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ABSTRACT Teeth retain their capacity to continue to
erupt throughout life. What is less-well appreciated is
that occlusal migration —with corresponding alveolar
proliferation — continues as a normal process during
adulthood. Historically, this continuous eruption has
been viewed as accommodative for the loss of crown
height due to serious occlusal abrasion. Nowadays,
with only trivial wear, the result of continuous eruption
is to increase lower face height during adulthood. This
study reports on changes in the mandibular first and
second molars in 73 Americans whites (63 females)
examined at 17 and again at about 31 years of age.
A computer-assisted method was used to measure
alveolar and dental changes using the inferior alveolar
canal as a fiducial benchmark. Each molar’s image
was scaled to the mesiodistal molar crown dimension

In spite of extensive work on the subject, the forces
that cause a tooth to erupt—to move coronally into
occlusion—are poorly understood (Marks and Cabhill,
1984; Steedle and Proffit, 1985; Gorski and Marks, 1992;
Wise et al., 2002). Indeed, research now suggests that
much of the information gleaned from studying rodents
(with rootless, continuously erupting incisors) may not
apply to humans. Moreover, the forces responsible for
a tooth’s movement in its pre-emergent phase may be
different from those that carry the erupted tooth into
occlusion (Lee and Proffit, 1995; Trentini et al., 1995).

Tooth eruption conventionally refers to the rather
rapid movement of a tooth from its formative position in
its bony tooth crypt coronally into functional occlusion
(Sato and Parsons, 1990). This is active tooth eruption
and, for the permanent teeth, the eruptive phase (ignoring
the third molars) starts around 6 years of age and is
completed around 12 years of age (Hurme, 1949). Less
well studied is the second, slow and protracted, albeit
cumulative phase of tooth eruption termed continuous
eruption. This consists of coronal movements of the
permanent teeth that occur well after the active phase
and that increases in crown height increase lower face
height and change facial proportions with age (Iseri and
Solow, 1996).

Early studies (Manson, 1963; Bhaskar, 1962) suggested
that teeth moved coronally during adulthood such that
the CEJ-to-crestal bone distance increases. The argument

measured from that subject’s dental cast. Major findings
were: Both lower molars erupted during adulthood
to statistically significant extents, more so in men.
Alveolar bone proliferated apace with the coronal tooth
migration, so the CEJ-to-crestal bone distance did not
change in these healthy, young, dentate adults. Firstand
second molar roots increased in length, apparently by
the progressive deposition of cementum. Prior studies
have documented continuous eruption in peoples with
severe occlusal wear; this study shows that comparable
increases occur without any macroscopic loss of tooth
substance. These normative changes that—assumedly
occur in both jaws—have discernible, cumulative
effects on lower face height and facial proportions in
adulthood. Dental Anthropology 2007;20:7-15.

was that teeth erupted more than bony remodeling
could keep pace, thereby exposing more root coronal to
the bone. These findings were readily criticized because
inflammatory periodontitis —which has been prevalent
(Carranza and Newman, 1996)—produces the same
increase in CEJ-to-crestal bone distance over time.
Subsequent work shows that the “mobile” feature
actually is both the tooth and the gingival and crestal
bone (Murphy, 1959;Levers and Darling, 1983; Whittak-
er et al., 1990; Dannenberg ef al., 1991). This difference
in perspective was documented definitively by Iseri
and Solow (1996) who studied cephalographs taken by
Arne Bjork of people in whom metallic implants had
been placed (Bjork, 1968). In contrast to conventional
bony landmarks that remodel with age (e.g., Nasion,
Menton), metallic implants remain immobile, seques-
tered in the bone proper (Enlow, 1977). These metallic
implants serve as immobile fiducial landmarks against
which skeletodental growth can be quantified without
distortion (Bjork and Skieller, 1972, 1977). Iseri and
Solow studied subjects in their later teens and twenties,
which is several years after the last teeth had erupted
into occlusion (ignoring M3s). Findings were (A) that
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continuous eruption was a normative consequence of
ageing, (B) that that continuous eruption occurred in all
teeth, and (C) that there was greater coronal eruption of
the distal teeth than the anterior teeth, so the occlusal
plane flattened with age. While quite informative, this
study was restricted to the study of females (one sup-
poses that changes in males would be greater; Behrents,
1985; Bishara ef al., 1994) and, again, most subjects were
followed just to their early 20s. One considerable value
of this study was its longitudinal design—the same in-
dividuals were examined serially — so individual changes
with time could be quantified.

Cross-sectional data are, however, far more
available. A key study in this area was by Varrela and
coworkers (1995). Varrela examined archeologically
derived material from a European archeological site
and grouped the mandibles into age intervals based
on age at death. Results showed that even accounting
for the insensitive cross-sectional nature of the design,
continuous eruption—measured as increasing distance
from the cementoenamel junction (CEJ) to the inferior
alveolar canal —was evident.

As in the study by Varrela, most peoples (historically
and prehistorically) have exhibited appreciable occlusal
wear, which reduces crown height. It commonly has
been speculated that continuous eruption is an adaptive,
accommodative response to the need to extend a tooth’s
functional longevity. Continuous eruption provides
greater tooth mass before, as was common, occlusal
attrition wears the tooth to the gum line. Begg, speaking
of the prehistoric Australian condition, contended that,
“Tooth eruption does not stop at the neck of the teeth,
but proceeds apically to the ultimate shedding of the
teeth if we live long enough. Continued tooth eruption
rendered continual tooth attrition harmless” (Begg and
Kesling, 1971:26). Nowadays, with virtually no grit in
the diet, occlusal attrition is trivial, even in advanced
age, so this accommodative increase in crown height
provides no selective advantage. Instead, continuous
eruption without occlusal attrition simply increases
lower face height.

Purpose of the present study was to test whether
continuous eruption is discernible in a sample
of contemporary Americans who were followed
radiographically from their mid-teens to about 30
years of age. The sample consists of people who had
received comprehensive orthodontic treatment starting
at the conventional age of around 13 years of age, with
completion around 16 years of age. The cases were
reexamined at a long-term follow-up at an average of
30.7 years of age. This study reports on continuous
eruption of the mandibular molars between these two
examinations (ca. 17 and 31 years of age).

MATERIALS AND METHODS

Data for this study were collected from an on-going
project involving the long-term recall of patients who, at

adolescence, had received comprehensive orthodontic
treatment. The end of treatment averaged 16.7 years (sd
=1.8 years), and the average age at the recall examination
was 30.7 years (sd = 6.8 years), so the mean duration
was 14.0 years. Statistically, there was no difference in
any age parameter between males and females. All of
the subjects in this study (n = 73) are American whites,
and there is a preponderance of females (n = 63) because
several women had their recall examination when
they brought their own child to the orthodontist for
treatment.

A computer-assisted photogrammetric method was
used to obtain the measurements. The panoramic film
was digitized at high resolution on a flat-bed scanner,
and the image was imported into SigmaScan Pro 5.0
(SPSS Inc., Chicago, IL), where the image was enlarged
several-fold (which facilitates landmarklocation but does
not affect actual dimensions), landmarks were located,
and the program generated the desired variables.

Reliance on panoramic radiographs introduces
variability because the source-to-film distance and
the object-to-film distance are only approximately
standardized. When taking a given film, the operator
chooses from among a few pre-set trough paths based
on the patient’s size and facial form. The “trough” is
the two-dimensional pathway that the source (cathode)
tracks around the person’s head. Ideally, the trough
scribed by the machine parallels the shape of the person’s
dental arches.

Landmark studies regarding continuous eruption
(Thompson and Kendrick, 1964; Levers and Darling
1983) used data collected from panoramic radiographs,
though their data were cross-sectional. When studying
skeletal specimens, radiation exposure is irrelevant,
and bone-holding devices can be rigged to provide
stationary periapical (or equivalent) X-rays with
known radiographic magnification (Whittaker et al.,
1990). In the future, the increasingly prevalent use of
three-dimensional cone-beam computed tomography
will provide measurements that are fully corrected for
magnification (e.g., Cevidanes et al., 2006, 2007). Such
long-term longitudinal data are not, however, available
now, so we felt warranted in using the panoramic data
to test—using longitudinal data—whether changes in
tooth length are discernible. In our opinion, long-term
longitudinal radiographic data on the living are scarce
enough that analysis is warranted —given appropriate
caveats—even though the X-rays cannot be exactly
standardized.

Measurements were made using acommon technique
(Whittaker et al., 1985; Varrela et al., 1995). The inferior
alveolar canal was used as the fiducial landmark. The
invariance of this neural structure has been confirmed
by the metallic implant studies of Bjork (1956, 1963). The
longitudinal midline of a molar was defined by visual
best fit (Fig. 1). Four landmarks were located along this
line: (1) the cementoenamel junction (CEJ); (2) height of
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the crestal bone along the molar’s midline; (3) the apical
plane defined by the line through the tooth’s mesial and
distal root apices; and (4) superior aspect of the cortical
bones of the inferior alveolar canal. In addition, we
measured the height of the crestal bone separately at the
mesial and distal aspect of the molar down to the IAC
measured parallel with the molar’s long axis.

There is no absolute scale on a panoramic radiograph,
so we scaled each image to millimeters by using the
specific molar’s mesiodistal crown diameter measured
from the dental cast taken at the same appointment.
Tooth dimensions were obtained in a standardized
manner (Moorrees, 1957) using sliding calipers. In other
words, each individual molar’s mesiodistal crown size
was recorded from its panoramic image and from the
associated dental cast, and the computer measurements
were scaled to millimeters for each tooth. A panoramic
radiographic image exhibits variable magnification
because the X-ray head is not everywhere equidistant
from the dental structures (Graber, 1967), but the
pathway is least curvilinear in the buccal segment
where the molars are situated. As described below, the
complex of skeletodental changes found here cannot be
explained by differences in magnification.

The inferior alveolar canal in the mandible is visible
radiographically starting at the lingula and descending
downward-and-forward to the premolar region where,
in our experience, it seldom can be followed any farther.
Consequently, we only measured the first and second
molars. So far as possible, all four molars in the lower two
quadrants were measured, but teeth with poor images
were omitted. These young adults were in reasonably
good oral health, and each molar was in contact with the
tooth mesial to it, so there was no apparent instance of
tipping. Also, all molars had an antagonist.

Measurement error is an issue because the changes
are fairly subtle. Repeatability error was assessed using
the conventional Dahlberg statistic (Dahlberg, 1940;
Bland and Altman, 1996) and the intraclass correlation
coefficient (from nested analysis of variance), which is
the proportion of the total variation due to differences
between measurements of the same individuals
(i.e., repeatability error). There was no substantive
difference among the types of variables, and, overall,
Dahlberg’s d was 0.31 mm. That is, the average error
due to discrepancies in measurement was one-third of
a millimeter, which is appreciably less than any of the
statistically significant differences found here. The
intraclass correlation was 0.987, meaning thatjust1.3% of
the observed variation was attributable to discrepancies
in measuring the same dimensions repeatedly.

Statistically, repeated-measures analysis of variance
was used to exploit the longitudinal nature of the
data as well as the paired M1-M2 comparisons within
individuals (Winer et al., 1991; Sokal and Rohlf, 1995).
Statistics were calculated using JMP 5.0.2 (SAS Institute
Inc., Cary, NC).

OS: occlusal surface

CEJ: cementoenamel

\ junction

AC: alveolar margin

—— AP apical plane of
root apices

IAC: inferior alveolar canal

LM: border of mandible

Fig. 1. Diagram showing the landmarks that were
digitized for each mandibular molar. The vertical line
through the tooth defines its long axis, and measure-
ments were made along this best-fit line. The landmarks,
from top to bottom, depict the crown’s occlusal surface
(OS), the CE]J, the alveolar crest (at its intersection with
the tooth’s long axis), the root apex (where a line de-
fined by the mesial and distal roots crosses the long
axis), the inferior alveolar canal, and the inferior border
of the mandibular corpus.

RESULTS

Descriptive statistics are presented separately by sex
because, as is characteristic (Behrents, 1985; Bishara et
al., 1994), males exhibit more facial growth during their
teens and early twenties. Also, changes in the first and
second molar are described separately because, while
the changes are comparable, the second molar is smaller,
closer to the inferior alveolar canal (IAC), and migrates
occlusally somewhat less than M1 (Table 1).

First Molar

At T1 (mean = 16.7 years) the root apices were about
5 mm above the IAC, and, as shown in Table 2, this
distance increased to about 6 mm at T2 (mean = 30.7
years). This increase —adjusted to one decade of change
across all subjects (Table 3) —was about 1 mm/decade in
males and half this (whichis significantly less) in females,
with both changes being highly significant statistically.
If, instead, one measures the distance from the IAC up
to the CEJ, these increases are appreciably larger. The
change in the IAC-CE] distance was 1.7 mm/decade
in males and 1.0 mm/decade in females. Again, both
of these increases are highly significant (Table 3), and
the change in men significantly exceeds that in women
(Table 4).

The difference between these two distances (IAC
to AP and IAC to CEJ) is informative in that it shows
that, while M1 is erupting occlusally, there is evidence
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TABLE 1. Results of two-way analysis of variance testing for size differences between molars and by sex’

Molar? Sex Molar-x-Sex

Variable F Ratio P value F Ratio P value F Ratio P value
IACto AP, T1 34.43 < 0.0001 0.13 0.7169 1.97 0.2807
IAC to AP, T2 54.28 < 0.0001 0.00 0.9837 0.10 0.7538
IAC to CEJ, T1 245.71 < 0.0001 0.00 0.9411 0.02 0.8920
IAC to CE]J, T2 310.50 < 0.0001 1.62 0.2111 2.78 0.1037
Root Length, T1 70.69 < 0.0001 0.46 0.4997 2.06 0.1592
Root Length, T2 67.41 < 0.0001 5.30 0.0267 3.35 0.0749
CE]J to Crestal Bone, T1 3.55 0.0747 0.53 0.4698 1.16 0.2886
CE]J to Crestal Bone, T2 0.55 0.4643 3.02 0.0901 0.11 0.7379
TIAC to Crestal Bone, Mesial T1 93.47 < 0.0001 0.02 0.9007 0.03 0.8686
IAC to Crestal Bone, Mesial T2 153.86 < 0.0001 0.98 0.3275 3.43 0.0716
TIAC to Crestal Bone, Distal T1 169.55 < 0.0001 0.00 0.9910 0.69 0.4115
TIAC to Crestal Bone, Distal T2 253.98 < 0.0001 0.18 0.6736 1.15 0.2891

"Numerator df is 1 and denominator df is 40 for each test.

?Both M1 and M2 could be measured for most subjects, so “Molar” was treated as a repeated measure, which
provides greater statistical power (but limits the sample sizes to cases where both molars were measurable). The
ANOVA is, then, a mixed model.

TABLE 2. Descriptive statistics, by sex

Males Females
Variable n Mean  sd n Mean  sd
Mandibular First Molar
IACto AP, T1 15 5.00 218 84 549 201
IAC to AP, T2 15 624 245 84 6.03 2.02
IAC to CEJ, T1 15 18.89 1.96 84 19.06  2.59
IAC to CEJ, T2 15 21.08  3.00 84 20.15 2.61
Root Length, T1 15 13.88 1.16 84 13.57  1.66
Root Length, T2 15 14.84  2.03 84 14.11 1.57
CEJ to Crestal Bone, T1 15 1.82 0.35 84 198  0.55
CE]J to Crestal Bone, T2 15 211 0.56 84 198 057
TIAC to Crestal Bone, Mesial T1 15 17.94 2.13 84 18.27 2.09
TIAC to Crestal Bone, Mesial T2 15 19.77 2.83 84 19.07 212
TIAC to Crestal Bone, Distal T1 15 15.81 2.51 84 16.45 2.20
TIAC to Crestal Bone, Distal T2 15 17.58 2.99 84 17.48 217
Mandibular Second Molar
IACto AP, T1 10 448 202 50 430 256
IAC to AP, T2 10 516 230 50 4.88 2.65
IAC to CEJ, T1 10 16.72 227 50 16.40  2.63
IAC to CEJ, T2 10 18.75  3.39 50 1736  2.88
Root Length, T1 10 12.24 0.95 50 12.09 1.76
Root Length, T2 10 13.58  2.07 50 12.48 1.77
CEJ to Crestal Bone, T1 10 1.83  0.37 50 1.85 0.50
CEJ to Crestal Bone, T2 10 232 042 50 2.03  0.59
TIAC to Crestal Bone, Mesial T1 10 16.38 2.78 50 16.18 2.35
TIAC to Crestal Bone, Mesial T2 10 17.58 3.33 50 16.91 2.52
TIAC to Crestal Bone, Distal T1 10 13.70 2.84 50 13.50 2.17

TIAC to Crestal Bone, Distal T2 10 14.57 3.24 50 14.41 2.46




TABLE 3. Changes standardized to 1 decade, sex-specific one-sample t-tests of whether the changes are significant statistically, and tests of whether the amounts
of change differ between males and females

Test for
Sex Dimorphism

Females
sd

Males

P value

t-test P value F ratio

mean

n

mean sd t-test P value

n

Variable

Mandibular First Molar

0.612 6.25 <0.0001

1.011

0.0133
0.0156
0.3430
0.1436
0.0338
0.2832

6.36
6.06
091
2.17
4.63
1.16

6.65 <0.0001
9.11 <0.0001
5.77 <0.0001

0.

0.505 0.696

1.021

84
84
84
84
84
84

0.989

15
15
15
15
15
15

ATAC to AP

1.027

6.61 <0.0001

1.727
0.739
0.155
1.423
1.404

ATAC to CEJ

0.516 0.820
-0.043 0472

0.786 1.066

0.0076
0.2657

0918 3.11
0.518

A Root Length

0.4075

83

1.16

A CE]J-Crestal Bone

6.75 <0.0001
7.85 <0.0001

0.996 5.54 <0.0001
0.668 8.14 <0.0001

A Crestal Bone-IAC Mesial
A Crestal Bone-IAC Distal

1.052 1.228

Mandibular Second Molar
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0.7799
0.1272
0.0893
0.3242
0.8218
0.3615

0.08
2.39
2.99
0.99
0.05

0.

5.74 <0.0001
6.60 <0.0001

2.81
2.

0475 0.585

50
50
50

0.0177
0.0049
0.0222
0.0579
0.0023
0.0560

0.459 2.90

0.420

10
10
10
10
10
10

ATAC to AP

0.837 0.897

0.362 0.910

1.146 3.70

1.341
0.921

ATAC to CEJ

0.0070
0.0428

1.057 2.76

A Root Length

08

0.158 0.538

0.725 1.162

50

0497 217
0.611

0.341

A CEJ-Crestal Bone

441 <0.0001
5.57 <0.0001

4.20

0.811

A Crestal Bone-IAC Mesial
A Crestal Bone-IAC Distal

84

0.852 1.082

50

0522 0.752 2.19

of root remodeling (probably cementum deposition)
that lengthens the roots and diminishes the apparent
movement of the teeth away from the IAC. In other
words, the roots lengthened from T1 to T2, and the
increase was about 0.6 mm/decade in both sexes (Fig.
2).

The other measurements (Tables 1-2) define the
molar’s relationship to the crestal bone. The vertical
distance from the CE] to the crestal bone (measured at
the middle of the crown; Fig. 1) did not change with time
in these healthy subjects. The distance is just under 2
mm at both examinations. On the other hand, measuring
height of the CEJ vis-a-vis the IAC makes it evident that
the alveolar bone is appositional with age, such that its
height increases an average of 1.4 mm/decade in men
and a bit less in women (Table 3). So, while M1 is slowly
erupting to the occlusal, alveolar bone being is deposited
to keep pace. Table 2 shows that the crestal bone height is
roughly 2 mm greater on the mesial than the distal aspect
of M1, but this merely reflects the upward curvature of
the IAC as it courses distally toward the lingula.

Second Molars

As shown by the ANOVA tests in Table 1, almost
all of the dimensions taken at the second molar are
substantially different than for M1. This primarily has to
do with the upward curve of the IAC as it passes beneath
this distal molar that provide different distances to the
bone and tooth structures compared to M1. While the
dimensions differ between teeth, the changes for M1
and M2 are comparable. At T1, apices of the M2 roots
were about 4.5 mm superior to the IAC, and this distance
increased to about 5.0 mm at T2. Adjusted to change-per-
decade, the IAC-AP distances increased about one-half
millimeter per decade in both sexes. Again, this distance
was attenuated by remodeling of the root apices because
the increase in the distance from the IAC up to the CE]
is twice as great (Table 3), averaging 1.3 mm/decade in
men and 0.8 mm/decade in women.

At T2, there is suggestive evidence of some crestal
bone loss with age, averaging 0.2 to 0.3 mm/decade,
which is only marginally significant statistically (I = 0.06
in men; P = 0.04 in women). Of note, the net remodeling
of bone around M is appositional, because there are
increases of around 0.8 mm/decade when bone height
is measured relative to the invariant IAC rather than the
upwardly-migrating tooth.

DISCUSSION
Alveolar Bone

Enlow and Harris (1964) showed that the corpus
is everywhere appositional throughout the active
phase of growth, so width and height (and mechanical
resilience) of the corpus increase with age. Israel
(1979) documented that these trends continue well into
adulthood. In the present study, dealing with dentate



12 E.F. HARRIS AND Y. SHILOAH

TABLE 4. Results of two-way analysis of variance testing for differences in changes (standardized to 1 decade) from T1 to T2
between molars and by sex’

Molar Sex Molar-x-Sex

Variable F Ratio P value F Ratio P value F Ratio P value
IAC to AP 1.27 0.2669 0.06 0.8123 0.32 0.5766
IAC to CEJ 1.83 0.1834 3.89 0.0457 1.38 0.2470
Root Length 0.01 0.9202 5.49 0.0243 0.28 0.6006
CEJ-Crestal Bone 0.97 0.3298 5.63 0.0226 1.35 0.2514
IAC to Crestal Bone, Mesial 3.66 0.0631 0.67 0.4187 2.66 0.1111
IAC to Crestal Bone, Distal 6.38 0.0157 0.03 0.8715 2.33 0.1349

'These are mixed-model ANOVA tests, with repeated measures on Molar while Sex is a fixed effect; degrees of

freedom are 1 and 39 for each test.

young adults, alveolar bone continued to be deposited
along the surface such that corpus height provided by
the alveolar crestal bone (above the IAC) increased
about 1.5 mm/decade in men and just under 1 mm/
decade in women. This bony apposition increases lower
face height. The rate is significantly slower in women,
though still significant statistically.

Continuous tooth eruption keeps pace with the
proliferation of alveolar bone. Indeed, in these healthy
young adults, the distance from the CEJ down to the
crestal bone did not change with age even though the
molars moved coronally about 1 mm in women and an

AIDC to AP

A IDC to CE]J

average of 2 mm in men (Table 2).

The question of whether the CEJ has a constant
relationship with crestal bone (CB) with advancing age
has been contentious, primarily because an increase in
this distance can more parsimoniously be attributed
to chronic inflammatory periodontal disease than to
continued tooth eruption. Danenberg et al. (1991)
documented significant increases in the CEJ-CB
distance with advancing age in Australian Aborigines.
These authors found no bony evidence of periodontal
disease and contended that the increases were evidence
of continued tooth eruption during adulthood. Other

A Root Length

A CEJ-Crestal Bone
A Crestal Bone-IAC Mesial

A Crestal Bone-IAC Distal

A IDC to AP

ATDC to CEJ

I

A Root Length
A CEJ-Crestal Bone
A Crestal Bone-IAC Mesial

B Males

A Crestal Bone-IAC Distal

[] Females

T T
-0.1 0.1 0.3

T T
0.5 0.7 0.9 1.1 1.3 15

T T T T
1.7

Change per Decade

Fig. 2. Dimensional changes in lower molars, by sex and molar. The T1 to T2 changes have been standardized

to one decade (10 years) on an individual basis.
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researchers (Whittaker et al., 1990; Varrela et al., 1995)
found only small, statistically nonsignificant increases
in the CEJ-CB distance with advancing age. There was
no change in this distance in the present study, though
these adults may be too young and the interval may be
too short to disclose such changes. During the observed
age interval, the molars erupted significantly, especially
in men, but alveolar bony proliferation was fully as
aggressive.

Continuous Eruption

Continuous eruption refers to a tooth’s life-long
potential to further erupt. This capacity is readily
observed in people who have lost an antagonist, where
the unimpeded tooth supererupts (e.g., Compagnon
and Woda, 1991; Yonezu and Machida, 1997). Similarly,
orthodontists have experience “helping” a tooth erupt
with the use of traction forces (e.g., Stevens and Levine,
1998; Durham et al. 2004) virtually regardless of the
patient’s age. The antithesis of this phenomenon is the
ankylosed tooth (and osseointegrated implant) that
becomes progressively submerged as adjacent teeth
and surrounding alveolar bone continue to migrate
occlusally (Odman et al., 1991; Roberts, 1994). Of more
general relevance, is whether continuously eruption is
a dentition-wide phenomenon that characteristically
occurs in all adults? Prior studies (Newman and Levers,
1979; Whittaker et al., 1982, 1985, 1990; Varrela et al.,
1995) have shown that continous eruption does occur
during adulthood, but (A) these studies have been cross-
sectional, based on skeletal remains of subjects who
died at different ages, (B) most studies have combined
males and females, and (C) studies have used peoples
who experienced moderate-to-severe occlusal wear
because they lived on coarse, abrasive diets. It might
be argued (Levers and Darling, 1983) that substantial
occlusal wear increases freeway space, thereby “making
room” for additional, compensatory tooth eruption.
What happens in the absence of attrition? The modern
American diet is so highly refined and grit-free that
young adults present without any wear facets and most
people never experience dentin exposure due to dietary
abrasion. Consequently, there is only inconsequential
loss of vertical dental height.

The theme of some studies has been that continous
eruption occurs because of substantial attrition. For
example, Begg (1954) contended that the severe occlusal
wear that occurred in prehistoric Australian Aboriginals
“made room” for the teeth to erupt farther. Murphy
(1959), Levers and Darling (1983), and several others
likewise have assumed that continuous eruption is
the respondent and occurred when the opportunity
was created by occlusal abrasion. As seen in the
present study, eruption is occurring continuously and
seemingly at equivalent rates even in the absence of any
macroscopic abrasion. Whittaker et al. (1990) reported
comparable findings from a 19th century British series

where abrasion was slight. It seems that eruption is
an ongoing physiological process that is indifferent to
whether the crowns are worn down. It may well be
that tooth eruption proceeds during adulthood simply
because the forces causing eruption are never disabled.

The present study shows that lower face height is
enhanced because the tooth itself migrates occlusally
(presumably in both arcades; Iseri and Solow, 1996) but
also because bone is proliferating apace with the teeth.
The present study also documents the significantly
greater rate of growth in men than women, notably
in the vertical dimension. This is consistent with
cephalometric studies of changes during adulthood
(e.g., Forsberg, 1979; Behrents, 1986; Bishara et al., 1994)
where growth is notably greater in men. The same has
been reported from earlier, cross-sectional craniometric
studies of dentate adults (Lasker, 1953; Thompson and
Kendrick, 1964). This also was documented by West and
McNamara (1999) who suggested that the increase in
lower face height “probably is compensatory, resulting
from either continued dental eruption, continued
alveolar growth, or both, to balance the occlusions with
the skeletal growth that is occurring.” Opinions may
differ as to what skeletodental changes are “balancing”
and compensatory and which are passive respondents,
but the net effect is slow but cumulative increase in
adult facial dimensions, and the present study confirms
that both tooth eruption and alveolar growth are
contributory.

Root Length

At first impression, it probably is surprising to find
that root length increased with age in this study, both
for M1 and M2 and in both sexes. Indeed, the more
common issue in the orthodontic literature deals with
how treatment causes apical root resorption (Samehsima
and Sinclair 2001a,b; Harris 2000), though there seems
to be no posttreatment progression of the problem
(Remington et al., 1989). Review of the literature
suggests that there are very few longitudinal studies of
root dimensions in adults. Cross-sectional studies, such
as by Woods and coworkers (1990), typically encounter
too much inter-individual variability to find any trend
with age. The study by Bishara et al. (1999) is the most
informative here. Bishara and coworkers had periapical
films of the same 26 individuals at an average age of
about 25 years and again at 45 years of age. Six of their
comparisons of 32 root lengths (of 28 teeth) exhibited
statistically significant increases in root length over
time. However, when the Bonferroni correction for
multiple comparisons was applied (which may be too
conservative —see Holm, 1979; Rice, 1989), none of the
changes remained significant. This led the authors to
conclude “that there were no significant changes in root
lengths between 25 and 45 years of age in either males
or females.”

This conclusion is perhaps overly cautious since other
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studies —albeit cross-sectional —have found that root
lengths increase discernibly with age. Researchers have
consistentlyattributed theseincreasestotheaccumulation
of cementum, which is known to accumulate at a fairly
regular pace (Wittwer-Backofen et al. 2004). Levers and
Darling (1983) reported “continuous lengthening” of the
roots with age, “presumably by cementum deposition.”
Whittaker et al. (1990) found that root apices migrated
away from the IAC significantly less than the CEJ, which
they attributed to cementum apposition that lengthened
the roots. Similarly, Varrela et al. (1990) reported that the
CEJ-AP distances increased across age grades, with the
most notable increases on M2.

SUMMARY

This longitudinal study spans late adolescence and
early adulthood (ca. 17 to 30 years of age). Continued
occlusal eruption is documented for the mandibular
molars, with significantly greater changes in men than
women. Importantly, the alveolar bone proliferated at
the same rate, so crestal bone height remains the same
distance from the molar’s CE]. Continuous eruption—
in the effective absence of attrition—contributes to
increasing lower face height.
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