
demineralization but lacking surface breakdown, progressed to more severe caries scores
following 12 months. In contrast, only half as many teeth with occlusal demineralizations
showed clinical signs of improvement. In this same study, smooth surface lesions scored as
intact demineralizations were observed to be more likely to improve and less likely to
progress.13 Although the population of children followed had high caries prevalence and
high rates of lesion progression, there was equivocal evidence linking the subject’s over-all
caries experience to the tendency for non-cavitated lesions to progress.14 This study also had
the limitations of not differentiating between white and dark non-cavitated lesions. This
distinction may be helpful in indicating risk since dark lesions represent a later stage in the
caries process.

This longitudinal study focused on occlusal caries development in the erupted permanent
molars of inner-city children ages 10–18. We examined the relationship between a number
of clinical parameters assessed at the subject’s first visit with the development of pit and
fissure caries at subsequent visits. Two hypotheses will be examined:
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1. Subjects with higher numbers of decayed missing and filled surfaces at the first
visit will develop more occlusal decay during the longitudinal study.

2. If the presence of white and dark spots on the occlusal surface of permanent molars
represent the early precavitated stages of decay, than teeth with these lesions should
develop probeable caries more often than teeth that lack these lesions.

In addition, the data will be examined in order to determine if a subject’s past caries
experience and the presence of white or dark lesions on individual molars act together to
influence the risk of cavitated lesion formation in individual teeth. The results of this study
should help identify high-risk occlusal surfaces in at risk individuals.

2. Methods
2.1. Subjects

This study was conducted on subjects participating in a longitudinal study of microbial risk
factors for localized periodontal disease15 and clinical risk factors for dental caries. Data
was collected from all subjects for use in both studies. The Newark NJ Board of Education,
the Archdiocese of Newark NJ and various autonomous charter schools agreed to allow us
to visit their school’s in a mobile dental facility (provided by the Colgate Palmolive
Company) and conduct the examinations. Thirty-four Individual schools agreed to
participate. The goal of the study was to collect longitudinal data from as many children as
possible in the Newark, New Jersey area; consequently we visited all schools that allowed us
access. Approval of the university’s institutional review board (IRB protocol #
0120020236), permission of the school authorities, parental consent and subject assent was
obtained prior to conducting the examinations. Within each school an IRB-approved
information package, medical history question sheet, parental consent and subject assent was
distributed to families of children within the target age group. Examinations were scheduled
for all assenting children for whom we received parental consent and who did not have one
of the exclusionary conditions listed below. Other than these criteria there was no selection
process used to determine which students participated in the study.

2.2. Examination procedures and caries classification
Parents (or guardians) provided information concerning the subject’s medical history and
ethnic self-classification. Exclusion criteria included incomplete medical history
information, pregnancy or lactation, diabetes, and tumors of the oral hard or soft tissue. In
order to participate subjects must in addition to meeting age and health qualifications, have
at least 20 teeth and at least one permanent molar.

Prior to examination, teeth were cleaned with a circular bristle brush held on an electrically
driven disposable prophylaxis angle, care being taken to remove plaque from the occlusal
fissures. Examination and charting of decayed, missing and filled surfaces (DMFS) was
performed on all teeth. Teeth with occlusal pit and fissure sealants were classified as filled.
Designating a tooth as missing was restricted to teeth lost to decay. Permanent second
molars were examined if the entire occlusal surface was erupted to the extent that it could be
examined; otherwise they were classified as unerupted. Visual examination and the dental
explorer was used to detect caries. The explorer tip was gently moved over the pits and
fissures on the occlusal and buccal surfaces of the posterior teeth. The tip of the explorer
was kept at a slight angle to the tooth surface to avoid pressing the explorer tip onto the
enamel surface at any time in the examination. The explorer was used to remove plaque that
was not removed by the brush and to detect defects on these surfaces as an adjunct to visual
inspection. Once detected, the presence of an occlusal lesion was confirmed by immediately
repeating the examination (by the same examiner). The object of these examinations was to
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reproduce the type of clinical examination performed in the dental office using
contemporary examination guidelines. Teeth with visibly apparent cavitations or probeable
lesions were classified as carious and included as D surfaces on the DMFS count. Since
radiographs were not taken during the initial examination the incidence of proximal surface
caries are assumed to be under-assessed.

In the next part of the examination, the occlusal surfaces of molars that were observed to
lack probeable caries or restorations based on the mirror-explorer examination were
examined for subtitle white and dark occlusal lesions. Following DMFS charting, the
permanent molar teeth were dried with gauze and an air-stream then examined with a hand-
held transilluminator (Microlux® AdDent Inc., Danbury, CT). Occlusal white and dark (gray
or brown) discolorations, visible when the tooth was transilluminated from the buccal or
lingual surfaces, were recorded. Although caries related changes in tooth tissue color could
not always be identified with certainty; faint white patches that were restricted to the pits
and fissures, particularly those that were accentuated by drying, were classified as white
lesions. Diffuse white patches involving the cusp tips were not classified as white lesions
since these enamel changes frequently have developmental origins. By varying the angle of
illumination superficial dark staining of the occlusal fissures was differentiated from
subsurface pigmentation. Only these deep discolorations were classified as potentially
precarious dark lesions. Non-probeable white or dark areas were not included on the DMFS
count.

Based on the transilluminator examination, individual permanent molars were scored as
follows:

0- No probeable lesion or color change suggestive of a precarious lesion.

1- Subtle white lesion in the occlusal pit and fissure system.

2- Dark gray or brown non-removable discoloration of the occlusal surface.

Recall visits employing the same examination procedures were conducted. Our intention
was to examine subjects biannually for as long as they participated. Due to scheduling
considerations however, the average inter-visit interval was longer.

Since the goals of this study was to examine the transition of occlusal color changes to
probeable caries, the term “carious” or “decayed” will be reserved for probeable lesions
only. Based on the results of these examinations, the sequence of which is seen in Fig. 1, the
overall caries activity of the subject was classified as to the types of lesions present and the
total number of decayed missing and filled surfaces (DMFS). By performing repeated
examinations of initially caries free occlusal surfaces we can determine what proportion of
these intact teeth develop occlusal caries and determine if teeth with white or dark lesions
are more likely to develop probeable lesions than teeth that lack these findings.

Following each examination, all subjects were given a soft toothbrush, oral hygiene
instruction and dietary information. Since the dental van was used for examinations only,
children found to have evidence of localized aggressive periodontal disease or caries
(cavitated lesions) were referred to New Jersey Dental School’s Center for Dental and Oral
health for treatment.

2.3. Examiner Calibration
The clinical examiner (KM) was trained to conduct the caries examination by DHF. A
training exercise was held where both investigators examined nine subjects scheduled for
examination at that time. Following each examination the full mouth DMFS and molar
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transilluminaton scores obtained by the two examiners were compared. The two examiners
agreed on the DMFS charting of the nine subjects. Discrepancies in the white-dark lesion
classification of individual occlusal surfaces were resolved by discussion of points of
disagreement and then reviewed via joint examination. By the completion of the exercise the
two examiners arrived at the same scores. In follow-up examinations, the clinical examiner
(KM) was blinded as to the results of the previous examinations.

2.4. Data analysis
Data concerning the subject’s demographics, DMFS and transillumination results were
entered into an electronic database (Microsoft Access, Microsoft Corporation, Redmond,
WA, USA). An analysis of the longitudinal data was performed in order to determine the
relationship between the subject’s first visit dental findings and subsequent molar occlusal
caries development. A Cox proportional hazard model was used to analyze the influence of
the subject’s visit-I DMFS, the presence of occlusal white and dark lesions on individual
teeth and patient demographic variables such as gender or ethnic affiliation on the
development of occlusal caries. This was carried out using a SAS (version 9.1) statistical
software package (SAS Institute Inc., Cary, NC, USA). Hazard ratios were calculated and
displayed with 95% confidence limits. Statistical significance was set at the 0.05 level.

A marginal Cox model for clustered data was used where data from each of the subject’s
one-eight erupted and initially intact molars are treated as a data cluster. In this analysis, the
hazard ratios associated with the various variables was calculated. The influence of gender
and the subject’s ethnic affiliation was done by comparing the proportional survival (hazard
rate) of one group with the other. For DMFS the caries hazard rate for DMFS=0 subjects
was calculated and used as a reference value to calculate the hazard ratio for incrementally
increasing DMFS values. In order to determine the role of white and dark lesions on
subsequent caries development, the hazard ratio of each of these conditions was calculated
using the hazard rate of teeth with no occlusal discolorations as a reference value. In
addition to examining the effect of incremental DMFS increases on caries hazzard, a three-
way system was used to classify the subject’s DMFS status for caries hazard ratio
calculations. This classification divided the subjects into the following catergories:

1. Caries free (DMFS=0) subjects had no decayed, missing or filled surfaces.

2. Caries susceptible (D=0, DMFS>0) subjects had at least one-restored or missing
surface but no unrestored caries.

3. Caries active (DMFS>0, D>0) subjects had at least one-unrestored carious lesion.

This classification differentiates subjects with active disease, past (as evidenced by restored
teeth) but not necessarily current disease and no disease. This system has been used in
studies correlating Streptococcus. mutans levels at oral sites, with caries development.16,17

The hazard ratio for caries susceptible and caries active subjects was calculated using the
hazard rate of caries free subjects as a reference value. The combined effects of occlusal
color change and visit-1 DMFS status on caries development was also examined using the
Cox proportional hazard approach.

3. Results
3.1 Subject population

1257 patients were examined for caries as described above, of these, 227 (18.1%) were
examined at least twice. Of these 227, 98 subjects were examined at least three times. The
mean (±SD) inter-visit interval was 277± 113 days and the average length of the subject’s
participation was 481± 253 days.
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The study population (as recorded at the first visit) was 60.8% female. In terms of ethnic
breakdown the subjects were identified as; 50.9% Hispanic, 40.5% African American and
8.6% who were described as Caucasian, Asian or Pacific Islander, American Indian or
Alaska native, other or did not have ethnic information reported. The average age of the
subjects was 12.2± 1.6 years.

As shown in Fig. 2, cross-sectional caries data collected from subjects at the first visit
indicates that 68.7% of the children had at least one probeable caries lesion, 18.5% had more
than five lesions, and 4.4% had more than 10 lesions. 4% of subjects were missing one or
more permanent molars due to caries related causes. 48.6% of subjects had at least one
restoration on a primary or permanent tooth. 76% of the subjects had at least one white or
dark lesion reveled by transilluminator examination. Overall only 3% of children were free
of caries, restorations, missing teeth or nonprobable white/dark lesions.

3.2. Development of occlusal caries on initially caries free molars
Repeated dental examinations were performed on 227 subjects. 186 of these study
participants were found to have at least one erupted, non-decayed and un-restored permanent
molar at the first visit. Overall, these 186 subjects had a total of 746 teeth that were free of
probeable occlusal lesions at the initial visit; these teeth were monitored for caries
development during the longitudinal study. 236 (31.6%) of these teeth developed probeable
decay or were given occlusal restorations by the subject’s final visit. The number and
percent of teeth presenting as caries free at the beginning of the study in each of the three
transillumination categories described above and developing caries by the final visit is
shown in Table 1. The percentages of molars developing caries by the final visit was 29.5%
for molars that were initially free of either white or dark lesions, 23.9% for molars that
initially had occlusal white spots and 43.4% for molars with dark lesions at the initial visit.

As shown in Table 2, the Cox proportional hazard model indicated that the patient’s age and
gender had no significant effect on the risk of developing molar caries with hazard ratios of
1.0 and 0.85 respectively. By comparing the hazard rates of the various ethnic categories it
was determined that ethnic group did not have a significant effect.

Increased DMFS was associated with a statically significant increase of caries risk although
the hazard ratio associated with increases in DMFS score was low, for each one-unit
increase in DMFS, the hazard ratio was 1.07 (95% confidence intervals 1.04–1.12). Table 2
shows the hazard ratios calculated for caries free, caries susceptible and caries active
subjects. The 128 subjects who were classified as caries active (D>0) and the 19 caries
susceptible subjects (D=0, DMFS>0) were found to have significantly higher hazards of
developing molar caries than the 39 caries free subjects with hazard ratios of 2.27 and 2.33
respectively. Dark spots but not white spots were found to be associated with a significantly
increased risk of caries development with hazard ratios of 1.49 and 0.78 respectively.

The combined effect of occlusal color change and visit-1 DMFS status on caries
development was then examined (Table 3). Since, as shown in Table 2, both caries active
and caries susceptible groups had higher hazard rates for caries development than caries free
subjects, these two groups were combined into one group defined as DMFS>0. The caries
hazard rate for teeth without occlusal color changes (no spots) in DMFS=0 subjects was
used as a reference value. Against this reference value, the hazard ratios were calculated for
teeth with white or dark spots in DMFS=0 subjects and for teeth with white spots, dark spots
or teeth lacking color changes in DMFS>0 subjects.

In subjects with DMFS=0, white spots and dark spots were associated with insignificant
hazard ratios of 0.98 and 0.83 respectively. In subjects with DMFS values greater than 0,
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significant differences in caries hazard were observed depending on the initial condition of
the molar. The presence of white spots in DMFS>0 subjects was not associated with a
statistically significant increased hazard ratio (1.59) of caries. In contrast, the presence of
dark spots was associated with a significant hazard (3.38) of caries compared to no spot
teeth in DMFS=0 subjects. In the DMFS>0 group, teeth with no detected visit-1 color
change had a significantly increased hazard (2.61) of caries development compared to no
spot teeth in DMFS=0 subjects.

4. Discussion
Dental caries in underserved youth continues to be a major public health issue. This study
and a companion investigation of localized aggressive periodontal disease in Newark, NJ
school children was designed to study the early stages and progression of periodontal
disease and caries in an urban population. The goal of the study was to identify risk factors
for future occlusal decay that could be readily assessed during routine dental examinations.

The diagnosis of cavitated occlusal lesions was accomplished by visual and tactile
examination. Although concerns with the use of the dental explorer in the caries detection
have been expressed, this is still a widely used diagnostic procedure.18–20 In this study a
gentle probing procedure was used to detect areas of pathological pit and fissure
enlargement. Molars that were free of probeable lesions or restorations were then examined
with a transilluminator to detect non-cavitated white and dark areas. Previous studies have
shown transilluminators to be a useful aid in detecting subtle caries-related color changes on
the occlusal surface.21,22

We characterized the caries prevalence in over 1200 subjects between the ages of 10–18. In
this population a small percentage of subjects were free of caries or precarious white or dark
lesions. By the clinical criteria used, the proportion of children requiring at least one dental
restoration was above the national average cited in the recent Surgeon’s General report.1

This finding documents the need for improved methods of caries diagnosis and prevention in
our local community.

Longitudinal data spanning an average period of 1.3 years was collected for 227 of the 1257
subjects. This large loss of subjects occurring between the first and second visits may be due
to the dynamic nature of this urban subject population and highlights the need to recruit
large numbers of subjects in longitudinal studies. The difficulty retaining subjects was
predicted in the initial study design, where the plan was to visit as many schools as possible
and perform the initial screening on all students meeting the inclusion criteria.

Our results and the literature indicate that erupted molars in children of this age group are
susceptible to occlusal decay. Overall, 31.6% of initially intact occlusal surfaces developed
caries during the course of the longitudinal study. This is higher than what was reported in
other studies involving this general age group. 10.5% of occlusal surfaces developed decay
per-year in a study of 10–16 year-olds on Long Island, New York 23. In Scottish children,
41% of maxillary and 39% of mandibular molars, developed decay over a 3-year period.24

The higher rate of caries development observed in this study may be due to the
socioeconomic status of the population, with the City of Newark having a substantially
lower median household income than the State of New Jersey as a whole.25

The contribution of several independent variables, assessed at the first visit, including:
patient’s demographics, patient’s DMFS, as well as the presence of occlusal white/dark
spots, on the subsequent development of occlusal caries was evaluated by a Cox
proportional hazard model (Table 2). Increasing DMFS values were significantly associated
with increased hazard of developing occlusal caries. Subjects who at the first visit were
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observed to be both caries active and caries susceptible had significantly higher hazards of
developing occlusal lesions, than subjects who were caries and restoration free. These
observations agree with other reports that demonstrate the importance of prior caries
experience in predicting the risk of future caries.9

Although the majority of molars that developed new probeable lesions had pre-existing
white or dark lesions at the first visit, our results indicate that two types of lesions differ in
their propensity to progress into probeable lesions. As seen in Table 2, molars with occlusal
white spots did not have a significantly different hazard of caries development than molars
that lacked these lesions. In contrast molars with initially non-probeable dark lesions showed
a significantly higher (1.49) hazard of caries development than teeth with no-color changes
or teeth with white lesions.

The combined effect of DMFS status (DMFS=0 or DMFS>0) and occlusal white or dark
spots was examined using a Cox proportional hazard model that evaluated these factors
together. The group consisting of teeth with no spots in DMFS=0 subjects was designated as
the reference group for the analysis since this group could be thought of as presenting no
evidence of caries or color changes indicative of the early stages of caries. As seen in Table
3, in subjects with visit-1 DMFS of zero, neither white nor dark spots were associated with a
hazard of decay that was significantly higher than that for teeth with no spots.

In subjects with a DMFS>0 the pattern was quite different. Teeth with dark lesions had a
substantially higher (3.38) hazard ratio than no spot teeth in DMFS=0 subjects. In contrast,
teeth with white spots in DMFS>0 subjects did not have a significantly higher hazard ratio
than no spot teeth in DMFS=0 subjects. Teeth with no spots in the DMFS>0 group behaved
in a manner akin to the teeth in those subjects having dark spots in that they had
significantly higher hazard ratio (2.61) than identically appearing, no spot teeth in DMFS=0
subjects.

Our observation concerning the proportion of teeth with occlusal discoloration that
progressed to probeable lesions agree with the results of a study conducted in Puerto Rico
where 34% of molars with visually detected color changes progressed to more severer
clinical scores in 12 months.13 In that study the ICDAS (International Caries Detection and
Assessment System) was used to visually score occlusal surfaces. The ICDAS does not
distinguish between white and dark lesions.26 Our results indicate that the distinction
between white and dark lesions is important since these types of lesions may behave
differently in terms of caries progression. Our results also show that the subject’s caries
history has an important influence over caries risk.

The low frequency of progression to probeable caries, we observed in teeth with white
lesions is consistent with the well-documented capacity of these lesions to remineralize.9,27

Remineralized white spots can be resistant to future demineralization due to acid induced
modifications of the enamel composition.28 These finding need to be verified in longer
duration longitudinal studies since the rate of progression to cavitation may be low and more
probeable lesions may have become apparent over time. It would also be interesting to
determine if the static nature of white lesions observed in this study, could also be observed
in populations with a high rate of caries development.

Teeth with occlusal dark spots were found to have a higher hazard of developing probable
lesions in subjects with a first visit DMFS>0 but not in DMFS=0 subjects. These data
indicate that these dark lesions represent, in some cases at least, true nonprobeable carious
lesions depending on the patient’s caries susceptibility. In primary molars with
nonprobeable lesions; dark discolored dentin was observed to harbor culturable bacteria in
only 33% of the teeth examined.29 Thus based on clinical examination, it is impossible to
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tell if occlusal dark spots represent areas where decay has arrested or is progressing. In
DMFS=0 subjects dark lesions may have a very low tendency or slow progression to
probeable decay, possibly representing arrested lesions.

A sizeable proportion, (36.4%) of the teeth that developed probeable lesions during the
course of the study were free of visible occlusal color changes at the initial visit. In
DMFS>0 subjects, teeth with no spots had a higher hazard of caries development than no
spot teeth in DMFS=0 subjects indicating the importance of the subject’s caries experience
in determining risk of future caries. These teeth may have developed caries rapidly, making
the transition from intact to carious entirely within the inter-visit interval. Alternatively,
these teeth may have had occlusal color changes at visit-1 that were undetectable due to
small size or inaccessible location. It is likely that although the transillumunator assisted in
the detection of these lesions, this device was not completely effective.

The results obtained in this study demonstrate that both the subject’s caries experience and
the condition of the individual tooth should be taken into consideration in determining the
caries risk of a particular occlusal site. Clinicians should factor together both considerations
when assessing the caries risk of individual tooth sites.

The examination procedures used here were typical of those routinely performed in dental
offices with the exceptions that radiographs were omitted and the molars were examined
with a hand-held transilluminator. These results support the utility of transilluminators in
detecting subtle occlusal color changes.

Placement of restorations was assumed to be due to the presence of caries. Sealants, not
commonly encountered, were classified as restorations, thus the number of filled surfaces
may have overestimated the subject’s past caries experience. The practice of scoring sealants
as restorations may also have led to a higher count of filled surfaces at recall exams and
exaggerated our assessment of intact teeth developing caries. In this study no information
was collected concerning the subject’s diet or oral hygiene practices.

Caries requires time to develop; the main limitation of the study was the fairly short period
of time over which the patients were followed. Since the data was collected from clinical
examinations alone, without radiographs, it is likely that this study underestimated caries
incidence. Most of our subject’s primary teeth were lost when we examined them for the
first time. This may have caused us to underestimate their true previous caries experience.

The ability of fluoride, oral hygiene improvements and dietary modification to effect
remineralization of smooth surface enamel lesions is well established. The efficacy of these
measures on occlusal caries is less clear. Pit and fissure sealants hinder occlusal decay by
preventing the egress of organisms and substrate into the narrow confines of fissure. Recent
studies supporting the effectives of sealants30,31 taken together with the results of this study
strongly argue in favor of early sealant application to molars in caries active and caries
susceptible children, and especially to teeth with nonprobeable dark lesions.

The results of this study indicate that occlusal caries remains a significant health problem for
Newark, NJ school children. By performing careful examinations at regular intervals, teeth
and individuals at risk can be identified. The ability to diagnose molars with precavited
lesions indicates that this population would benefit from intense preventive and minimally
invasive caries treatment. These results also suggest that since this population experiences a
relatively high increase in carious lesions over short periods of time, it may be an attractive
target for caries clinical trials involving new preventive and therapeutic agents.
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Figure 1.
Sequence of visual/tactile and transilluminator examinations used in the longitudinal caries
study. A diagnosis of occlusal caries is made when caries is detected by visual tactile
examination. At each examination molars that were found to be free of occlusal caries or
restorations are examined with a hand-held transilluminator for the presence of non-
probeable white or dark lesions. At recall examinations it was determined if initially intact
teeth developed occlusal caries and if the presence of white and dark spots at the initial visit
increased the risk of occlusal caries development.
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Figure 2.
Cross-sectional caries data collected from subjects at the first visit. A majority of subjects
had at least one carious lesion and at lest one molar with an occlusal white or dark spot.
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Table 1

Caries development in initially caries free erupted molars. Numbers of molars that were caries free at the
initial examination are shown in the second row. Third row shows numbers (%) of molars that developed
caries by the last visit.

Transilluminator classification

All initially caries and
restoration free molars

0- No spot (normal
color)

1- White spot 2- Dark spot

Number of teeth at visit-1. 746 291 243 212

Number (%) of teeth developing occlusal
decay by the end of the study.

236 (31.6%) 86 (29.5%) 58 (23.9%) 92 (43.4%)
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Table 2

Cox proportional hazard model of caries development in initially caries free permanent molars. The presence
of dark spots but not white spots was associated with a higher hazard of caries development compared to teeth
without dark or white spots. Patients who had carious lesions (caries active subjects) and patients who had
restored (or missing) teeth but no active lesions (caries susceptible subjects) were more likely to develop
caries in initially caries free molars than patients who were caries free at the first visit. None of the other
demographic variables examined (gender, age and ethnic group) had a significant effect on the caries hazard.

Variable Hazard ratio Hazard ratio 95% Confidence limits

Visit-1 Transilluminator Classification No Spot Reference

White spot 0.78 0.52 1.17

Dark spot 1.49* 1.04 2.15

DMFS Category Caries free Reference

Caries active 2.27* 1.26 4.11

Caries susceptible 2.33* 1.05 5.17

Demographics Gender 0.85 0.57 1.27

Age 1.00 0.93 1.09

Ethnic-Hispanic verse African American 1.41 0.91 2.16

Ethnic-Other verse African American 1.89 0.91 3.93
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