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unchanged during the observation period (Table 4). All the
other variables changed on avarage 1.1 mm or less (Table 3).

Mandibular incisor crowding increased: the mean change
in Little’s irregularity index from the initial to the final
registrations was 1.0 mm (SD 1.14). From the initial to the
second registrations, there were no significant changes in
maxillary incisor crowding.

The maxillary arch lengths decreased from the initial to
the final registrations, but no changes occurred from the
initial to the second registrations. Similar changes were
recorded in the mandible, i.e. from the initial to the final
registrations, the mean decrease in arch length was 0.7 mm
(SD 0.74; Table 3).

The average maxillary and mandibular intercanine widths
decreased by a mean of 0.8 mm (SD 0.62) and 1.1 mm (SD
0.78), respectively (Table 3). Maxillary intermolar width

Figure 3 Measuring Little’s irregularity index.
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remained unchanged but increased in the mandible from the
initial to the final registrations (Table 3).

A decrease in arch depth was observed in both jaws,
indicating a gradual mesial migration of the dentition. In the
maxilla, the arch depth at the canines decreased by 0.6 mm
(SD 0.98) from the initial to the final registrations and by
0.5 mm (SD 0.54) in the mandible. The arch depth
measurements for the molars also decreased in both jaws
(Table 3).

Discussion

The purpose of this longitudinal study was to investigate
occlusal and dentoalveolar changes from early adulthood
to middle age. Although the final sample was small, the
material was unique. Stringent inclusion criteria were
applied and the observation period was approximately
40 years. In order to evaluate only changes occurring in
adulthood, the subjects were limited to those whose active
growth was completed.

Long-term studies of the adult dentition present particular
challenges. Physiologically, there is a wide variation in the
age at which active growth is completed. Logistically, it is
difficult to locate subjects to make follow-up appointments.
Clinically, the subject’s dental status may have changed
over time because of treatment interventions: thus, the
subject may present at follow-up with a history of extractions
or orthodontic or prosthodontic treatment in the intervening
years. The inclusion criteria in the present study were,
however, no missing teeth or history of extractions and no

Table 2 Mean values for the dental cast measurements and standard deviations (SDs) at T1 = 1949, T2 = 1960, and T3 = 1989.

Parameter Mean T1 SD Mean T2 SD Mean T3 SD
Overjet 3.7 1.33 3.7 1.33 3.8 1.54
Overbite 3.5 1.81 3.5 1.81 33 1.77
Maxilla

Irregularity index 2.9 3.09 32 3.09 2.9 2.89
Mandible

Irregularity index 32 3.66 3.6 3.57 42 4.1
Maxilla

Arch length right 36.6 3 36.5 3.15 36.1 3.37

Arch length left 36.8 243 36.7 2.71 36.2 2.79
Mandible

Arch length left 314 2.04 31.0 2.21 30.9 2.25

Arch length right 30.8 2.73 30.6 2.78 29.9 2.74
Maxilla

Transverse width 23.9 2.06 23.6 1.91 23.1 2.26

Transverse width 35.2 3.03 353 3.05 35.5 3.14
Mandible

Transverse width 18.1 1.59 18.0 1.37 17.0 1.93

Transverse width 34.6 3.79 34.0 3.81 353 3.95
Maxilla

Arch depth 13.4 1.63 13.2 1.66 12.8 2.9

A'rch depth 37.0 2.99 36.5 341 36.1 3.19
Mandible

Arch depth 10.1 1.69 9.6 1.73 9.3 1.66

Arch depth 324 2.19 31.9 2.34 31.6 2.67
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Table 3 Descriptive statistics of the mean value changes between T1-T2, T1-T3, and T2-T3. SD standard deviation.
Parameter T1-T2 SD P T1-T3 SD P T2-T3 SD P
Overjet 0 0.51 ns 0.1 0.77 ns 0.1 0.69 ns
Overbite 0 0.71 ns -0.2 1.28 ns —0.2 0.94 ns
Maxilla

Irregularity index 0.3 1 ns 0 1.33 ns -0.3 0.59 ns
Mandible

Irregularity index 0.4 0.94 ns 1 1.14 ** 0.6 1.21 *
Maxilla

Arch length right —-0.1 0.55 ns -0.5 0.85 * -0.4 0.84 ns

Arch length left —0.1 0.56 ns —0.6 0.67 ** -0.5 0.54 *x
Mandible

Arch length left -0.4 0.72 * -0.5 0.74 o —0.1 0.76 ns

Arch length right -0.2 0.72 ns -0.9 1 HE -0.7 0.83 ok
Maxilla

Transverse width -0.3 0.49 * -0.8 0.62 Hx -0.5 0.47 Hox

Transverse width 0.1 0.4 ns 0.3 0.71 wox 0.3 0.68 ox
Mandible

Transverse width —0.1 0.41 * -1.1 0.78 HAE -1.0 0.54 Hox

Transverse width 0.4 0.54 * 0.7 1.17 HE 0.3 0.95 *
Maxilla

Arch depth -0.2 0.54 ns -0.6 0.98 * -0.4 0.8 *

Arch depth -0.5 0.56 ns -0.9 0.95 o -0.4 0.8 *
Mandible

Arch depth -0.7 1.68 * -0.5 0.54 * -0.2 0.3 ns

Arch depth -0.6 0.54 ns -0.8 0.85 ns -0.2 0.54 ns

ns, non-significant. T1 = 1949; T2 = 1960; T3 = 1989.
*0.01 <P <0.05; **0.001 <P <0.01; ***P<0.001.

Table 4 Malocclusion traits from 1949 to 1989 according to
Bjork et al. (1964) for the 18 subjects.

1949 1989
Angle | 14 14
Angle II 4 4
Crossbite 1 1
Open bite 1 1
Deep bite 2 2

orthodontic or prosthodontic treatment carried out during
the observation period.

The present study showed that the occlusion, overbite,
and overjet was stable, but dentoalveolar changes occur in
the adult dentition. In the anterior part of the dentition,
decreases in arch length and width lead to anterior crowding.
There was also an increase in dental arch width at the first
permanent molar.

Overjet

The values for overjet did not change significantly during the
observation period. Similar findings have been reported in
previous studies by Bishara et al.(1996), Tibana et al. (2004),
Harris (1997), and Akgul and Toygar (2002). However, in the
study by Bishara et al.(1996), some subjects had lost two or
three teeth. Only the study by Bondevik (1998) reported a
significant decrease in overjet among the male subjects, but
30-35 per cent of these patients had undergone orthodontic

treatment. The minor decrease in overjet reported (mean 0.14
mm) is, however, not clinically relevant.

Overbite

The present study failed to disclose any significant change in
overbite from age 20 to 60 years. In contrast, several previous
studies have reported considerable increases in overbite. In a
sample observed from age 21 to 28 years, Tibana et al.
(2004) reported an increase of 0.39 mm (SD 0.45). Significant
increases in overbite are also reported in earlier studies by
Akgul and Toygar (2002) and Bishara et al. (1996) in a group
of females from age 25 to 45 years: mean 0.5 mm (SD 0.19)
and 1 mm (SD 0.5), respectively. The contradictory results in
the present study might be attributable to the predominantly
male sample and high mean ages. Nevertheless, our results
are in accordance with those of Harris (1997): in a sample
comprising both male and female subjects; overbite and
overjet remained constant from 20 to 55 years of age.

Arch length

Significant decreases in arch lengths occurred in both the
maxilla and the mandible, the most pronounced changes
occurring between the second and the final registrations.
Similar findings were observed by Harris (1997), Akgul and
Toygar (2002), and Bishara et al. (1998). In contrast,
Bondevik (1998) reported that arch length remained
unchanged from age 23 to 34 years. Several factors may have
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contributed to the contradictory results, in particular, the
difference in the ages of the subjects and the confounding
effect of orthodontic treatment: thus, Bondevik (1998)
followed his subjects through early adulthood, from age 23 to
34 years, whereas the subjects in the other studies, including
ours, underwent final registration at the age of 50—60 years.
A slow decrease in arch length implies gradual anterior
migration of the dentition. Mesial drift of the first permanent
molars will result in a decrease in arch length and depth in
both arches. This also explains the anterior crowding, which
increases with age, reported by Thilander (2009) and
Henriksson et al. (2001). A decrease in arch length may have
an even more plausible explanation in other factors, such as
changed intrinsic forces by tongue and lips (Proffit, 2007).
This physiological age-related dentoalveolar change needs to
be taken into account in orthodontic treatment planning.

Intercanine width

Intercanine width decreased significantly in both arches and
was more pronounced in the mandible. The greatest changes
occurred between the second and the final registrations and
similar findings are reported by Akgul and Toygar (2002)
and Tibana ef al. (2004). Bondevik (1998) reported
significant decreases only in the lower arch.

The changes in intercanine width may be attributable to
mesial drift of the first permanent molars. Our findings suggest
that the decrease in mandibular intercanine width leads to
reduced space for the lower incisors. In general, the later
decrease in intercanine widths with age were more pronounced
in the mandible than in the maxilla arch. The clinical
implications of this finding are of particular importance in
orthodontic treatment planning because anterior crowding
continues throughout middle age, i.e. beyond 60 years of age.

Intermolar width

Intermolar width increased significantly in both arches but was
more pronounced in the maxilla. The greatest changes occurred
between the second and the final registrations. Similar findings
are reported by Harris (1997) and Bondevik (1998). In contrast,
other authors such as Tibana et al. (2004) and Bishara et al.
(1997) found no significant changes in arch width.

Small or no change is more often reported in intermolar
width. Contradictory findings can be explained by
differences in the ages of the study subjects: Akgul and
Toygar (2002) reported on changes observed in early
adulthood, whereas the study by Harris (1997) and the
present study followed the subjects through to late middle
age and reported a slight increase in width.

Arch depth

Arch depth decreased in both arches. One interesting finding
was that in both arches, the greatest changes occurred
between the initial and the second registrations. Similar
findings are reported by Akgul and Toygar (2002) and
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Harris (1997). Mesial drift of the first permanent molars
seems to reflect a physiological movement of the dentition,
which increases crowding in the mandibular anterior region.
This could also explain why the transverse width of the
canines decreases, as well as the arch length. The long-term
prognosis of anterior crowding seems to be unfavourable
and continues beyond age 60 years.

Irregularity index

Little’s irregularity index increased significantly only in the
mandible. The most pronounced changes were observed
between the second and the final registrations. Tibana et al.
(2004) reported that from 21 to 28 years of age, incisor
irregularity increased with a mean of 0.54 mm (SD 0.43) in
the lower arch and a mean of 0.38 mm (SD 0.50) in the upper
arch. In the present study, there was a correlation between an
increase in lower incisor irregularity and decreases in
mandibular arch length and intercanine width.

Conclusions

The dentoalveolar processes continue to undergo
physiological changes throughout adult life. Of particular
clinical relevance is the finding that decreases in arch length
and depth result in a decrease in intercanine width and
increased crowding of the anterior teeth. These findings
have important clinical implications in orthodontic practice,
particularly in treatment planning and long-term post-
treatment stability/retention.
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