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Evaluation of proximal enamel thickness and
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Abstract

Estimating enamel thickness and planning the resultant optimal morphology of premolars are
substantial steps before interproximal stripping. Aim: To analyze proximal enamel thickness and
crown measurements in maxillary premolars.  Methods: The mesiodistal, buccolingual and
cervico-occlusal measurements of 40 human maxillary first premolars (20 right, 20 left) were
registered with a digital caliper. The teeth were embedded in acrylic resin and sectioned mesiodistally
at the level of the contact areas to obtain 1 mm-thick central sections. Enamel thickness on the
proximal surfaces was measured using a perfilometer. Measurements were compared by the
Student’s t-test (α = 0.05). Results: The mean enamel thickness on the mesial surface was 1.22
mm for the right (± 0.17) and left (± 0.18) sides. On the distal surface, the corresponding values
were 1.28 mm (± 0.19) on the right side and 1.39 mm (± 0.17) on the left side. Mean values, in
millimeters, for the mesiodistal, buccolingual and cervico-occlusal measurements on both sides
ranged from 7.03 (± 0.43) to 7.07 (± 0.48), 9.59 (± 0.48) to 9.65 (± 0.58) and 8.65 (± 0.66) to
8.85 (± 0.65), respectively. There were no significant differences between right and left teeth.
However, enamel thickness was significantly greater (p<0.05) on the distal surface. Conclusions:
In maxillary first premolars, considering the greater thickness of distal enamel, interproximal
stripping during orthodontic treatment may be more pronounced on this surface. The greatest
mean value was observed for the buccolingual crown measurement, followed by the cervico-
occlusal and mesiodistal dimensions.
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Introduction

Currently, orthodontic patients are searching for esthetics combined to
satisfactory functioning of the stomatognathic system in the dental offices.
Treatments comprising tooth extraction and appliances that cause discomfort and
social constraint are avoided and effectively overcome, for example, by
interproximal stripping. Good occlusion and normal periodontal conditions, with
intact gingival papillae between all teeth in the maxillary and mandibular arches,
could be observed in follow-up examinations more than 3.5 years after orthodontic
treatment1. Some authors2 mention that enamel reduction in premolars using rotary
instruments and appropriate technique does not damage dental pulp in most cases,
even if dentin is slightly exposed and polished. The use of fluoride after enamel
stripping was indicated and patients did not complain of any symptoms.
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Interproximal enamel stripping yields an alternative
method to tooth extraction for solving mild to moderate
crowding and has also been associated to short treatment
duration1-6. Moreover, interproximal enamel stripping is not
only useful for correcting tooth-arch discrepancies, but it
also increases treatment stability7-9, and keeps the transverse
dental arch dimensions and anterior inclinations constant1,6,10.

Although some authors mentioned that about fifty
percent of proximal enamel can be safely removed11-12, all
professionals who are willing to perform the striping
procedure should be aware of the estimates relative to the
proximal enamel thickness and crown measurements for
avoiding damaging to the dental structures and achieving
proper tooth recontouring. Thus, the aim of this experimental
investigation was to accurately assess the mean values of
the proximal enamel thickness, as well as the mesiodistal,
cervico-occlusal and buccolingual crown measurements, in
maxillary first premolars. The null hypotheses stated no
differences between enamel thicknesses according to the side
of the dental arch and proximal surface.

Material and methods

This experimental study was approved by the
Institutional Review Board, under the protocol number
13260742/2007, and complies with the Brazilian resolution
regulating research involving humans (Resolution 196/96).

Sample
Forty sound human maxillary first premolars (20 right

and 20 left) were selected from two tooth banks. All donors
were Brazilians, yet information on the gender, age and race
was unavailable. Teeth were separated into two groups (right
and left sides) and randomly numbered from 1 to 20.

Achievement of crown measurements
Mesiodistal (Figure 1), buccolingual (Figure 2) and

cervico-occlusal (Figure 3) measurements were obtained with
a digital caliper (Mitutoyo® Sul Americana Ltda., Suzano,
SP, Brazil) accurate to 0.01 mm, by a well-trained examiner.
The mesiodistal measurement was assumed as the distance
from the most central point in the contact area on the distal
surface to its counterpart on the mesial surface. The values
obtained from the midpoint on the buccal surface to the
midpoint on the lingual surface of crowns were registered as
the buccolingual measurement. The distance between the
occlusal edge of the buccal surface and the cementoenamel
or dentinoenamel junction at the cervical region of the tooth
corresponded to the cervico-occlusal measurement.

Enamel thickness assessment
All teeth were kept in a fixed position in rectangular

plastic flasks using utility wax and embedded in acrylic resin
(ARAZYN 1.0 – Redelease®, São Paulo, SP, Brazil). Tooth
sections were obtained using a diamond disc in a trimmer
Lab Cut® 1010 (Extec® Corp., Enfield, CT, USA), under

Fig. 1 – Measure of the tooth crown mesiodistal width.

Fig. 2 – Measure of the tooth crown buccolingual dimension.

Fig. 3 – Measure of the tooth crown cervico-occlusal height.

Fig. 4 – Resin block sectioned with the tooth 1-mm-thick cut central section.
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cooling to avoid specimen fracture. The mean speed of the
disc was maintained at 350 rpm. The specimens were
sectioned longitudinally through the proximal surfaces,
parallel to the buccal surface, producing 1-mm-thick central
sections (Figure 4). Each section corresponded to the most
central part of the crown, on the proximal surfaces, because
it encompassed the greatest mesiodistal dimension and,
hence, the area where the proximal enamel is thicker.

Based on previous research13, the sections were placed
in a perfilometer (Mitutoyo®, Profile Projector® PJ 300,
Kawasaki, Japan) accurate to 0.001 mm, so as the tooth long
axis coincided with the Cartesian axes of the device (X and
Y), which were displaced in horizontal and vertical directions,
respectively (Figure 5). Proximal enamel thickness was
measured by displacement of the Cartesian axis in mesial
and distal directions of the tooth section. Considering that
the measurements were obtained on the projected images of
the cut sections, all dimensions were measured three or six
times until the values coincided three times.

Statistical analyses
Mean (and the standard deviation), minimum and

maximum values and the coefficient of variation were
calculated for the enamel thickness on the mesial and distal
surfaces, as well as the mesiodistal, buccolingual and cervico-
occlusal measurements. Comparisons between mean values
registered for the right and left teeth, and enamel thickness
on the mesial and distal surfaces were carried out using the
Student’s t-test (α = 0.05).

Results

Minimum, maximum and mean values, as well as standard
deviations and coefficients of variation for the crown
measurements and enamel thicknesses of maxillary first
premolars are shown in Table 1. The greatest mean value
was observed for the buccolingual crown measurement,
followed by the cervico-occlusal and mesiodistal dimensions.

Fig. 5 – Projected image on the profilometer for measuring enamel thickness (A
and B).
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Variables Minimum (mm) Maximum (mm) Mean (mm) Standard Deviation Coefficient of Variation (%)
Right Side
Mesiodistal width 6.19 7.85 7.03 0.43 6.12
Buccolingual dimension 8.70 10.80 9.59 0.48 5.01
Cervico-occlusal height 7.37 9.82 8.65 0.66 7.63
Mesial enamel thickness 0.86 1.48 1.22 0.17 13.93
Distal enamel thickness 0.73 1.62 1.28 0.19 14.84

Left Side
Mesiodistal width 6.02 7.76 7.07 0.48 6.79
Buccolingual dimension 8.74 10.84 9.65 0.58 6.01
Cervico-occlusal height 7.34 9.84 8.85 0.65 7.34
Mesial enamel thickness 0.87 1.64 1.22 0.18 14.75
Distal enamel thickness 1.02 1.60 1.39 0.17 12.23

Table 1 -Table 1 -Table 1 -Table 1 -Table 1 - Measures of central tendency and dispersion relative to crown dimensions and proximal enamel thickness of
maxillary first premolars (right teeth n = 20, left teeth n = 20).

Mean enamel thickness on the mesial surface was 1.22 mm
on the right (± 0.17) and left (± 0.18) sides. On the distal
surface, the corresponding values were 1.28 mm (± 0.19) on
the right side and 1.39 mm (± 0.17) on the left side (Table
1). However, there were no statistically significant differences
(p>0.05) between measurements obtained for right and left
teeth (Table 2).

Based on the coefficients of variation, there was marked
variability of data in relation to the means for enamel
thicknesses on the mesial (13.93% to 14.75%) and distal

Evaluation of proximal enamel thickness and crown measurements in maxillary first premolars
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Variables t value* p value Significance
Mesiodistal width -0.220 0.827 Not significant
Buccolingual dimension -0.356 0.723 Not significant
Cervico-occlusal height -0.957 0.344 Not significant
Mesial enamel thickness 0.081 0.936 Not significant
Distal enamel thickness -1.994 0.053 Not significant

Table 2 - Table 2 - Table 2 - Table 2 - Table 2 - Comparative analysis of the measurements
obtained for right (n = 20) and left (n = 20) maxillary first
premolars.

*Critical value of two-tailed “t” test (38 degrees of freedom), tcritical (0.05;38) = 2.024394.

Variables Mean (sd*) p value Significance
Mesial enamel thickness 1.2195 (0.1730)   
Distal enamel thickness 1.3223 (0.1947) 0.001 Highly significant
* sd: standard deviation

Table 3 - Table 3 - Table 3 - Table 3 - Table 3 - Comparative analysis of the measurements
obtained for mesial (n = 40) and distal (n = 40) mean enamel
thicknesses.

(12.23% to 14.84%) surfaces of both sides (Table 1).
Conversely, data obtained for the mesiodistal, buccolingual
and cervico-occlusal measurements demonstrated homogeneity,
since the coefficients of variation were lower than 10%.
Although the coefficients of variation for proximal enamel
thicknesses were higher in comparison to the values obtained
for crown measurements, these indices may still be considered
relatively low.

Because no significant differences between mean enamel
thicknesses on the mesial and distal surfaces of right and
left maxillary first premolars were found, the measurements
for both sides were considered for comparison in Table 3.
The resultant mean value of enamel thickness was
significantly higher on the distal surfaces compared to the
mesial surfaces of maxillary first premolars.

Discussion

The analyses of tooth crown measurements and proximal
enamel thickness is actually useful to establish the diagnosis
and adequate orthodontic treatment planning, specifically
concerning the decision between tooth extraction and
interproximal enamel stripping. The latter treatment modality
may avoid extractions, decrease treatment time and provide
more favorable outcomes3-6. In addition, the orthodontist
should take into account that many patients may not be
willing to undergo tooth extractions14.

Interproximal enamel stripping may be a suitable
treatment alternative to solve mild to moderate tooth
crowding1,3,5,9. Accordingly, this therapeutic option may be
used in tooth-size discrepancies occurring in Class I
malocclusions, Class II malocclusions with mild deviations
in cephalometric measurements, especially after the growth
period, and Bolton discrepancy14, in which the teeth sizes
are greater than the space available in the dental arch. Around
8.9 mm of space may be gained in the dental arches using

interproximal enamel stripping techniques, which may also
be applied in posterior teeth15. However, the amount of enamel
to be removed should be estimated according to the severity
of tooth-size discrepancy5,11,16. Enamel reduction may be
substantial on teeth with deviating morphology, while
incisors with parallel proximal surfaces, screwdriver-shaped
teeth and rotated premolars may not be eligible for any
stripping1.

Concerning the crown measurements of maxillary first
premolars (Table 1), the smallest mean values were observed
for the mesiodistal width (7.03 – 7.07 mm). Another Brazilian
study recorded slightly greater values (7.51 – 7.53 mm)9.
Presumably, this variation may be attributed to methodological
differences between studies. In the present experimental
research, all measurements were taken directly on the teeth
using a digital caliper accurate to 0.01 mm, while the other
authors obtained the measurements on images of histological
sections of teeth projected on a computer monitor screen.
Digital images were acquired by a coupled camera and the
operator used the software tools for measuring crown width9.
This procedure may cause some image magnification, though
increasing mesiodistal crown measurement. The greatest mean
value was observed for the buccolingual crown dimension
(9.59 – 9.65 mm). Interestingly, the cervico-occlusal height
presented greater values of standard deviation and coefficient
of variation, maybe because the crown heights in some teeth
were reduced by occlusal wear (Table 1).

The direct register of crown measurements in the mouth
using a caliper revealed that the teeth had smaller mesiodistal
and greater buccolingual dimensions17. This finding
corroborates the results shown in Table 1. In another study5,
an index was designed to evaluate morphological deviations
of teeth, adding knowledge for better understanding
mandibular incisors crowding. The sample was composed of
White young adult females divided into two groups: one
group with satisfactory alignment of mandibular incisors and
the second group of patients with diagnosis of tooth crowding,
which was taken as the control group. Measurements were
also obtained directly on the patient’s mouth, using a caliper
with Venier scale. Comparison of the mesiodistal and
buccolingual dimensions of the same tooth revealed that
the former was smaller than the latter measurement in the
second group5.

Conventional and digital intraoral radiographs, as well
as computed tomography, are considered proper diagnostic
adjuncts for clinical assessments of tooth crown and proximal
enamel measurements18-19. Nevertheless, one disadvantage of
computed tomography is the blurred image on the limits of
enamel thickness smaller than 1.1 mm, which precludes
determination of the point from which the measurements
should be initiated, despite the high image resolution19. This
study presented data on the proximal enamel thickness of
maxillary first premolars (Table 1). Mesial (1.22 mm for both
sides) and distal (varying from 1.28 mm on the right side to
1.39 mm on the left side) mean values of enamel thickness
indicated a possible difference according to the proximal
surface. As shown in Table 3, the proximal enamel was
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significantly thicker on the distal surface in comparison to
the mesial surface (p = 0.001). This finding agrees with a
Brazilian study in which measurements were similarly
obtained on human maxillary first premolars, yet using a
different methodology9. The authors observed mean values
of mesial enamel thickness of 1.08 mm (right side) and 1.19
mm (left side) and distal enamel thickness of 1.29 mm (both
sides). A recent study also reported the significantly higher
enamel thickness on the distal surface in second mandibular
premolars, compared to the mesial surface13. It is worth
mentioning that some studies suggest limits for proximal
enamel stripping of 0.4-0.5 mm, regardless of the surface6-7,10.

Tooth banks do not provide information on the age
range, gender or race of the donors. However, since this sample
included only sound human premolars, it may be assumed
that these teeth were donated by adolescents or young adults.
Even though mastication also influences the reduction of
proximal enamel, its greater effect occurs on occlusal wear.
Moreover, considering that people have adopted a
predominantly semi-solid diet since the past century, a
significant loss of proximal enamel due to mastication forces
is more frequent in elderly individuals20-22. With regard to
gender dimorphism, a study revealed that the mesiodistal
dimensions of the tooth crown for males were greater
compared to the measurements obtained in females23. Some
authors evaluated the mesiodistal and buccolingual
dimensions of tooth crowns in North Americans, Egyptians
and Mexicans24. All these populations exhibited significant
difference between measurements in males and females24,
which confirmed the findings of that previous study23. Males
presented greater canines and first molars24. A plausible
explanation for the gender dimorphism may be related to
the fact that the dentin thickness seems to be greater in
males10,18. Thus, the greater mesiodistal crown measurement
in males may probably be a consequence of the thicker dentin
layer under the tooth enamel.

In the present study, the mesiodistal, buccolingual and
cervico-occlusal crown measurements, as well as the proximal
enamel thickness, were evaluated irrespective of the gender.
Furthermore, the maxillary first premolars selected were
donated by patients who underwent a certain degree of the
so-called miscegenation. However, for all measurements
obtained, there was no statistically significant difference
between right and left teeth (Table 2), demonstrating
symmetry in crown morphology and proximal enamel
thickness of the maxillary first premolars.

Radiography and computed tomography, specifically
cone-beam computed tomography, can be used in the clinical
practice to estimate the amount of proximal enamel that may
be safely removed, considering each patient individually9.
Nonetheless, it would also be clinically relevant to perform
experimental studies for assessing crown measurements and
proximal enamel thickness, since these values may be taken
as parameters during interproximal stripping. In the present
study, distal enamel was significantly thicker compared to
the mesial enamel. Hence, it is suggested that greater
interproximal stripping may be performed on the distal

surface. After interproximal stripping, the use of accurate
measuring devices is advocated to estimate the magnitude
of enamel reduction25. As a contribution to orthodontists,
this study demonstrated that, in maxillary first premolars,
the buccolingual measurement presented the highest mean
value, followed by the cervico-occlusal and mesiodistal
dimensions, even though the difference between the mean
values related to these measurements were lower than 2 mm.
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