CLINICAL

Facial Alveolar Bone Width at the First and Second
Maxillary Premolars in Healthy Patients: A Cone Beam
Computed Tomography Study
The purpose of this study was to analyze the thickness of the facial alveolar bone at the first and second maxillary premolars and
determinate the percentage of premolars that reached 2 mm in width. A retrospective study was performed, analyzing cone beam
computed tomography scans from the database of the Oral Surgery Unit of the University of Valencia. Patients with periodontal disease,
orthodontic treatment, absence among the first maxillary molars, premolars with endodontic treatment, or prosthetic restorations were
excluded. The facial alveolar bone width was measured at 1, 2, 3, and 5 mm apical to the vestibular bone peak. A total of 44 patients were
included in the study, with 72 first premolars and 72 second premolars analyzed. A descriptive analysis was performed and the normal
means were assessed using the Kolmogorov-Smirnov test. The average width of the facial alveolar bone at first and second maxillary
premolars was respectively: 1.41 6 0.50 and 1.72 6 0.56 at 1 mm, 1.68 6 0.72 and 2.23 6 0.66 at 2 mm, 1.71 6 0.89 and 2.43 6 0.82 at 3
mm, 1.44 6 1.00 and 2.31 6 1.06 at 5 mm from the vestibular bone peak. The facial alveolar bone width at the second maxillary premolars
was greater than at the first maxillary premolars at all points measured. This information should be taken in account when planning
immediate implants. Further studies are needed to analyze bone resorption at maxillary premolars to better understand facial alveolar
bone width influence in implant treatment.
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INTRODUCTION

T

he alveolar process is a tooth-dependent structure, and
its development is strictly connected to dental eruption.1 It is well known that marked volumetric alterations
occur at the edentulous site following tooth extraction;
not only the facial alveolar bone (FAB) is reabsorbed but, in
consequence, the buccal-lingual/palatal dimension is reduced.2
Such resorption is related with the width of the FAB. When FAB
width is ,1 mm, a mean height loss of 7.5 mm has been
observed after tooth extraction, while in the case of a width of
1 mm, the mean height loss was found to be 1.1 mm.3 Thus,
the thickness of the FAB in the anterior maxilla is crucial for the
selection of the appropriate implant treatment approach.4
Several studies using CBCT images have analyzed FAB of
dentate patients at different levels below the alveolar bony
crest.5–8 CBCT provides a highly accurate method to evaluate
bone architecture.9 Most studies focus on measurements
referred to the incisors and canines, but relatively few
studies10–12 analyze FAB width at the first and second premolar,
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which also belong to the aesthetic zone. Authors who have
measured anterior and posterior areas have reported a
significant decrease in thickness from premolars to anterior
teeth.4,11 The literature does not fully clarify the width of the
FAB at the maxillary premolars. These values also vary
according to the measurement method and the level below
the bone crest at which measurement is carried out, but it
seems that FAB at first maxillary premolars is thinner than that
at second maxillary premolars.8,12 To our knowledge, no studies
have focused on and analyzed the FAB width in detail at the
first and second maxillary premolars.
The aim of the present study was to evaluate and compare
the FAB width at the first and second maxillary premolars. A
further aim was to analyze the percentage of first and second
premolars in which the width of this cortical bone is greater
than 2 mm.

MATERIAL

AND

METHODS

The study protocol was submitted to and approved by the
Ethics Committee of the University of Valencia, Spain (procedure no. H145639215058). The CBCT images were retrospectively obtained from the database of the Unit of Oral Surgery in
the University of Medicine and Odontology of Valencia. All
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CBCT scans had been performed for diagnostic or treatment
purposes between September 2014 and February 2016. None
of the scans were made for purely scientific reasons.
Inclusion criteria
The subjects meeting the inclusion criteria were men and
women between ages 18 and 60 years, with all teeth present
from central incisors to first molars bilaterally, and who had no
history of orthodontic treatment. In addition, the distance
between cementoenamel junction (CEJ) and the vestibular
bone peak at premolars was ,3.5 mm.

slice was traced at the middle of the root. Then, the long axis of
the root was determined at the sagittal slice (Figure 1). The
measurements from the CEJ to the vestibular bone peak and of
the thickness of the FAB were performed at the coronal plane.
In this sense, four measurements were then made parallel to
this perpendicular line 1, 2, 3, and 5 mm apical to the vestibular
bone peak (Figure 2).

Exclusion criteria
Patients with periodontal disease, orthodontic treatment, absence among the first maxillary molars, premolars with endodontic treatment, caries or prosthetic restorations were excluded.
Patient data collection
The following variables were collected for each patient using a
predetermined study protocol: sex, age, smoking habits, and
the reason for having the CBCT scan performed.
Radiographic image analysis
The CBCT images were acquired using Planmeca ProMax 3D
(Helsinki, Finland) Software 2.3.1. R TM Planmeca Romexis with
a voxel size of 150 mSv, 90 kV, 10.0 mA, and a field of view
(FOV) of 4 3 4 cm. The scans were uni or bilateral depending on
their diagnostic purpose. All images were analyzed with the
same computer and same monitor (Eizo Nanao Flexscan with a
resolution of 1280 3 1024 pixels). To detect the slice location to
perform the measurements, we proceeded as follows: The
alveolar crest was located at the axial plane, and a buccolingual
262
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FIGURE 2. Measurements at the coronal slice. Line A: line of
reference along the longitudinal axis of the premolar. Line B: line of
reference perpendicular to the long axis of the premolar at the
level of bone crest. Lines C: lines of reference 1, 2, 3, and 5 mm
apical to the bone crest and parallel to line A. Line D: measurement
from the CEJ to the vestibular bone peak. Lines E: measurements of
the facial alveolar bone thickness, parallels to line B, and with
reference to lines C.
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FIGURE 1. (a) Slice location in the axial plane was along the center of the premolar’s root, at the height of the bone ridge. (b) Slice location in
the sagittal plane was along the long axis of the premolar’s root.
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TABLE 1
Sample description according first or second premolar, type of CBCT scan and its purpose and smoking habits*
Patients included in the study: 44
CBCT purpose
First
premolars
72

Second
premolars

Unilateral

Bilateral

Palatally
impacted
canines

72

16

28

9

CBCT scans

Smokers

Impacted
wisdom
molars

Apical
surgery

Implant
planning

No

Light
(10 cigarettes/day)

Heavy
(.10 cigarettes/day)

16

7

12

23

12

9

*CBCT indicates cone beam computerized tomography.

RESULTS

A descriptive analysis was made, based on the most relevant
statistics: mean, standard deviation, maximum, minimum, and
median. Statistical software used was Statistical Package for the
Social Sciences, SPSS 15.0 (SPSS Inc, Chicago, Ill). The normality
of the measures was assessed by means of the KolmogorovSmirnov test, obtaining a confirmatory result for most of the
measures (P . .05).
The mean bone width and standard deviation per tooth
and per patient were recorded based on 4 measurements at
various depths. Measurements were compared between right
maxillary first and second premolars, between left maxillary first
and second premolars, and between all first and second
maxillary premolars. The related measures t test was used for
comparing means. The significance level used in the analysis
was 5% (a ¼ .05), but Bonferroni’s correction was applied to
control the propagation of type I error. In that case, the
reference level would be 0.004 (¼ 0.05/12, where 12 is the total
number of contrasts). A t test had a power of 90% to detect a
moderate effect (d ¼ .5), which is equivalent to detecting a
mean difference in bone width between first and second
premolars of 0.35 mm with a standard deviation of 6 0.70 mm.

Sample description
The study population consisted of 44 patients, 25 men and 19
women between ages 18 and 60 years. Nine patients were
heavy smokers (.10 cigarettes/day), 12 were light smokers
(10 cigarettes/day), and 23 were nonsmokers.
Sixteen CBCT scans were unilateral and 28 were bilateral.
Thus, a total of 72 upper first premolars and 72 upper second
premolars were analyzed (Table 1).
Radiographic outcomes
The mean distance between the CEJ and the vestibular bone
peak was 2.34 6 0.82 (0.95–3.5 mm) at the first premolars and
1.82 6 0.72 (0.62–3.48 mm) at the second premolars, with a
statistically significant difference (P , .001).
The FAB width at the 4 levels below the vestibular bone
crest (1, 2, 3, and 5 mm) for first and second maxillary premolars
is reported in Table 2 and Figure 3. All comparisons showed
statistically significant differences with higher values at the
second premolar.
Moreover, most of second premolars reached 2 mm FAB

TABLE 2
FAB of all first and second premolars at 1, 2, 3, and 5 mm apical distance from the vestibular bone peakÀ
Distance from the
bone peak

Mean (SD; range)
Premolar

Left (n ¼ 35)

Right (n ¼ 37)

Whole sample (n ¼ 72)

t test (P-value)

1 mm

First
Second

1.39 (0.51; 0.62–3.3)
1.68 (0.52; 0.9–3.3)

1.43 (0.49; 0.45–3)
1.76 (0.59; 0.75–4.06)

1.41 (0.5; 0.45–3.3)
1.72 (0.56; 0.75–4.06)

2 mm

First
Second

1.68 (0.7; 0.47–3.9)
2.22 (0.56; 1.20–4.05)

1.68 (0.74; 0.6–3.63)
2.25 (0.75; 0.75–4.66)

1.68 (0.72; 0.47–3.9)
2.23 (0.66; 0.75–4.66)

3 mm

First
Second

1.70 (0.85; 0.45–4.05)
2.48 (0.75; 0.45–4.5)

1.72 (0.93; 0.45–3.93)
2.37 (0.9; 0.6–4.51)

1.71 (0.89; 0.45–4.05)
2.43 (0.82; 0.45–4.51)

5 mm

First
Second

1.39 (0.84; 0.3–4.05)
2.39 (1.06; 0.3–5.85)

1.5 (1.13; 0.3–5.25)
2.23 (1.06; 0.6–4.51)

1.44 (1.00; 0.3–5.25)
2.31 (1.06; 0.3–5.85)

Left: .003**
Right: .002**
Whole sample: ,.001***
Left: ,.001***
Right: ,.001***
Whole sample: ,.001***
Left: ,.001***
Right: ,.001***
Whole sample: ,.001***
Left: ,.001***
Right: ,.001***
Whole sample: ,.001***

*P , .05.
**P , .01.
***P , .001.
ÀFAB indicates facial alveolar bone.
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Statistical analysis
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width, while very few of the first premolars analyzed reached it.
Data are reported in Table 3.
CONCLUSION
DISCUSSION

The main purpose of this study was to analyze and compare the
FAB width at different locations apical to the CEJ of the first and
second maxillary premolars and to determine the percentage of
cases in which the width reached 2 mm.
This study describes the mean FAB thickness observed in a
sample of 44 patients with healthy dentition. The FAB width
was greater at the second premolars, and a width of at least 2
mm was more frequently observed at second premolars.
Another finding of the present study refers to the distance
from the CEJ to the bone crest, which was significantly greater
in the case of the first premolars. These results are in line with
those reported in the literature. A recent study8 analyzed CBCT
images of 3618 teeth including incisors, canines, premolars, and
first molars. The mean FAB width at anterior teeth was 0.9 mm
and increased towards distal regions. Only 1.8% of anterior
teeth reached 2 mm in width. The results of those studies that

Within the limitations of our study, the results obtained suggest
that FAB width at the second maxillary premolars is greater
than at the first maxillary premolars. At 2 mm below the bone
crest, most of the second maxillary premolars showed a FAB
width of at least 2 mm, while very few first premolars reached
this value.

ABBREVIATIONS
CBCT: cone beam computed tomography
CEJ: cementoenamel junction
FAB: facial alveolar bone
FOV: field of view
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TABLE 3
Percentage of premolars that reached a FAB width of
2 mm*
Premolars that reached 2 mm width
Distance from the bone peak
1
2
3
5

mm
mm
mm
mm

*FAB indicates facial alveolar bone.
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First (%)

Second (%)

11.36
25
30.55
20.83

56.81
70.83
79.16
76.30
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