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Abstract 
In 1941, Klein and Palmer published a landmark study that ranked the relative 

susceptibility to dental caries of various morphological tooth types. Specifically, 
Klein and Palmer used a four-step approach, which included derivation of: (1) an 
eruption schedule; (2) posteruptive tooth age; (3) cumulative number of decayed, 
missing, and filled teeth and cumulative posteruptive tooth age; and (4) relative 
susceptibility values. Their study was conducted when dental caries prevalence 
and severity were generally high in the United States, prior to the introduction of 
preventive measures such as fluoride and dental sealants. This investigation used 
more recent data to assess whether declines in dental caries prevalence over 
time have been accompanied by changes in the relative Susceptibility of perma- 
nent tooth types. Methods: The data source for this investigation was the oral 
examination component of the Third National Health and Nutrition Examination 
Survey. This investigation used analytical methods to derive the relative suscep- 
tibility values that were identical with those used during the Klein and Palmer 
study. Full sample weights were used with SUDAAN so that the descriptive 
estimates would be representative of the US population. Analysis was limited to 
children aged 4 through 20 years. Results: The investigation found six categories 
of susceptibility, with molars being more susceptible than incisors, canines, or 
premolars. In general, susceptibility values declined since the Klein and Palmer 
study, providing additional evidence for a caries decline in the United States. First 
and second molar susceptibility values from the NHANES Ill data, however, 
intersected with those of Klein and Palmer, suggesting that factors specific to the 
molars, such as the selective use of dental sealants on these teeth, might be 
playing an additional role. Conclusions: Future research should explore factors 
that might explain the changes in relative susceptibility values over time. [J Public 
Health Dent 2003;63(3): 1 74-82] 
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In 1941, Klein and Palmer (1) were 
the first to describe the relative suscep- 
tibility to dental caries of various mor- 
phological tooth types. Besides being 
the first of such studies, their investi- 
gation also was unique because the 
analysis accounted for differences in 
the length of time each tooth type was 
in the mouth before it succumbed to 
carious attack. In their study, Klein 
and Palmer found that the mandibular 
molars were most susceptible to cari- 
ous attack, whereas the mandibular 
incisors and canines were leastsuscep- 
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tible. This information was useful be- 
cause it led policy makers and public 
health practitioners to focus attention 
on preventive and restorative meas- 
ures that were tailored to these higher 
risk teeth. 

When Klein and Palmer conducted 
their landmark investigation, the 
prevalence of dental caries was rela- 
tively high in the United States (2). 
Later in the century, however, a series 
of cross-sectional surveys (3-6) began 
to show declines in dental caries 
prevalence among children. Other 

studies showed that these declines 
were accompanied by changes in the 
character and distribution of disease 
(7), and severe disease was becoming 
concentrated in a smaller proportion 
of the child population (8,9). 

Since the 1940s, a number of studies 
have described the relative suscepti- 
bility of teeth to carious attack (10-18); 
however, each of these studies has had 
some notable limitations. Most of the 
studies focused on the susceptibility of 
only tooth surfaces, all used relatively 
small target populations, and none 
replicated Klein and Palmer’s original 
analytical methods. 

The purpose of this investigation is 
to derive current relative susceptibil- 
ity values for various morphological 
tooth types and compare these values 
with those derived from the original 
Klein and Palmer study. Unlike other 
studies that followed Klein and Pal- 
mer’s landmark investigation, this in- 
vestigation used tooth-specific data in- 
stead of tooth surface-specific data, a 
nationally representative sample, and 
Klein and Palmer’s original analytical 
methods. The secondary purpose of 
this investigation was to determine 
whether the decline in dental caries 
prevalence in the United States has 
been accompanied by changes in rela- 
tive susceptibility values for various 
morphological tooth types and to ex- 
plore possible explanations for any 
changes that were observed. 

Methods 
Data Sources. This investigation 

used oral examination data from 
Phases I and I1 of the Third National 
Health and Nutrition Examination 
Survey (NHANES 111) administered 
by the National Center for Health Sta- 
tistics between 1988 and 1994. The oral 
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examination component of the survey 
included a dental caries assessment 
that documented the presence of de- 
cayed, missing, filled, or sealed teeth 
and tooth surfaces among primary 
and permanent teeth. Examinations 
were conducted in mobile trailers by 
trained and calibrated dentists. As 
part of the NHANES I11 dental caries 
assessment, persons aged 2 years or 
older received an extensive examina- 
tion, according to established criteria 
(19-21). The complete plan and opera- 
tion of NHANES 111 has been de- 
scribed elsewhere (6,21-22). 

Klein and Palmer used data from a 
cross-sectional study of public ele- 
mentary schoolchildren in Hager- 
stown, Maryland (23). According to 
the authors, during the time of their 
study, Hagerstown had a population 
of approximately 30,000 persons, of 
whom more than 90 percent were 
white. The city contained several small 
manufacturing and industrial units, 
and included typical retail and whole- 
sale commercial establishments. As 
part of the cross-sectional study, Klein 
and colleagues examined 4,416 chil- 
dren aged 6 through 15 years, or ap- 
proximately 94 percent of the enrolled 
elementary school population. 

Analytical Plan. There were four 
analytical steps in this investigation. 
The methods follow, as closely as pos- 
sible, those described in the original 
Klein and Palmer work (l), so thatre- 
sults might be compared across inves- 
tigations. The following paragraphs 
briefly describe each of the four ana- 
lytical steps; however, the reader is 
encouraged to consult the original 
manuscripts (1,24-26) for additional 
details. 

Step One-Derivation of Eruption 
Schedule. In 1937, Klein and col- 
leagues (24) used a Gaussian normal 
probability curve to derive an erup- 
tion schedule for the permanent teeth. 
The first step involved calculating the 
percentage of the population with 
each tooth type at successive chrono- 
logical ages. Distributions for the right 
and left sides were averaged to com- 
pensate for any variation from one 
side of the oral cavity to the other. 
Once the percentages were compiled 
for each morphological tooth type, the 
percentages were transferred to arith- 
metic probability paper. The x-axis de- 
picted age in years, and the y-axis de- 
picted the percentage of children with 
each tooth type, The y-axis was repre- 

FIGURE 1 
Percentage of Children and Young Adults with Maxillary Permanent First Molar 

Erupted, by Age: United States, 1988-94 
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sented on a log-scale to compensate 
for the Sshaped curve that otherwise 
would result if the y-axis had been 
represented in base-10. The age (x- 
axis) at which the Gaussian curve 
crossed the 50 percent line (y-axis) was 
an estimate of the mean eruption age 
for each tooth type (24). The ages (x- 
axis) during which the Gaussian curve 
crossed the 16.5 percent and 83.5 per- 
cent lines (y-axis) were estimates of the 
standard deviation about the mean for 
each tooth type (the 16.5% and 83.5% 
cut-offs bounded 67 percent of the ob- 
servations-equal to one standard de- 
viation). In deciding whether use of 
the normal probability curve was ap- 
propriate, Klein and colleagues (24, p 
390) concluded: 

There are no inherent reasons for 
using exclusively the normal 
probability curve for expressing 
the eruption of the permanent 
teeth. However, the considera- 
tions which favor the use of the 
normal curve are that this curve 
appears to fit the eruption data 
very satisfactorily, the use of prob- 
ability paper and of the normal 
curve is well known, and, finally, 
a number of advantages may be 
expected to accrue in connection 
with the further application of the 
normal probability theory to data 
on tooth eruption. 

We used the oral examination data 
from NHANES I11 for this step and 

derived an eruption schedule for each 
morphological tooth type. For illustra- 
tive purposes, Figure 1 shows the ap- 
proximatioq to the Gaussian curve for 
the permanent maxillary first molar, 
with the 16.5 percent, 50 percent 
(mean), and 83.5 percent intercepts 
shown. Unlike Klein and colleagues, 
we were unable to assess whether the 
eruption data from NHANES 1111 fit a 
Gaussian curve well, because we did 
not have access to longitudinal erup- 
tion data. Although it is possible that 
eruption times might have changed 
over time, it is likely that approxima- 
tion of the Gaussian curve remained 
valid. 

Step Two-Derivation of Pos- 
teruptive Tooth Age. Klein and col- 
leagues (25) used a double integral 
equation to estimate the cumulative 
number of years each tooth was pre- 
sent in the oral cavity, at any given age. 
They referred to this time period as the 
posteruptive tooth age. Klein and col- 
leagues hypothesized that the integral 
of the Gaussian curve (described in the 
previous section) could provide the 
instantaneous rate of eruption of a 
tooth at any age, or the percentage of 
chddren having a tooth erupted at any 
age. They also reasoned that the per- 
centage of children having a tooth 
erupted across ages could be derived 
from the difference in the integral val- 
ues of the Gaussian curves between 
two ages. Finally, they hypothesized 
that, since chronological age was ex- 
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pressed in terms of time, the double 
integral of the Gaussian curve would 
serve as a mathematical expression for 
the cumulative posteruptive tooth- 
years of exposure for any tooth type. 
According to Klein and Palmer, the 
general form of the equation was: 

dX for values of X from -4.0 to +4.0 
where 
X = ( x  - m,) /am$ 
x=age in years; 
mx=mean eruption age; and 
ornx=standard deviation of mx. 

Klein and colleagues noted that the 
double integral function was an esti- 
mate and did not represent an exact 
value for accumulated years of expo- 
sure (24). They also noted, however, 
that the estimates were sufficiently ac- 
curate (27,28) to be used in steps three 
and four. Again, we used the oral ex- 
amination data from NHANES I11 for 
this step. 

Step Three-Derivation of Cumu- 
lative Number of Decayed, Missing, 
and Filled Teeth and Cumulative 
Posteruptive Tooth Age. We used the 
NHANES I11 data set to derive age- 
specific percentages of children with 

decayed, missing, and filled perma- 
nent teeth, for each morphological 
tooth type. Values for the right and left 
sides were averaged to account for any 
variation from one side of the arch to 
the other. Afterwards, we converted 
these percentage values into the 
number of teeth that were decayed, 
missing, and filled. The conversion 
was accomplished by multiplying the 
percentage values by the mean 
number of teeth that were present in 
the oral cavity, at mid-year intervals. 
To derive the cumulative number of 
decayed, missing, and filled teeth, we 
sequentially added the number of de- 
cayed, missing, and filled teeth across 
age groups.  We  also used the 
NHANES I11 data to estimate the cu- 
mulative number of years that each 
morphological tooth type had been ex- 
posed in the mouth after eruption. 

Step Four-Derivation of Relative 
Susceptibility Values. In 1941, Klein 
and colleagues (1) described a tech- 
nique by which relative susceptibility 
values for the various morphological 
tooth types could be represented 
graphically. To derive the relative sus- 
ceptibility values, two forms of data 
were assembled in a single chart. The 
first form of data (y-axis) consisted of 
the cumulative number of decayed, 

missing, and filled teeth, per 100 chil- 
dren of successive chronological age. 
These data came from Step Three. The 
second form of data (x-axis) consisted 
of the cumulative posteruptive tooth 
age, per 100 children of successive 
chronological age. These data also 
came from Step Three. The placement 
of the resultant curves on the graph 
showed the relative susceptibility to 
dental caries of the various morpho- 
logical tooth types-curves with a flat- 
ter slope represented less susceptibil- 
ity to disease than did those with a 
steeper slope. Klein and colleagues 
combined curves with similar slopes 
into common susceptibility categories. 
We used the same approach. 

Statistical Analysis and Sample 
Weights. Statistical analysis was con- 
ducted using SUDAAN (29), a statisti- 
cal software program for the personal 
computer. Full sample weights were 
used during each of the analytical 
steps so that estimates would be rep- 
resentative of the US civilian, noninsti- 
tutionalized population. We limited 
all analyses to persons aged 4 through 
20 years. 

Results 
Eruption Schedule. For the maxil- 

lary arch, the mean eruption ages 

TABLE 1 
Function X, Mean Percentage of Children with Permanent Maxillary Teeth Erupted at Mid-year Interval (%I), and 

Posteruptive Tooth Age (PE), by Tooth Type and Mid-year Age: United States, 1988-94 [cont. p 1771 

Central Incisor 

Age 

4.5 
5.5 
6.5 
7.5 
8.5 

10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 

9.5 , 

X %I PE 

-2.3 1.7 0.0 
-1.3 9.5 0.0 
-0.1 40.0 0.3 

1.0 85.0 1.1 
2.1 98.8 2.1 
3.3 loo 3.3 
4.4 loo 4.3 
5.5 100 5.3 
6.7 100 6.3 
7.8 100 7.3 
8.9 100 8.3 

10.1 100 9.3 
11.2 100 10.3 
12.3 100 11.3 
13.5 100 12.3 
14.6 100 13.3 

- ___- ~ 

~~ 

Lateral Incisor Canine First Premolar 

X %I PE X %I PE X %I PE 

0.6 0.0 -4.8 0.0 0.0 4 . 3  0.0 0.0 
3.5 0.0 -4.0 0.0 0.0 -3.5 0.0 0.0 

0.0 0.0 -2.7 0.0 0.0 
-0.1 44.0 0.4 -2.4 1.2 0.0 -1.9 3.2 0.0 
0.8 79.8 0.9 -1.6 4.4 0.0 -1.1 11.5 0.1 
1.7 94.9 1.8 -0.9 17.5 0.1 -0.3 36.0 0.3 
2.7 98.6 2.7 -0.1 47.0 0.4 0.5 66.0 0.7 
3.6 99.4 3.6 0.7 70.5 0.8 1.3 88.5 1.3 

4.6 1.5 88.0 1.5 2.1 98.7 2.1 4.5 100 
5.4 100 5.6 2.3 96.9 2.3 2.8 100 2.8 
6.3 100 6.6 3.0 100 3.0 3.6 100 3.6 
7.3 100 7.6 3.8 100 3.8 4.4 loo 4.6 
8.2 100 8.6 4.6 100 4.8 5.2 100 5.6 
9.1 100 9.6 5.4 100 5.8 6.0 100 6.6 

10.0 loo 10.6 6.2 100 6.8 6.8 100 7.6 
10.9 100 11.6 6.9 100 7.8 7.6 100 8.6 

~ _ _ _ _  

___ ~- ~ ~ ____. ___ ~ 

-2.8 
-1 $9 
-1 .o 15.0 0.1 -3.2 

Source: National Center for Health Statistics, Third National Health and Nutrition Examination Survey 
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were: central incisor=6.6 years (one 
standard deviation [SDJ range=5.7-7.5 
years), lateral incisor=7.6 years (one 
SD range=6.6-8.6 years), canine=10.6 
years (one SD range=9.3-11.9 years), 
first premolar=9.9 years (one SD 
range=8.7-11.1 years), second premo- 
lar=10.7 years (one SD range=9.3-12.1 
years), first molar=5.8 years (one SD 
range=5.1-6.5 years), and second mo- 
lar=11.5 years (one SD range= 
10.2-12.8 years). For the mandibular 
arch, the mean eruption ages were: 
central incisor=5.7 years (one SD 
range=4.8-6.6 years), lateral inci- 
sor=6.8 years (one SD range=5.8-7.8 
years), canine=9.8 years (one SD 
range=8.6-11.0 years), first premo- 
lar=9.9 years (one SD range=8.7-11.1 
years), second premolar=10.7 years 
(one SD range=9.4-12.0 years), first 
molar=5.7 years (one SD range= 
4.8-6.6 years), and second molar=10.9 
years (one SD range=9.8-12.0 years). 

Posteruptive Tooth Age. Table 1 
contains posteruptive tooth age (PE) 
data for the maxillary arch. In general, 
the permanent maxillary first molars 
were the first to erupt into the maxil- 
lary arch and had the highest post- 
eruptive tooth age among those aged 
19.5 years. The permanent maxillary 
central and lateral incisors followed 

FIGURE 2 
Number of Decayed, Missing,and Filled Teeth vs Years of Accumulated 

Posteruptive Tooth Age: United States, 1988-94 
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closely behind. The permanent maxil- 
lary canine, first premolar, second pre- 
molar, and second molar were among 
the last tooth types to erupt into the 
maxillary arch. 

Table 2 contains PE values for the 
mandibular arch. In general, the pat- 
tern of eruption and posteruptive 

tooth age was the same in the 
mandibular arch as it was in the max- 
illary arch. The first molars, central 
incisors,and lateral incisors were gen- 
erally the first to erupt, whereas the 
canines, premolars, and second mo- 
lars erupted several years afterwards. 
Among those aged 19.5 years, the cu- 

TABLE 1 
Function X, Mean Percentage of Children with Permanent Maxillary Teeth Erupted at Mid-year Interval (%I), and 

Posteruptive Tooth Age (PE), by Tooth Type and Mid-year Age: United States, 1988-94 [cont.frorn p 1761 

4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 

Second Premolar First Molar Second Molar - 
X %I PE X %I PE X %I PE 

4 . 4  0.0 0.0 -1.8 3.9 0.0 -5.7 0.0 0.0 
-3.7 0.0 0.0 -0.4 29.0 0.2 4 . 9  0.0 0.0 
-3.0 0.0 0.0 0.9 79.0 1 .o 4.1 0.0 0.0 
-2.3 1.2 0.0 2.3 88.6 2.3 -3.3 0.0 0.0 
-1.6 4.8 0.0 3.7 100 3.7 -2.4 0.0 0.0 
-0.9 17.6 0.1 5.0 100 4.7 -1.6 3.0 0.0 
-0.1 40.1 0.3 6.4 100 5.7 -0.8 20.0 0.1 
0.5 69.0 0.7 7.8 100 6.7 0.0 50.0 0.4 
1.2 89.8 1.3 9.2 100 7.7 0.9 74.1 1 .o 
2.0 93.6 2.0 10.5 100 8.7 1.7 91.6 1.7 
2.7 100 2.7 11.9 100 9.7 2.5 100 2.5 
3.4 100 3.4 13.3 100 10.7 3.3 100 3.5 
4.1 100 4.4 14.6 100 11.7 4.2 100 4.5 
4.8 100 5.4 16.0 100 12.7 5.0 100 5.5 
5.5 100 6.4 17.4 100 13.7 5.8 100 6.5 
6.2 100 7.4 18.7 100 14.7 6.6 100 7.5 

- ~- -~ 

Source: National Center for Health StatiStics, Third National Health and Nutrition Examination Survey 
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TABLE 2 
Function X, Mean Percentage of Children with Permanent Mandibular Teeth Erupted at Mid-year Interval (%I), and 

Posteruptive Tooth Age (PE), by Tooth Type and Mid-year Age: United States, 1988-94 [cont. p 1791 

4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 

Central Incisor Lateral Incisor Canine First Premolar 

X %I PE X %I PE X %I PE X %I PE 

-1.5 3.9 0.0 -2.4 0.0 0.0 -4.3 0.0 0.0 4 . 7  0.0 0.0 
-0.2 23.9 0.3 -1.4 2.0 0.0 -3.5 0.0 0.0 -3.8 0.0 0.0 

0.9 74.1 1.0 -0.3 17.2 0.3 -2.6 0.0 0.0 -2.9 0.0 0.0 
2.2 88.7 2.2 0.7 52.0 0.9 -1.8 0.4 0.0 -2.1 0.0 0.0 
3.4 100 3.4 1.8 85.5 1.8 -1.0 2.8 0.1 -1.2 0.4 0.0 
4.6 100 4.4 2.8 100 2.8 -0.2 31.8 0.3 -0.3 55.7 0.2 
5.8 100 5.4 3.9 100 3.9 0.6 46.1 0.7 0.5 38.1 0.7 
7.0 100 6.4 5.0 100 43.9 1.4 93.4 1.4 1.4 76.0 1.4 
8.2 100 7.4 6.0 100 5.9 2.2 100 2.2 2.2 100 2.2 
9.4 100 8.4 7.1 100 6.9 3.0 100 3.0 3.1 100 3.1 

10.6 100 9.4 8.1 100 7.9 3.8 100 3.8 4.0 100 4.0 
11.8 100 10.4 9.2 100 8.9 4.6 100 4.8 4.8 100 5.0 
13.0 100 11.4 10.2 100 9.9 5.4 100 5.8 5.7 loo 6.0 
14.2 100 12.4 11.3 100 10.9 6.2 100 6.8 6.5 100 7.0 
15.4 100 13.4 12.3 100 11.9 7.0 100 7.8 7.4 loo 8.0 
16.6 100 14.4 13.4 100 12.9 7.8 100 8.8 8.2 100 9.0 

_ ~ _ _ _ _ ~ .  ~~ ~ _ _ _ _ _ _  

~ 

Source: National Center for Health Statistics, Third National Health and Nutrition Examination Survey. 

mulative posteruptive tooth age for 
the mandibular arch was slightly 
higher than was that for the maxillary 
arch (Table 3); 

Relative Susceptibility to Dental 
Caries. The relative susceptibility to 
dental caries of the different morpho- 
logical permanent tooth types is 
shown in Figure 2. Six categories of 
susceptibility were apparent: Cate- 
gory 1: mandibular second molar (rep- 
resenting the most susceptible tooth 
type); Category 2 maxillary first and 
second molars and mandibular first 
molar; Category 3: maxillary and 
mandibular second premolars; Cate- 
gory 4: maxillary and mandibular first 
premolars; Category 5: maxillary cen- 
tral and lateral incisors; and Category 
6: maxillary and mandibular canines 
and mandibular central and lateral in- 
cisors (representing the least suscepti- 
ble tooth types). In general, the pattern 
of eruption and posteruptive tooth age 
was the same in the mandibular arch 
as it was in the maxillary arch. The first 
molars, central incisors, and lateral in- 
cisors were generally the first to erupt, 
whereas the canines, premolars, and 
second molars erupted several years 
afterwards. Among those aged 19.5 
years, the accumulated posteruptive 
tooth age for the mandibular arch was 
slightly higher than that for the maxil- 

lary arch (Table 3). This difference was 
due to the fact that the permanent 
mandibular teeth generally erupted 
into the oral cavity before the maxil- 
lary teeth erupted. 

Discussion 
In general, both this investigation 

and the original Klein and Palmer 
study found the molar teeth to be 

much more susceptible than the inci- 
sor or canine teeth; however, a number 
of differences between this investiga- 
tion and the original study were worth 
noting. For example, this investigation 
found six categories of susceptibility, 
whereas Klein and Palmer identified 
five categories. One possible explana- 
tion for this difference is that the sam- 
ple size used in this investigation 

FIGURE 3 
Comparison of First Molar Curves by Source of Data 
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TABLE 2 
Function X, Mean Percentage of Children with Permanent Mandibular Teeth Erupted at Mid-year Interval (%I), and 

Posteruptive Tooth Age (PE), by Tooth Type and Mid-year Age: United States, 1988-94 [cont.pom p 1781 ____ - 

Second Premolar First Molar Second Molar 

X %I PE X %I PE X %I PE 

4.5 -4.9 0.0 0.0 -1.6 0.2 0.0 4 . 0  0.0 0.0 
5.5 -4.1 0.0 0.0 -0.3 28.5 0.3 -5.1 0.0 0.0 
6.5 -3.3 0.0 0.0 0.9 71.8 1 .o -4.1 0.0 0.0 
7.5 -2.5 0.0 0.0 2.2 88.9 2.2 -3.2 0.0 0.0 
8.5 -1.7 0.0 0.0 3.5 100 3.5 -2.3 0.0 0.0 
9.5 -0.9 11.9 0.1 4.7 100 4.5 -1.3 1.3 0.0 
10.5 -0.1 24.1 0.3 6.0 100 5.5 -0.4 7.0 0.2 
11.5 0.6 59.2 0.8 7.3 100 6.5 0.5 56.4 0.7 
12.5 1.4 93.2 1.5 8.5 100 7.5 1.5 91.1 1.5 
13.5 2.2 93.2 2.2 9.8 100 8.5 2.4 95.0 2.4 
14.5 3.0 100 3.0 11.1 100 9.5 3.3 100 3.3 
15.5 3.8 100 3.8 12.3 100 10.5 4.3 100 4.3 
16.5 4.6 100 4.8 13.6 100 11.5 5.2 100 5.3 
17.5 5.4 300  5.8 14.9 100 12.5 6.1 100 6.3 
18.5 6.2 100 6.8 16.1 100 13.5 7.1 100 7.3 
19.5 7.0 100 7.8 17.4 100 14.5 8.0 100 8.3 

--_____-- - Age 

- 
Source: National Center for Health Statistics, Third National Health and Nutrition Examination Survey. 

TABLE 3 
Cumulative Posteruptive Tooth Age for One Side of Oral Cavity and Both Sides 

of Oral Cavity, per 100 Children, by Arch and Mid-year Age: United States, 
1988-94 

___ 

Accumulated Posteruptive Tooth Age per 100 Children 

Maxillary Arch Mandibular Arch 

Age 1 Side Both Sides 1 Side Both Sides 

4.5 0.0 0.0 0.0 0.1 
5.5 0.3 0.6 0.6 1.2 
6.5 1.5 2.9 2.3 4.7 
7.5 3.8 7.5 5.3 10.6 
8.5 6.9 13.8 8.8 17.6 
9.5 10.2 20.4 12.4 24.7 
10.5 14.1 28.2 16.8 33.5 
11.5 18.8 37.6 22.1 44.2 
12.5 24.4 48.8 28.1 56.3 
13.5 30.3 60.6 34.4 68.9 
14.5 36.4 72.8 40.9 81.7 
15.5 42.9 85.7 47.7 95.3 
16.5 49.9 99.7 54.7 109.3 
17.5 56.9 113.7 61.7 123.3 
18.5 63.9 127.7 68.7 137.3 
19.5 70.9 141.7 75.7 151.3 

Source: National Center for Health Statistics, Third National Health and Nutrition Examination 
Survey. 

(-10,500 children) was larger than the 
sample size used by Klein and Palmer 
(-6300 children). The larger sample 
size might have provided a greater 
ability to differentiate variation 
among the various morphological 
tooth types. 

A second difference between the 
two studies was a change in relative 
susceptibility values. In the Klein and 
Palmer study, for example, the 
mandibular first premolar was less 
susceptible than the maxillary central 
and lateral incisors, whereas in this 
investigation, the mandibular first 
premolar was more susceptible than 
either of the other tooth types. One 
explanation is that while reductions in 
dental caries prevalence have oc- 
curred for all tooth surfaces, percent 
reductions have been greatest among 
smooth surfaces (30). Given that 
mandibular first premolars have a 
greater number of pit-and-fissure sur- 
faces than do the maxillary central or 
lateral incisors, the relative percent re- 
duction in dental caries prevalence ex- 
pected for the premolars could explain 
the change in relative susceptibility 
across the two studies. 

A third difference was that the gap 
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in relative susceptibility values be- 
ween first and second molars in the 
Klein and Palmer study was minimal, 
whereas the gap in relative suscepti- 
bility values between first and second 
molars was substantial in this investi- 
gation, particularly among mandibu- 
lar molars (Figure 3). It is possible that 
the advent of dental sealants as a pre- 
ventive measure has resulted in this 
shift in susceptibility over time. Recent 
national data (31) have shown that 
mandibular first molars are more 
likely to receive a sealant than are 
mandibular second molars. Dental 
sealants provide nearly complete pro- 
tection from dental caries when they 
are placed over the pits and fissures of 
susceptible teeth (32,33). It is possible 
that the selective use of dental sealants 
on mandibular first molars reduced 
the relative susceptibility of these 
teeth to a point equal to the relative 
susceptibility of mandibular second 
molars found during the Klein and 
Palmer study. If dental practitioners 
had been equally likely to place dental 
sealants on mandibular second mo- 
lars, perhaps the relative susceptibility 
of these teeth might have been re- 
duced, as well. 

A final difference between the two 
studses was that the slopes for most of 
the susceptibility curves were less 
steep in this investigation than they 
were in the Klein and Palmer study. 
Specifically, the slopes for the curves 
of the maxillary and mandibular pre- 
molar, canine, and incisor from this 
investigation were consistently flatter 
than were the slopes for similar tooth 
types from the Klein and Palmer 
study, regardless of posteruptive 
tooth age (data not shown). This find- 
ing provided additional evidence of a 
decline in dental caries experience 
among children and young adults in 
the United States over the last several 
decades. 

For some morphological tooth 
types, however, the slopes of the 
curves from this investigation were 
more steep than were those from the 
study. Figure 4 shows the side-by-side 
comparison of maxillary and 
mandibular first molar data from each 
investigation. The slopes for the Klein 
and Palmer curves were more steep 
than the NHANES I11 curves from 0 
years of cumulative posteruptive 
tooth age through approximately 800 
to 1,000 years of cumulative posterup- 
tive tooth age, a difference that sup- 

FIGURE 4 
Comparison of Second Molar Curves by Source of Data 

- - ______- 

8 r 801 

70 

60 

50 

5 40 

30 

Kleln and Palmer study 
Mandibular 2nd molar 

- Maxillary 2nd molar 

n 
NHANES Ill 
Mandibular 2nd molar 

2 20 

5 10 Maxillary 2nd molar z 
0 

Years of accumulated post-eruptive tooth age, 
per 100 children 

0 300 600 900 1200 1500 

FIGURE 5 
Comparison of First and Second Molar Curves by Source of Data - __ __- -___I____ _ _ _ _ - ~ -  

110 
c Mandibular 1st molar 

; 90 ! W n  end Pa&wAu& 
- Maxillary 1st molar 

- - -  Mandibular 1st molar 

2 100 

8 80 
Maxillary 1st molar v- & 70 

60 x 50 - Mandibular 2nd molar k 40 Maxillary 2nd molar 
c3 

- 
30 

NHANES 111 flu& 
Mandibular 2nd molar 
Maxillary 2nd molar 

3 20 

5 10 
2 

0 

Years of accumulated post-eruptive tooth age, 
per 100 children 

0 300 600 900 1200 1500 

ported a decline in dental caries preva- 
lence over time. The curves, however, 
overlapped at the 800 to 1,000 pos- 
teruptive tooth age mark, and as years 
of accumulative posteruptive tooth 
age increased, the NHANES 111 curves 
assumed a higher relative suscep tibil- 
ity position than did the Klein and 
Palmer curves. The intersection of the 
curves suggested that factors explain- 
ing a decline in dental caries preva- 
lence might have had a greater effect 
during the first five to 10 years pos- 
teruption than they might have had 
later in the tooth's posteruptive life. 

The intersection also might have 
been explained by a cohort effect. For 

example, shorter periods of posterup- 
tive tooth age (x-axis) also reflected 
children who were born more re- 
cently, during a time when preventive 
services such as dental sealants were 
more prevalent than they were five to 
10 years earlier (30). The fact that the 
relative susceptibility curves from this 
investigation appear to have a con- 
stant slope beyond 1,000 years of cu- 
mulative posteruptive tooth age may 
be less a reflection of constant suscep- 
tibility, and more a reflection of rela- 
tively dramatic reductions in suscepti- 
bility among children born more re- 
cently. Perhaps contemporary suscep- 
tibility curves illustrate an evolving 
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process, one in which reductions in 
relative susceptibility found during 
shorter periods of posteruptive tooth 
age will eventually occur during 
longer periods of posteruptive tooth 
age into the future. It will be interest- 
ing to test whether the observed level- 
ing of the susceptibility curves in the 
Klein and Palmer study will occur in 
the United States over time. 

Figure 5 shows a comparison of 
maxillary and mandibular second mo- 
lar data from each study. Here again, 
for higher values of cumulative post- 
eruptive tooth age, the slopes for the 
NHANES I11 curves were more steep 
than were those for the Klein and Pal- 
mer curves. It is likely that the intersec- 
tion of curves might be explained by 
the same factors described in the pre- 
ceding paragraph. 

This investigation had a number of 
limitations. The first was that this in- 
vestigation did not provide explana- 
tions for changes in relative suscepti- 
bility. We have already mentioned a 
few likely explanations, such as fluo- 
ride and dental sealants, but changes 
could have been explained equally 
well by diet, treatment philosophies, 
access to dental care, dental insurance, 
and other factors. 

The second limitation was that since 
children were not followed over time, 
the cross-sectional NHANES 111 data 
provided only an estimate of suscepti- 
bility. Although the use of cross-sec- 
tional data was a limitation, it repre- 
sented a more economical approach to 
the research problem, given the costs 
that would have been incurred by a 
longitudinal study. 

The third limitation was that 
NHANES 111 did not match its dental 
caries scoring criteria with that of the 
original Klein and Palmer investiga- 
tion. Although the scoring criteria 
were not identical, both the Klein and 
Palmer (26) and NHANES I11 dental 
caries assessments (6) were based on 
lesions into the dentin. Thus, it would 
be unlikely that scoring differences 
would have affected the relative place- 
ment of curves across studies. 

The fourth limitation was that the 
sampling methods for this investiga- 
tion did not match those of the Klein 
and Palmer study. We used children 
aged 4 through 20 years, whereas 
Klein and Palmer used children aged 
6 through 15 years. In addition, we 
used a sample that was representative 
of all civilian, noninstitutionalized 

persons in the United States, whereas 
Klein and colleagues used a study 
population that was primarily white 
and represented a middle-income 
population in a relatively small Mary- 
land town. It is possible that gaps in 
relative susceptibility could have been 
explained by differences in sample 
composition between the two study 
populations. If study methods were 
the primary explanation of differences 
across investigations, then less cre- 
dence would be given to the potential 
impact of fluoride, dental sealants, 
and other oral health-related factors 
on the difference. At this point, it is 
impossible to know how much of an 
influence differences in study meth- 
ods had on the results of this investi- 
gation. We believe that the findings 
from this investigation are still useful, 
however, as they are more repre- 
sentative of the United States than are 
the findings from the Klein and Pal- 
mer study and, as such, are more valid. 

This investigation also has a 
number of strengths. The NHANES I11 
data used in this investigation were 
representative of the US civilian, non- 
institutionalized population, and thus 
were able to compensate for variations 
in race, ethnicity, and sociode- 
mographics. In addition, the reliability 
scores for the oralexaminationcompo- 
nent of NHANES I11 were generally 
very high (6), an indication that the 
permanent teeth were scored consis- 
tently. Finally, because our investiga- 
tion used the same methods and ana- 
lytical techniques employed in the 
Klein and Palmer study, comparisons 
across studies were appropriate. 

In summary, this investigation de- 
rived dental caries susceptibility val- 
ues for the various morphological 
tooth types from a current and nation- 
ally representative dataset. The study 
revealed six categories of susceptibil- 
ity, with molars being more suscepti- 
ble to dental caries than incisors, ca- 
nines, or premolars. The study also 
showed that the decline in dental car- 
ies prevalence has been accompanied 
by changes in the relative susceptibili- 
ties of the various morphological tooth 
types over time. Preventive measures, 
such as dental sealants and fluorides, 
were likely explanations for the 
changes in overall susceptibility and 
relative susceptibility (34). As molars 
remain the most susceptible morpho- 
logical tooth types to dental caries in 
the oral cavity, future research should 

explore the specific factors that are re- 
sponsible for this finding. In addition, 
designers of future longitudinal stud- 
ies should consider using their inves- 
tigations to assess susceptibility, if the 
opportunity arises. 
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