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Abstract

Objective:The objective of this study was to investigate the relationship between age, gender and clinical crown length using a long-
itudinal study design.

Method:Four hundred and fifty-six sets of study models initially obtained for a large prospective longitudinal cohort study of orthodontic
needs were examined. Each set of models corresponded to subjects at three different ages: 11–12, 14–15 and 18–19 years old. The clinical
crown height of the maxillary right central incisor (11), maxillary right canine (13), maxillary left lateral incisor (22) and mandibular left
central incisor (31) was measured from gingival crest to the incisal edge using digital calipers.

Results:Analysis revealed a significant�p , 0:0001� age effect on crown length for all four teeth investigated. A significant gender effect
was found in relation to the maxillary right canine, maxillary right central incisor and maxillary left lateral incisor. Pairwise comparisons of
the means for each age group for the maxillary right canine, maxillary right central incisor and maxillary left lateral incisor revealed
significant�p , 0:0001� increases in clinical crown length between each assessment period.

Conclusion:The findings of the present study indicate that, the process of passive eruption, resulting in increased clinical crown length
appears to continue throughout the teenage years. This finding is considered to be of importance to the clinician making treatment decisions
for teenagers and young adults requiring treatment in the anterior segments of the mouth.q 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

With increased emphasis on dental aesthetics, there has
been a concomitant increase in the interest in the period-
ontal-restorative interface [1,2]. It is widely acknowledged
that the gingival tissues surrounding the teeth have a signif-
icant impact on the overall aesthetic presentation [3,4].
Therefore, an understanding of the factors that affect the
position and stability of the gingival complex is essential
if the dentist is to provide predictable, long-term aesthetic
restorative therapy.

One of the initial steps in diagnosing a smile is to evaluate
the clinical crown length of the maxillary central incisors.
Clinical crown length plays a significant role in the func-
tional aesthetic display, not only during a full smile, but also
during speaking and even in repose [5–7]. The ultimate
length of the clinical crown of an anterior tooth is dependent
upon several factors. These include genetic and develop-

mental factors, incisal edge wear, active and passive erup-
tion.

Developmentally, the average length of the fully erupted
maxillary central incisor in the adult patient is 9.5–11 mm
[8]. Central incisors of shorter length do occur; however, the
teeth are proportionally narrower so that the width is 75–
80% of the height of the tooth. Rarely are short wide central
incisors, with a height/width ratio of less than 1:1 observed
clinically. Clinical crowns may appear short due to incisal
edge wear; however, the aetiology may be diagnosed by
observing the increased incisal edge width due to the wear
process.

The maxillary central incisor erupts into the mouth at
approximately six years of age and continues to erupt
until it comes into contact with the opposing teeth. This
process is termed active eruption. At this point, approxi-
mately 50% of the anatomic crown is covered with gingi-
vae. Over the next several years, the gingiva slowly migrate
up the labial surface of the anatomic crown until it stabilises
approximately 1–2 mm from the cemento–enamel junction
(CEJ). This is termed passive eruption [9]. In a small
percentage of patients, the tissue does not migrate far
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enough apically to approximate the CEJ. This ultimately
results in short clinical crowns due to excess gingival cover-
age of the anatomic crown (Fig. 1). This condition is termed
“altered passive eruption” or “delayed passive eruption”
[10–12].

There are currently many modalities available for
improving the presentation of a smile. These include bleach-
ing, direct bonded composite, indirect veneers and crowns,
gingival recontouring, orthodontics, and orthognathic
surgery [13–17]. It is no surprise that these treatment
modalities have been embraced with the same enthusiasm
by teenagers as they have by adults. However, teenagers are
more problematic because their stomatognathic systems
have not stabilised [18]. Tissue migration, i.e. passive erup-
tion, as well as growth are ongoing during these years.
Diagnosing a system, which is in a state of flux is like trying
to hit a moving target. For this reason, many practitioners
choose to use only reversible procedures on teenage patients
because of the risk of continued apical migration of the
gingival tissues. Volchansky and Cleaton-Jones [18] inves-
tigated the effect of age on clinical crown height in a cross
sectional study. They measured the lengths of the clinical
crowns on 237 pretreatment orthodontic study casts of

children aged 6–16 years. In the mandibular arch, there
was no statistically significant increase in the clinical
crown height after the age of 10 years in the central incisors,
or after the age of 12 years in the canines. The clinical
height of the lateral incisors however, did continue to
show a significant increase through until the age of
16 years. The results were similar for the maxillary
teeth. There was no statistically significant increase in
the clinical crown height of the central incisors and the
canines after the age of 12 years. However, there was a
significant increase in the length of the lateral incisors
through to age 16 years.

The present study was undertaken to investigate the rela-
tionship between age, gender and clinical crown length
using a longitudinal study design.

2. Materials and methods

In a large prospective longitudinal cohort study of ortho-
dontic needs, Shaw et al. [19] selected a group of 1018
Welsh children between 11 and 12 years of age. Initially,
criteria developed to identify various occlusal conditions
were applied to the available population of 3420 children.
Each occlusion was classified according to the first applic-
able category, which included deep overbite, prominent
incisors, partial anterior crossbite, total anterior crossbite,
general anterior spacing, midline spacing, missing incisors,
exposed maxillary gingival and severe anterior crowding.
The remainder, were recorded as ‘non-specific’. The final
allocation of subjects to the study was determined by dispro-
portionate stratified sampling to ensure that occlusal condi-
tion of low prevalence but high orthodontic interest would
be well represented in the cohort. Based on a dental exam-
ination, half of the children with severe anterior crowding
�n� 173� and half of the children with exposed maxillary
gingivae�n� 38� were randomly selected. Exposed maxil-
lary gingivae was defined as any part of the maxillary gingi-
vae (including the papilla) being visible while the lips were
at rest. In addition, all children with occlusions in the
remaining specific categories were included. This selection
process produced a total of 663 children, approximately
20% of those children initially screened (Table 1). Ten
percent of the children with non-specific occlusal arrange-
ments were included�n� 355�; giving a total of 1018
subjects. As part of this investigation, study casts were
made of each participant from alginate impressions. The
first examination was carried out at age 11–12 years. Subse-
quently, study casts were made three years later (age 14–
15 years) and again four years later (age 18–19 years). It is
these study casts, along with gender records, that were
used to longitudinally evaluate the relationship between
age, gender and clinical crown length in the present
study.

The maxillary right central incisor (11), maxillary
right canine (13), maxillary left lateral incisor (22) and
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Fig. 1. View of upper anterior segment, showing an upper right central
incisor with a short clinical crown due to excess gingival coverage of the
anatomic crowns, (“altered passive eruption” or “delayed passive erup-
tion”).

Table 1
Occlusal conditions of the children initially allocated to the study

Occlusal condition Number (n) Percentage (%)

Deep overbite 65 6.4
Prominent incisors 80 7.8
Partial anterior crossbite 163 16.0
Total anterior crossbite 23 2.2
General anterior spacing 36 3.5
Midline space 12 1.2
Missing incisor 73 7.2
Exposed maxillary gingival 38 3.7
Severe anterior crowding 173 17.0
Non-specific 355 34.9

Total 1018 100.0



mandibular left central incisor (31) were selected for inclu-
sion in the study. The clinical crown height was measured
from gingival crest to the incisal edge for each study tooth at
the three different examination ages. The same investigator
made all tooth measurements using a digital calliper to an
accuracy of 0.005 mm. The investigator performed all the
assessments on three separate occasions, with seven days
between each assessment. When there was an inconsistency
between the three scoring, the most frequent score was
recorded. Where there was a wide disparity the mean
score was used. Those teeth with visible intra-coronal or
extra-coronal restorations, impression/casting inaccuracies
or fixed orthodontic appliances were excluded from the
study, as these factors prevented the accurate measuring
of the clinical crown height. This selection technique there-
fore excluded those cases who were actively undergoing
fixed orthodontic at the time of examination and impression
taking. Only those samples, which contained all three exam-

ination period study casts were included in the study. This
resulted in a total of 456 sets of study models being avail-
able for examination and inclusion in the present study.

The results were tabulated and the mean clinical crown
length according to age and gender for each of the three
examination periods were calculated. The data were
analysed using a factorial analysis of variance design with
two factors, age and gender. Pairwise comparisons were
made using the Scheffe S method. The level of significance
for all comparisons was set atp , 0:05:

3. Results

Analysis of the data obtained revealed a significant�p ,
0:0001� age effect on crown length for all four study teeth. A
significant gender effect was found in the maxillary right
central incisor, maxillary right canine and maxillary left
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Table 2
Mean clinical crown length (mm) according to age and gender for each of the three examination ages

11–12 years 14–15 years 18–19 years

Tooth Male Female Mean Male Female Mean Male Female Mean

11 9.23 9.00 9.11 9.56 9.36 9.46 10.13 9.79 9.96
13 7.69 7.49 7.58 8.99 8.61 8.77 9.54 9.06 9.27
22 7.23 7.03 7.13 7.83 7.65 7.73 8.39 8.15 8.27
31 7.76 7.80 7.78 7.84 7.98 7.92 8.23 8.20 8.22

Fig. 2. The effect of age on the clinical crown length of the teeth investigated. #11 maxillary right central incisor, #13 maxillary right canine, #22 maxillary left
lateral incisor and #31 mandibular left central incisor.



lateral incisor (11,13,22). There was no statistically signifi-
cant gender effect for the mandibular left central incisor
(31). However, there was a significant age and gender inter-
action effect which was not found in the other study teeth.
The mean clinical crown length for each age and gender
group is listed in Table 2. Pairwise comparisons of the
means for each age group for the maxillary right central
incisor (11), maxillary right canine (13) and maxillary left
lateral incisor (22) and tests of simple main effects for the
mandibular left central incisor (31) revealed significant
�p , 0:0001� increases in clinical crown length at each
assessment period. The age effect on crown length for
each of the teeth studied is depicted graphically in Fig. 2.

4. Discussion

The results of this study are not in agreement with those
reported by Volchansky and Cleaton-Jones [18]. These
workers found that the length of the mandibular central
incisor stabilised by age 10 years and the length of the
maxillary central incisor and canines by age 12 years. The
data in this study indicates that passive eruption continues at
least until age 18–19 years in the maxillary central incisors,
lateral incisors, canines, and mandibular central incisors for
both males and females.

This finding is considered to be of considerable clinical
importance since the instability of the position of the gingi-
val crest in teenagers may affect the type of restorative
treatment offered to such patients concerned about their
dental attractiveness. From the data it is not possible to
determine whether or not the gingival levels are actually
stable at age 18–19 years. Based on a comparison of the
clinical crown lengths reported in this study with those
reported by Gillen et al. [8] (Table 3), it appears that in
the female patient population in the present study, passive
eruption is essentially complete by age 18–I9 years. In
contrast, in the male patient population, it appears that
passive eruption may not be complete at age 18–19 years.
The results revealed that there was a 0.5 mm change in the
clinical length of the maxillary incisors and canine between
the ages of 14–15 and 18–19 years. The clinical signifi-
cance of this change in crown length, despite the small
magnitude, could have a detrimental effect on the marginal
aesthetics of definitive indirect restorations placed in the
anterior segment of the mouth between these age bands. It
could therefore be suggested that definitive restorative treat-
ment such as porcelain veneers and crowns should possibly
be delayed until after 19 years of age.

It is possible that incisal edge wear, the presence of
restorations, effects of orthodontic intervention and gingival
swelling due to poor oral hygiene and inflammation could
have resulted in altered clinical crown lengths. However,
based on the observations of the investigator who measured
the casts, none of these factors was perceived to have had a
significant effect on the findings. Casts with evidence of
restorations, gingival overgrowth, poorly defined gingival
contour, impression and/or casting errors and fixed ortho-
dontic appliances at any of the three examination periods
were excluded from the study. However, the effects of mild
poor oral hygiene and mouth breathing could not be eval-
uated by examining the study models alone. The retrospec-
tive design of the study, employing examination of study
models, unfortunately did not allow for clinical evaluation.
It was not possible to delineate which, if any of the children
within the study group had received orthodontic treatment.
Those with fixed appliances at any of the three examination
periods were deliberately excluded from the study, as it was
difficult to accurately record the crown height with an ortho-
dontic bracket in situ and the possible effect on the gingival
health could not be quantified accurately from study casts.
However, it is possible that those treated with removable
appliances, or short termed fixed appliances therapy worn
between examination periods could have been included in
the study sample. The specific effects of orthodontic treat-
ment on the clinical crown length could not be assessed in
this study.

Not withstanding the limitations of the study method
used, the present study has highlighted some of the
issues surrounding passive eruption of teeth and the
timing for placement of permanent anterior restoration
in teenage and young adults. Subsequent to Shaw et al.
completing the next phase of the study (age 28–
29 years), there would be merit in extending the present
investigation.

5. Conclusion

The results of the present investigation indicate that the
process of passive eruption, resulting in increased clinical
crown length may be found to continue throughout the teen-
age years. Statistical analysis of the means for each age
group for the maxillary right central incisor (11), maxillary
right canine (13), maxillary left lateral incisor (22) and
mandibular left central incisor (31) revealed significant
�p , 0:0001� increases in clinical crown length at each
assessment period. The maxillary central incisor, lateral
incisor and canine teeth results showed a 0.5 mm change
in the clinical length the ages of 14–15 and 18–19 years.
This finding is considered to be of importance to the clin-
ician who is making treatment decisions for teenagers and
young adults regarding the timing of restorative treatment
which may approximate the gingivae in the anterior
segment of the mouth.
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Table 3
Average crown lengths (mm) as reported by Gillen et al. [8]

Tooth Male Female

11 10.55 9.53
13 10.67 9.23
22 9.10 8.20
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