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Incisor Crowding in Untreated Persons 15-50 Years of Age:

United States, 19881994

Peter H. Buschang, MA, PhD#;, Jay D. Shulman, DMD, MA, MSPHP

Abstract: The purpose of this study was to (1) describe the prevalence of mandibular incisor irregularity
(I1) among untreated adults in the United States and (2) evaluate the factors explaining individual differ-
ences in Il. Data were derived for a random sample of 9044 individuals (49% male and 51% female; 35%
Mexican American, 34% black, and 31% white) between 15 and 50 years of age collected as part of the
Third National Health and Nutrition Examination Survey. Although the differences were small (0.5 mm),
males had significantly greater |1 than did females; blacks showed less Il than did whites (0.9 mm) and
Mexican Americans (1.1 mm). Family income was negatively related with 1. Incisor irregularity increased
in a curvilinear fashion with age, with the greatest increases occurring during early adulthood. Although
the number of premolars and molars (first and second) were positively related with I1, the presence of
third molars had a negative effect on I1. Multivariate Poisson regression analyses showed that the ethnicity,
the number of first and second molars, sex, and age combined to explain differences in 1. Odds ratios
were relatively low, indicating that these factors explained relatively small amounts of between-subject
variation. We conclude that (1) approximately 50% of individuals in the United States who were 15-50
years of age have little or no 11, 23% have moderate |1, and 17% have severe irregularity, (2) erupted third
molars are not associated with increased crowding, (3) crowding increases most during early adulthood,
and (4) athough individual differences in crowding are multifactorial, the primary determinants remain

unidentified. (Angle Orthod 2003;73:502-508.)
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INTRODUCTION

Even though crowding represents the most common type
of malocclusion and the greatest concern of orthodontists
for posttreatment stability, limited information exists per-
taining to the prevalence of the problem and the sources
explaining variation among adults. The Third Nationa
Health and Nutrition Examination Survey 1988-1994
(NHANES I11) was the first national survey of occlusal
characteristics among adults. The design of the NHANES
11 maximized the precision of sampling for whites, blacks,
and Mexican Americans.
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Findings from the preliminary NHANES Il data re-
lease,* based on occlusal examinations performed on more
than 7000 individuals 8-50 years of age collected during
the first half of the survey, showed that 21.9% of the pop-
ulation in the United States had a zero mandibular incisor
irregularity index (I1); approximately 30% had clinically
significant irregularity, and 15% had severe irregularity.
The 1988-1991 data also showed that males have signifi-
cantly greater 11 than do females, thereby clarifying earlier
assessments suggesting no differences? or greater irregular-
ity among females.>* Consistent with the earlier NCHS re-
ports,2® the NHANES Il showed greater 1| among whites
than among blacks. No differencesin Il were noted between
Mexican Americans and whites. Finaly, the NHANES I11
showed that mandibular Il increased with age, from 1.6 mm
between 8 and 11 years to 25 mm between 12 and 17
years, and then to 3.0 mm between 18 and 50 years. Lon-
gitudinal studies have also shown that the incisors become
more crowded after the permanent dentition is estab-
lished.>4* Importantly, the preliminary NHANES |11 data
release! evaluated only alimited number of potential sourc-
es of variation that might be expected to influence incisor
irregularity, and the estimates were based on a subset of
the data collected between 1988 and 1991. Focusing on the
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adult population, the present study uses al the data from
the 1988-1994 NHANES |1l study to estimate the preva-
lence of Il and to identify sources explaining individua
differencesin irregularity. The sample size and design make
it possible to estimate extreme percentiles, obtain more re-
liable population parameter estimates, simultaneously eval-
uate multiple sources of variation, and develop multivariate
models of factors and their interactions.

MATERIALS AND METHODS

We used publicly available data from the Household
Youth Questionnaire and Examination files of NHANES
[11. The NHANES Il was a periodic survey conducted by
the National Center for Health Statistics between 1988 and
1994, based on a complex, multistage sampling plan. It was
designed to provide national estimates of the heath and
nutritional status of the United States' civilian, noninstitu-
tionalized population aged two months and older.*2** From
19,528 randomly selected households, 33,994 subjects were
interviewed, 30,818 were examined in mobile examination
centres, and 493 were examined at home. Calibrated phy-
sicians and dentists performed all examinations, and exten-
sive health, social, and nutritional histories were obtained
by interviewing the subjects or their parents. A detailed
discussion of the survey methods is presented in Drury et
a|_14

Our sample includes a total of 9059 individuals repre-
senting a population of approximately 95 million (weighted
count). They were selected from the larger sample based
on the following:

+ al six mandibular incisors and canines present and fully
erupted;

* ages between 15 and 50;

* occlusal examination performed as part of oral exami-
nation; and

* no previous orthodontic treatment.

Occlusal variables

The distances between five anatomic contact points from
canine to canine were measured using a periodontal probe
graduated in millimeters and summed to represent the ir-
regularity index of Little.*> Both the teeth defining a contact
had to have erupted to the level of the occlusal plane. Spac-
ing between contact points of teeth that were aligned was
scored as zero.

Statistical analyses

For univariate analyses, we used SUDAAN 7.54 to com-
pute variance estimates, adjusting for the complex survey
design. We used generalized estimating equations (GEE),
adjusting for the effect of clustering by household, with a
Poisson distribution, a log link, and an exchangeable work-
ing correlation structure (PC-SAS GENMOD) to describe

the relationship between mandibular 11 and sex, ethnic
group (non-Hispanic white, non-Hispanic black, Mexican
American), age (5-year bands), 12-month family income
(=$20,000; >%$20,000), and the number of mandibular mo-
lars and premolars. We described the effect of each inde-
pendent variable in terms of the odds ratio and used least
square means to estimate adjusted mean Il for each level
of the categorica covariates. The odds ratio is the ratio of
the odds of crowding for the one group (eg, males) relative
to the odds of crowding in the control or reference group
(eg, females). It is interpreted as how much more (or less)
likely a group is to have the condition of interest (eg, man-
dibular 11) than the control or reference groups. An odds
ratio of 1 indicates that the groups have equal odds of hav-
ing mandibular 11, an odds ratio of 2 indicates that a group
has twice the odds of having a condition, and an odds ratio
of <1 indicates that a group has lower odds of having a
condition than does the control or reference group.

For those independent variables from the bivariate re-
gressions with a Wald chi-sgquare P < .25, we fitted a mul-
tivariate GEE Poisson model using a forward selection ap-
proach to identify a model that explained the individual and
combined contributions of the most parsimonious set of
variables.*® Variables were added one at atime starting with
the independent variable with the strongest association with
mandibular |1 (greatest Wald chi-square) and those with a
P > .10 were removed. First- and second-order interactions
were tested. Odds ratios, least square means adjusted for
the effect of the other variables in the model, and a chi-
square test for the difference between least square means
were determined.

RESULTS

Approximately 22% of the individuals 15-50 years of
age had moderate (4—7 mm) |1, and almost 17% had severe
(=7 mm) Il (Figure 1). Less than 1% of untreated adults
had an Il =15 mm. The distribution of mandibular 1l was
significantly (P < .001) skewed and leptokurtotic (P <
.001). Tables 1 and 2 provide percentile distributions for
mandibular 11 by sex, ethnicity, income, age, and humbers
of posterior teeth present.

Table 3 shows sample size, projected population size,
mean irregularity, and the 95% confidence interval, as well
as the bivariate odds ratio and P value for the variables
used in the modelling procedures. Males had greater irreg-
ularity than did females (P < .0001). The odds ratio of
1.13 indicates that males had 13% greater odds of having
mandibular Il than did females. Blacks had less irregularity
than did whites (P < .0001) and 29% lower odds of having
mandibular 11 (P < .001) than did the Mexican American
reference group. Subjects from households with the lowest
yearly incomes (=$20,000) had more irregularity than did
those with higher incomes (P = .001). Incisor irregularity
generaly increased with age, although the odds ratios were
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FIGURE 1. Frequencies of mandibular incisor irregularity of untreated individuals in the United States 15-50 years of age.

TABLE 1. Sex, Age, Income and Ethnic Differences in Percentile Distributions of Mandibular Incisor Irregularity (mm) of Untreated Subjects

Minimum 5% 10% 25% 50% 75% 90% 95% Maximum

Sex differences

Males 0 0 0 1 3 5 9 11 28

Females 0 0 0 1 2 5 8 10 24
Ethnic differences

Whites 0 0 0 1 3 6 9 11 21

Blacks 0 0 0 1 2 4 7 9 28

Mexican American 0 0 1 1 3 6 9 11 28
Income differences

LE 20K 0 0 0 1 2 5 8 11 24

GT 20K 1 3 11 28
Age differences

15-19 0 0 0 1 2 5 8 11 26

20-24 0 0 0 1 2 5 8 11 28

25-29 0 0 0 1 2 5 9 11 21

30-34 0 0 0 1 3 5 8 11 21

35-39 0 0 0 1 3 5 8 10 21

40-44 0 0 0 1 3 5 9 11 24

45-50 0 0 0 1 3 5 8 10 18

weak. Individuals who were 30—-40 years of age had sig-
nificantly more irregularity than did those in the reference
(1520 years of age) group.

Approximately 6% and 8% of the population had missing
second or first premolars, respectively. Missing molarswere
more prevalent, with 24% missing one or both first molars,
19% missing second molars, and 65% missing one or both
third molars. With the exception of third molars, subjects
with fewer posterior teeth had lower odds of crowding than
did those with more teeth. The odds of having increased
irregularity were greater for subjects without third molars
than for those with third molars.

Angle Orthodontist, Vol 73, No 5, 2003

Multivariate model

Having determined their individua contributions, the
sources of variation were evaluated simultaneously to de-
termine their relative contribution. Table 4 shows the odds
ratios, least square means, 95% confidence intervals, and
chi-square tests for differences between the least sguare
mean estimates. Income, first and second premolars, and
third molars did not meet the P < .10 retention criterion
and were excluded from the final model. None of the in-
teractions was statistically significant.

Least square mean differences increased rapidly from the
15-20 age group to the 30—-35 age group, continued to in-
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TABLE 2. Distribution of Mandibular Incisor Irregularity (mm) of
Untreated Subjects Based on Number (N) of Teeth Present

Mini- Maxi-
N  mum 5% 10%25%50% 75% 90% 95% mum
Premolars
First 0 0 0O 0 0O 2 43 7 93 10
1 0 0O 0 1 2 4 6 7 12
2 0 0O 0 1 3 5 8 11 28
Second O 0 o o0 1 2 4 7 9 16
1 0 0O 0 1 2 4 7 8 15
2 0 0O 0 1 3 5 8 11 28
Molars
First 0 0 0O 0 1 2 4 6 7 17
1 0 0O 0 1 2 5 8 10 21
2 0 0O 0 1 3 6 9 11 28
Second O 0 0O 0 1 2 4 6 8 17
1 0 0O 0 1 2 5 7 10 21
2 0 0O 0 1 3 5 9 11 28
Third 0 0 0O 0 1 3 6 9 11 28
1 0 0O 0 1 3 5 8 11 21
2 0 0O 0 1 2 5 8 10 26

crease through the 40-45 year group and then decreased
markedly for the 45-50 age group. Males had 0.33 mm
more crowding than did females. Whites had slightly less
crowding, and blacks had significantly less (0.70 mm)
crowding than did Mexican Americans. Crowding also in-
creased with increasing numbers of first and second molars.
On the basis of the multivariate odds ratios, ethnicity was
the most important variable explaining variation in 1. The
first and second molars, sex, and age showed lower odds
ratios.

DISCUSSION

The results provide the best estimates and the most de-
tailed percentile distributions of the mandibular Il of un-
treated individuals who were 15-50 years of age and resid-
ing in the United States. Importantly, they show that crowd-
ing is not ubiquitous; 17% of the untreated population had
zero Il and amost 50% had an Il =2 mm (Figure 1). Al-
though adult estimates were not provided, the preliminary
NHANES 111 report showed that 21.9% and 59.5% of the
individuals in the United States between 8 and 50 years of
age had zero mm and less than or equal to two mm I,
respectively.! Kelly and Harvey? estimated that 13.4% of
the population in the United States, 12—17 years of age, had
no obvious tooth displacements or rotations. The differenc-
es between our adult estimates and the preliminary NHA-
NES results may be due to higher prevalence of aligned
teeth among children and adolescents.

We showed that slightly less than 40% of untreated adults
have clinically relevant amounts (=4 mm) of Il and 17%
have severe (=7 mm) crowding. On the basis of the 2000
US Census population estimates, this suggests that there are
approximately 56 million individuals in the United States

who are 15-50 years of age with clinical crowding and
approximately 24 million with severe crowding. This is a
large segment of the population for whom treatment might
be deemed necessary. The preliminary NHANES I11* re-
ported substantially fewer individuals with severe irregu-
larity, which again may be attributed to the younger indi-
viduals included in their estimates.

Although sex differences were small, males were shown
to have greater |1 than females. (0.52 mm unadjusted; 0.33
mm adjusted). Our unadjusted sex difference for subjects
15-50 years of age was 0.22 mm greater than that reported
for adults 18-50 years in the initial phase of the NHANES
[11. We attribute this to restricting our sample to subjects
with al mandibular incisors and canines present. Notwith-
standing previous reports showing no consistent pattern of
sex differences? or greater incisor crowding for adult fe-
males than for males3* the sex difference is present even
after adjusting for covariates. As such, our data support and
extend the earlier work of Bondevik® and Fastlicht.*”

There were aso differencesin Il between the three dom-
inant ethnic groups in the United States. Previous analyses
of occlusal data did not provide adjusted mean differences
from a multivariate model. We showed that blacks have
significantly less Il than do whites (0.84 mm unadjusted;
0.71 mm adjusted), as previously reported.*? Our results
also showed that Mexican Americans have dightly greater
[l than do non-Hispanic whites (0.20 mm unadjusted; 0.19
mm adjusted) and significantly greater 1l than do blacks
(1.24 mm unadjusted; 0.90 mm adjusted).

Our results are consistent with previous studies reporting
increases in incisor crowding with age for untreated
adults.38211 Sinclair and Little®* showed small but significant
increases (0.7 mm) in Il for 13-year-old subjects with nor-
mal occlusion followed longitudinally through 20 years of
age. In another longitudinal study of subjects with normal
occlusion, Bishara et al® demonstrated that tooth-size/arch-
length discrepancies increased 0.5 and 0.9 mm for women
and men, respectively, between 25 and 46 years of age.
Richardson®” and Richardson and Gormley® reported that
lower incisor crowding increased 2.3 mm between 13 and
18 years of age, 1.3 mm between 18 and 28 years of age,
and 1.2 mm between 21 and 28 years of age. Buschang et
al*® showed that mandibular 1l was 0.8 mm larger for in-
dividuals greater than 35 years of age (5.9 mm) than for
those who were 17-25 years of age (5.1 mm). The initia
NHANES |11 also reported greater 11 for adults 18-50 years
of age (2.9 = 0.09 mm) than for 12 to 17 year olds (2.5
+ 0.15 mm) or 8to 11 year olds (1.6 = 0.14 mm), although
they did not evaluate differences among adults.* Although
the sampling methods used ensure high external validity for
our prevalence estimates, incidence rates would have been
preferable for describing changes in Il of untreated adults
in the United States.

The results of this study suggest that crowding does not
increase in a linear fashion with time. Most of the age dif-
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TABLE 3. Mandibular Irregularity in Untreated Subjects by Sex, Income, Race, Age Group, and the Presence of Mandibular Posterior Teeth

and Bivariate Odds Ratios

Mean
Sample Population Irregularity Odds
Size Size (mm) 95% ClI Ratio P

Sex2 9059 94,894,881 3.66 3.36, 3.96
Male 4281 48,080,983 3.92 3.62, 4.42 1.13 <.0001
Female 4778 46,813,898 3.40 3.08, 3.72 1.00

Race/ethnic® 8633 85,277,319 3.63 3.34,3.92
White 2222 63,702,095 3.77 3.44, 4.10 0.95 .0077
Black 3208 14,116,685 2.83 248, 3.18 0.71 <.0001
Mexican American 3203 7,458,539 3.97 3.55, 4.39 1.00

Family income 8910 93,769,472 3.66 3.36, 3.96
>$20,000 4278 30,210,686 3.62 3.26, 3.98 0.93 .001
=$20,000 4632 63,558,786 3.68 3.35,4.01 1.00

Age° 9059 94,894,881 3.66 3.36, 3.96
15-20 1796 14,224,289 3.34 3.00, 3.68 1.00
20-25 1481 13,470,803 3.62 3.18, 4.06 1.06 .1108
25-30 1415 15,335,975 3.65 3.27, 4.03 1.04 .2966
30-35 1383 15,367,696 3.90 3.39, 441 1.06 .0968
35-40 1303 15,769,525 3.79 3.38, 4.20 1.07 .0339
40-45 1096 13,185,040 3.79 3.31, 4.27 1.09 .0180
45-50 585 7,541,555 3.38 2.88, 3.88 1.06 .2088

First premolar? 9057 94,888,817 3.66 3.36, 3.96
One 197 1,957,924 2.84 2.04, 3.64 0.77 <.0001
None 55 774,761 2.88 1.74, 4.02 0.72 .0206
Both 8805 92,156,132 3.69 3.39, 3.99 1.00

Second premolare 9059 94,894,881 3.66 3.36, 3.96
None 166 2,112,098 2.55 1.84, 3.26 0.75 .0006
One 536 4,894,527 3.22 2.68, 3.76 0.83 <.0001
Both 8357 87,888,257 3.71 3.40, 4.02 1.00

First molar’ 9059 94,894,881 3.66 3.36, 3.96
None 1301 11,781,278 2.55 2.22,2.88 0.69 <.0001
One 1364 13,201,369 3.25 2.89, 3.61 0.87 <.0001
Both 6394 69,912,233 3.93 3.61, 4.25 1.00

Second molar9 9055 94,795,334 3.67 3.36, 3.96
None 677 5,867,495 2.75 2.33,3.17 0.75 <.0001
One 1111 9,466,720 3.17 2.80, 3.54 0.92 .0033
Both 7267 79,461,118 3.79 347,411 1.00

Third molar® 8074 87,102,407 3.70 3.36, 3.96
None 3307 45,461,774 3.87 3.53, 4.22 1.12 <.0001
One 1634 15,933,114 3.53 3.16, 3.90 1.04 1621
Both 3133 25,707,518 3.51 3.12, 3.90 1.00

a Difference between males and females: P > .0001.

b Differences between whites and blacks: P > .0001; Blacks and Mexican Americans: P > .001.

¢ Differences between 15-19 and 40-44: P = .023.
d Difference between both and one first premolar: P = .026.
e Difference between both and one second premolar: P = .023.

f Difference between both and no first molars: P < .0001; one and no first molars: P = .0003; both and 1: P < .0001.
9 Difference between both and no second molars: P < .0001; both and 1: P = .0001.
" Difference between both and no third molars: P = .0386; 1 and none: P = .0280.

ferencesin Il occurred during the late teens and early twen-
ties. Estimates of yearly velocities, derived from the overall
changes reported by various longitudinal studies of untreat-
ed subjects (Figure 2), support the notion of a rapidly de-
celerating pattern of incisor crowding. This pattern closely
follows vertical growth potentia of the mandible, indicating
that crowding may be growth related, as suggested by Dris-
coll-Gilliland et al.**

Angle Orthodontist, Vol 73, No 5, 2003

Although limited by our inability to distinguish between
third molars that are missing or not erupted, the findings
clearly showed that erupted third molars are not signifi-
cantly associated with increased mandibular incisor crowd-
ing. It is particularly important that the multivariate results,
which control for the effects of other missing teeth, showed
no significant third molar effects. Although there have been
numerous cross-sectional®® and longitudinal®? studies re-
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TABLE 4. Odds Ratios, Least Square Means, 95% Confidence Intervals (Cl), and Chi-square Tests for Differences Between Least Square
Means from Multivariate Poisson Regression Model adjusting for Age, Race, Sex, and the Presence of Mandibular First and Second Molars

Independent Odds LS

Variable Levels Ratio Mean 95% ClI X2 P> x?

Age 15-20 1.00 2.84 2.65, 3.04
20-25 1.07 3.03 2.85, 3.04 3.33 .0679
25-30 1.07 3.04 2.87, 3.23 3.60 .0578
30-35 1.13 3.21 3.04, 3.40 11.23 .0008
35-40 1.16 3.29 3.12, 3.48 16.58 <.0001
40-45 1.18 3.34 3.14, 3.55 17.16 <.0001
45-50 1.15 3.26 3.02, 3.52 8.78 .0030
Sex Male 1.08 3.31 3.17, 3.45 25.65 <.0001

Female 1.00 2.98 2.86, 3.11
Race/ethnicity2 Whites 0.95 3.34 3.18, 3.52 3.79 .0514
Blacks 0.75 2.63 2.51, 3.52 112.72 <.0001

Mexican Americans 1.00 3.53 3.36, 3.70
Mandibular first molars® 2 1.38 2.65 2.49, 2.81 94.00 <.0001
1 1.21 3.20 3.02, 3.39 23.32 <.0001

0 1.00 3.66 3.51, 3.82
Mandibular second molars® 2 1.12 2.92 2.69, 3.17 5.88 .0153
1 1.12 3.26 3.07, 3.47 4.92 .0265

0 1.00 3.26 3.15, 3.37

aWhite vs Black: x> = 67.33; P < .0001.
> Two first molars vs one first molar: x2 = 0.014; P = .9453.

° Two second molars vs one second molar: x> = 0.0012; P = .9453.
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FIGURE 2. Annualized rates of crowding showing age effects.

lating crowding to third molars, most long-term follow-up
studies show no differences in posttreatment crowding be-
tween individuals with erupted third molars, those with im-
pacted third molars, those with bilateral agenesis of third
molars, and those with extracted third molars.?-2" Our
results support the consensus that removal of asymptomatic
third molars cannot be justified.1923-2¢

In contrast to the third molars, the results clearly show
that the presence of first and second molars is associated
with increased crowding. The presence or absence of the
premolars might also be expected to influence crowding.
For example, Papandreas et a?’ reported 50-60% sponta-

neous reduction in |1 after first premolar extractions. Others
have reported that 67-80% of the space created with first
premolar extractions is accounted for by distal canine. -
Although our odds ratio for the presence of first premolars
was high, it did not meet the conventional .05 probability
level. We suspect that this is due to the lack of power re-
sulting from the small number of subjects who had one
(197) or zero (55) first premolars.

CONCLUSIONS

On the basis of our original aims and the foregoing re-
sults, three general conclusions can be drawn for untreated

Angle Orthodontist, Vol 73, No 5, 2003
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individuals in the United States who were 15-50 years of
age.

» Almost half of the population displays little or no crowd-
ing. Approximately 40% have clinically unacceptable in-
cisor irregularity, and 17% have severe problems for
which treatment might be deemed as highly desirable.

* Independently, seven factors explained statistically sig-
nificantly amounts of variation in incisor irregularity. The
differencesin Il were as follows:

Men > women;

Mexican Americans > whites > blacks;

Income greater than $20,000 < income less
than $20,000;

Older adults > younger adults;

W/mandibular premolars > w/o premolars;

Wi/first and second molars > wj/o first and
second molars and;

W/third molars < w/o third molars.

Finally, multiple regression analyses showed that five
variables combined to explain variation in the incisor irreg-
ularity index. Race, sex, age, and the presence/absence of
first and second molars al explained significant, but rela
tively small, amounts of variation in irregularity.
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