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ABSTRACT
Objective: it is important to know the thicknesses of the alveolar bone plates (ABPs) based on the current literature 
for the planning and success of orthodontic treatment. However, studies have scientific limitations regarding ABPs 
as the image resolution is not adequate and is restricted to a few teeth or buccal face only. This study was aimed 
at reporting a reference standard for bone plates of upper teeth, in which 15 patients (mean age of 21.79 years) 
with balanced occlusion and a harmonious facial profile were evaluated using cone-beam computed tomography 
at a voxel size of 0.1 mm. Material and Methods: bone tissues of the cervical, middle, and apical thirds of the 
root (buccal and palatal), the distance between cement-enamel junction (CEJ) and alveolar bone crest (ABC), 
and inclination of the teeth to the palatal plane were evaluated. Paired t-test, Spearman’s correlation tests, and 
linear regression tests were used (P < 0.05). Results: the buccal distance between the CEJ and ABC was greater 
than the palatal one in all pairs of teeth. Most of the bone tissues had a thickness ≤ 1 mm in the buccal face, 
whereas in the cervical-apical direction, the thickness was ≥ 2 mm. There is no equivalence between genders 
in the sample. Conclusion: the reduced buccal bone architecture around the first premolars was indicative of 
local gingival recessions, and the lack of gender uniformity was suggestive of individual evaluation. References 
of normal bone tissue determining the orthodontic limits were provided to assist in the treatment planning.
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RESUMO
Objetivo: é importante conhecer as espessuras das cristas ósseas alveolares (COAs) com base na literatura 
atual para o planejamento e sucesso do tratamento ortodôntico. No entanto, os estudos apresentam limitações 
científicas em relação às COAs, pois a resolução da imagem não é adequada e está restrita apenas a alguns dentes 
ou face vestibular. Este estudo teve como objetivo descrever um padrão de referência para corticais ósseas de 
dentes superiores, no qual 15 pacientes (idade média de 21,79 anos) com oclusão equilibrada e perfil facial 
harmonioso foram avaliados por meio de tomografia computadorizada de feixe cônico no tamanho de voxel de 
0,1 mm. Material e Métodos: os tecidos ósseos dos terços cervical, médio e apical da raiz (vestibular e palatina), a 
distância entre a junção cemento-esmalte (JCE) e a crista óssea alveolar (COA) e a inclinação dos dentes ao plano 
palatino foram avaliados. Foram utilizados o teste t pareado, os testes de correlação de Spearman e os testes de 
regressão linear (P < 0,05). Resultados: a distância vestibular entre a JEC e a COA foi maior que a palatina em 
todos os pares de dentes. A maioria dos tecidos ósseos apresentou espessura ≤ 1 mm na face vestibular, enquanto 
no sentido cérvico-apical a espessura foi ≥ 2 mm. Não há equivalência entre os gêneros na amostra. Conclusão: 
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INTRODUCTION

Assessment of alveolar bone thicknesses is 
extremely important in the orthodontic treatment 
as tilting movements of the teeth, mainly 
buccally, should respect the biological limitations 
of the bone plates in order to avoid unfavourable 
repercussions to the supportive and protective 
periodontal tissues. Bone dehiscences and 
fenestrations may develop or even worsen when 
iatrogenic orthodontic treatment is performed in 
the presence of periodontal inflammation [1-6]. 
Amount of bone density around the dental root 
as well as the position of the root apex are major 
anatomical landmarks in the planning of root 
torque movements [1,3,7-12].

Nowadays, because of the high number of 
adult patients with periodontal problems who seek 
orthodontic treatment for aesthetics, self-esteem 
and social interaction [9,13,14], the integration 
between periodontics and orthodontics has been 
valued by the rehabilitating benefits achieved 
in the long term. In this scenario, orthodontic 
aligners have been chosen by part of the patients 
and practitioners to replace the conventional fixed 
appliances as they apply mild forces [9,15,16] and 
provide comfort and biomechanical effectiveness, 
besides allowing to be personalised, aesthetical 
and removable. Application of mild forces is 
an important characteristic in the treatment of 
patients with thin bone plates, mainly in the 
buccal face [7,12].

Many scientific studies emphasise the 
measurement of bone plate thickness in the anterior 
and buccal faces before and after treatment, but 
no thickness pattern has been reported by using 
tomographic images acquired with adequate 
voxel size [12,17-20]. Periodontal diagnosis has 
become more precise when made together with 
three-dimensional images obtained with cone 
beam computed tomography (CBCT) without 
magnification (exact linear measurements 
1:1) [17], thus allowing to obtain reliable 
measurements of the bone structures [18,21]. There 

are several studies reporting the importance of this 
resource [4,13,14,22-24], but reservations should be 
made regarding the image resolution at voxel sizes 
ranging from 0.25 to 0.3 mm [19,20,24-26]. Bone 
plates have more precise and reliable measurements 
when scanned at high resolution (e.g., a small voxel 
size of 0.1 mm) because of their thin anatomical 
structures, mainly in the buccal face.

The provision of a standard of bone plate 
thicknesses, with new reference values based 
on a population with static dental occlusion and 
ideal facial pattern, can assist in the indication of 
root torques in the pre-treatment phase in order 
to preserve healthy periodontal structures or 
even improve them as well as to identify alveolar 
bone levels impeding or limiting certain types 
of orthodontic movements, which can decrease 
the longevity of the supportive and protective 
periodontal tissues [3,4,14,17]. In this way, the 
practitioner could feel more confident when 
performing the procedures, mainly regarding 
expansive movements of the dental arches.

In view of the importance of evaluating the 
alveolar bone plates before, during and after 
treatment, this study has established a reference 
standard for bone plates of upper teeth in patients 
with harmonious facial profile and balanced 
occlusion who had never been orthodontically 
treated. High resolution CBCT was used with a 
voxel size of 0.1 mm for a precise diagnosis and 
treatment planning.

MATERIAL AND METHODS

This study was approved by the Research 
Ethics Committee of the University of Guarulhos 
(UNG) according to protocol number CAAE 
89786318-8-0000-5506.

Sample

The sample consisted of tomographic records 
provided by the Oral Radiology and Orthodontic 
Documentation Institute (INDOR), São Paulo, Brazil, 

a arquitetura óssea vestibular reduzida ao redor dos primeiros pré-molares foi indicativa de recessões gengivais 
locais, e a falta de uniformidade de gênero foi sugestiva de avaliação individual. Referências de tecido ósseo 
normal determinando os limites ortodônticos foram fornecidas para auxiliar no planejamento do tratamento.

PALAVRAS-CHAVE
Tecido ósseo; Tomografia computadorizada de feixe cônico; Processo alveolar; Ortodontia; Diagnóstico.
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and which were previously obtained for diagnosis 
of the intra-osseous position of third molars. 
Tomographic images were selected according to 
the following inclusion criteria: patients presenting 
Class I skeletal malocclusion, normal occlusion, 
harmonious facial profile and no previous history 
of orthodontic treatment (data from digital files) 
and whose tomographic images were acquired with 
voxel size of 0.1 mm. The exclusion criteria were 
the following: patients with missing upper teeth, 
agenesis, dental anomalies of shape and number 
or bone pathologies; patients wearing prosthesis; 
patients endodontically or orthodontically treated; 
patients younger than 14 or older than 35 years 
old; and patients with periodontal disease. From 
the 249 patients, only 15 individuals were selected 
for study, in which 11 were female and four male 
aged between 14 and 32 years old (mean age of 
21.79 years).

The teeth were the following: upper central 
incisors (teeth #11 and #21), upper lateral 
incisors (teeth #12 and #22), upper canines 
(teeth #13 and 23#), upper first molars (teeth 
#14 and #24) and upper second premolars (teeth 
#15 and #25). Molars were not included in the 
sample because their bone plates could not be 
accurately visualised as a whole. Therefore, a total 
of 150 teeth were evaluated, yielding 1,200 linear 
and 150 angular measurements. Sample power 
was 99% and alpha value was 0.05.

Image acquisition

CBCT images published in this article were 
obtained from PreXion3D tomography (PreXion 
3D, Inc., San Mateo, CA, USA) operating at 90 kV, 
4 mA, exposure time of 37 seconds, voxel size of 

0.1 mm, and field of view of 5 x 5 (56 cm diameter) 
was used for acquisition of the images, which were 
processed in DICOM format and analysed with a 
conventional computer. Volumetric reconstructions 
of the maxilla were carried out using the software 
PrexViewer (PreXion, Inc., San Mateo, CA, USA), 
version 2.2.1.1. Each patient was seated in an 
erect position, with the Frankfort plane being in 
parallel to the floor during the scanning process. 
All tomographic images were assessed, and 
measurements were made by only one examiner 
(L.D.L.) for calculation of intra-rater error and by 
another examiner (S.N.) for inter-rater calculation.

Anterior and posterior teeth

A methodological sequence was used to 
assess linear and angular measurements based 
on a protocol set by Nahás-Scocate, Scocate 
(2014); Nahás-Scocate et al. (2014) [13,27]. 
In the coronal view, the software’s horizontal line 
was positioned to obtain the best axial section of 
the pulp chamber, whereas in the axial view, the 
horizontal and vertical lines of the software were 
positioned at the centre of the pulp chamber to 
be observed. Next, in the sagittal and coronal 
views, the software’s vertical line was positioned 
on the long axis of the root. The sagittal view 
of the anterior teeth and coronal view of the 
posterior ones were maintained on a single screen 
to allow a better visualisation of the section to be 
measured (Figure 1A-1B).

A line was traced on the cement-enamel 
junction (CEJ) by using the software’s distance 
tool and setting the magnitude between 7 and 
8 mm/div. All the measurements were obtained 
by using the software’s configuration Tooth2 for 

Figure 1 - Three-dimensional multiplanar reconstructions. (A) selection of section for measurement of anterior teeth and (B) selection of section 
for posterior teeth.
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multiplanar re-construction. The distance from 
the buccal face to the palatal face on the CEJ was 
measured (x) and divided into half (y) in order 
to draw the long axis of the root in relation to 
the apex. Long axes of the buccal and palatal 
roots were traced for measurement of the bone 
plates of the posterior teeth, in which a line 
passed through the half of the distance “y” and 
apex of each root, with the buccal bone plate 
corresponding to the buccal root and palatal bone 
plate corresponding the palatal root.

The root length was obtained and divided 
into three equal thirds as follows: cervical (C), 
middle (M) and apical (A) thirds. The amount of 
bone tissue in the cervical third was measured in 
parallel to the CEJ line, that is, at 3.0 mm from 
the CEJ. The amount of bone tissue in the middle 
and apical thirds was measured at the half of the 
third. The periodontal ligament space was not 

considered. The following abbreviations were 
used: CBT for cervical buccal thickness, MBT for 
middle buccal thickness, ABT for apical buccal 
thickness, CPT for cervical palatal thickness, 
MPT for middle palatal thickness, and APT for 
apical palatal thickness. To determine the height 
of alveolar bone crest, the CEJ was measured in 
the buccal (from the buccal alveolar crest - BAC) 
and palatal faces (from the palatal alveolar crest 
- PAC) in parallel to the long axis of the root 
(Figure 2A-2B).

Measurement of the angle Tooth.PP, which is 
the long axis of the root in relation to the palatal 
plane, was obtained for all teeth by tracing a 
longitudinal line through the region of the furca. 
The distance PP was obtained by drawing a line 
between palatal cortical bone and nasal cortical 
bone on an equidistant basis (Figure 3A-3B).

Figure 3 - Tooth.PP angle for anterior (A) and posterior (B) teeth.

Figure 2 - Measurement of the bone plates in anterior (A) and posterior (B) teeth. Abbreviations: CBT (cervical buccal thickness), MBT (middle 
buccal thickness), ABT (apical buccal thickness), CPT (cervical palatal thickness), MPT (middle palatal thickness), APT (apical palatal thickness), 
BAC (buccal alveolar crest), and PAC (palatal alveolar crest).
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Statistical analysis

After 30 days, thirty per cent of the 
tomographic images were randomly selected for 
calculation of intra-rater (L.D.L.) and inter-rater 
(L.D.L and S.N.) errors. Bland-Altman method 
and paired t-test were used (P < 0.05).

Statistical analyses were performed by using 
the BioStat software for Windows (version 5.8.3.0, 
AnalystSoft Inc.). Means and standard deviations 
(SD) were calculated for all measurements, in 
which paired t-test was used to determine the 
differences in the thickness of buccal and palatal 
bone plates between sides and between genders. 
ANOVA test was used for comparisons between 
variables analysed, whereas Tukey’s test was used 
for post-hoc comparisons. Spearman’s correlation 
was used for comparison of the bone thickness 
with angle Tooth.PP and age. Models of multiple 
linear regressions were used to assess the joint 
action of factors on the variable’s responses. 
All statistical tests were performed a significant 
level of 0.05 (P < 0.05).

RESULTS

There was a high degree of concordance 
in the intra- and inter-rater assessments (0.95), 
which evidences the high reliability of the 
method, and no proportion bias was identified 
by using the Bland-Altman method. The mean 
of differences between the measurements 
replicated were 0.0053 (-0.4035 to 0.4140) and 
0.0052 (-0.2652 to 0.2755) (Table 1) regarding 
intra-rater and inter-rater errors, respectively.

The present study assessed the difference in 
the measurements (CBT, MBT, ABT, CPT, MPT, 
APT, BAC, PAC, Tooth.PP) between the right and 
left sides by using paired t-test. The measurements 
between sides had no significant differences, 
except CBT for central incisors (P = 0.007) and 
Tooth.PP for canines (P = 0.035). Therefore, we 
decided to obtain the mean of the measurements 
between sides for pairs of teeth (11/21, 12/22, 
13/23, 14/24 and 15/25). Table 2 shows the 
means and standard deviations of the values 

Table 1 - Intra-rater error for paired t-tests and Inter-rater error for paired t-tests, respectively (P < 0.05)

Measurements (mm)
First measurement Second measurement

P-value
Mean ± SD** Mean ± SD

ABT 1.3 ± 0.8 1.3 ± 0.8 1.000

MBT 1.0 ± 0.8 1.0 ± 0.7 0.343

CBT 0.8 ± 0.7 0.8 ± 0.6 0.092

APT 5.8 ± 3.3 5.9 ± 3.2 0.703

MPT 2.5 ± 1.1 2.5 ± 1.1 0.252

CPT 0.8 ± 0.4 0.8 ± 0.4 0.815

BAC 1.6 ± 0.8 1.6 ± 0.8 0.832

PAC 2.2 ± 0.8 2.1 ± 0.7 0.109

Tooth.PP 100.6 ± 11.9 100.4 ± 12.0 0.348

First measurement Second measurement

(Examiner #1) (Examiner #2)

ABT 1.3 ± 0.9 1.3 ± 0.9 0.307

MBT 1.2 ± 0.9 1.2 ± 0.9 0.634

CBT 1.0 ± 0.7 1.0 ± 0.7 0.524

APT 6.0 ± 2.8 6.1 ± 2.8 0.270

MPT 2.9 ± 1.3 2.9 ± 1.3 0.121

CPT 1.0 ± 0.5 1.0 ± 0.5 0.367

BAC 1.4 ± 0.6 1.5 ± 0.5 0.334

PAC 1.0 ± 0.5 1.0 ± 0.5 0.751

Tooth.PP (º) 99.6 ± 11.5 99.7 ± 11.4 0.861

**SD = standard deviation. Abbreviations: ABT = apical buccal thickness; MBT = middle buccal thickness; CBT = cervical buccal thickness; APT 
= apical palatal thickness; MPT = middle palatal thickness; CPT = cervical palatal thickness; BAC = buccal alveolar crest; PAC = palatal alveolar 
crest; Tooth PP = long axis of the root in relation to the palatal plane.



6 Braz Dent Sci 2022 Oct/Dec.;25 (4): e3608

Scocate ACRN et al.
Reference standard thickness for bone plates of upper teeth: an ultra-high-resolution study using tomographic mapping

Scocate ACRN et al. Reference standard thickness for bone plates of upper teeth: 
an ultra-high-resolution study using tomographic mapping

of bone plate thickness for each pair of teeth 
regarding all variables studied.

An ANOVA test was used for comparisons 
between the variables studied, whereas Tukey’s 
test was used for post-hoc comparisons (Figure 4). 
In all pairs of teeth, the thickness of the palatal 
bone was found to be greater in the apical third 
than in the middle third. On the other hand, the 
thickness of the buccal bone was thinner in the 
cervical third of incisors and canines as well as in 
the apical third of first premolars. The thickness of 
the palatal bone was also thinner in the cervical 
third of second premolars.

The distance from CEJ to the buccal alveolar 
crest (BAC) is longer than to the palatal alveolar 
crest (PAC) in all pairs of teeth, being statistically 
significant.

Regarding sexual dimorphism, the variables 
APT, MPT and CPT were greater in males for 
the pair of teeth #11/21, whereas BAC was 
statistically significant greater in females. There 
was difference in the measurement MBT for the 
pair of teeth #12/22, which was greater in males. 
There was also difference in the measurement 
PAC for the pair of teeth #15/25, which was 
greater in females. The other pairs of teeth 
(#13/23 and #14/24) showed no statistically 
significant differences between genders (Table 3).

Table 4 lists the percentage of the sample 
with bone plate thickness ≤ 1mm, between 
1 and 2 mm, and ≥ 2 mm. In the buccal face, 
the majority of the bone plates had a thickness 
≤ 1 mm, whereas those ≥ 2 mm were found in the 

pair of teeth #15/25 for variables CBT (33%), 
MBT (37%) and ABT (43%); in the pair of teeth 
#14/24 for MBT (7%), and in the pairs of teeth 
#11/21 (3%), #12/22 (17%), #13/23 (10%) for 
ABT only. On the other hand, in the palatal face, 
the bone thickness was found to be increased in 
the cervico-apical direction.

The percentage of bone thickness ≤ 1 mm in 
the cervico-palatal region was higher compared 
to that of thicknesses of 1-2 mm and ≥ 2 mm 
in all teeth evaluated (50% to 83%), except 
for central incisors (40%). In the mid-palatal 
region, the percentage of bone thickness ≥ 2 mm 
was higher in all pairs of teeth (50% to 93%) 
compared to that of thicknesses ≤ 1 mm (0% 
to 7%) and between 1 mm and 2 mm (7% to 

Table 2 - Means ± SD** of the values of bone plate thickness for each variable studied by pair of teeth

Measurements 
(mm)

Pair of Teeth

11/21 12/22 13/23 14/24 15/25

ABT 1.1 ± 0.5 1.1 ± 0.7 1.1 ± 0.6 0.6 ± 0.4 1.9 ± 1.1

MBT 0.6 ± 0.3 0.6 ± 0.5 0.6 ± 0.4 0.9 ± 0.6 1.7 ± 1.0

CBT 0.6 ± 0.3 0.5 ± 0.3 0.6 ± 0.3 0.8 ± 0.5 1.6 ± 0.8

APT 5.6 ± 1.3 4.0 ± 1.0 8.0 ± 3.6 4.8 ± 2.1 6.0 ± 2.3

MPT 3.0 ± 1.1 2.3 ± 0.7 3.5 ± 0.9 2.1 ± 0.9 2.5 ± 1.2

CPT 1.3 ± 0.5 1.0 ± 0.4 0.7 ± 0.3 0.7 ± 0.3 1.0 ± 0.5

BAC 1.7 ± 0.6 1.8 ± 0.6 2.0 ± 1.0 2.0 ± 0.8 1.5 ± 0.6

PAC 1.0 ± 0.3 0.9 ± 0.4 1.4 ± 0.7 1.6 ± 0.5 1.5 ± 0.5

Tooth.PP (º) 112.3 ± 9.1 117.5 ± 7.9 107.4 ± 8.0 93.5 ± 9.4 93.5 ± 7.0

**SD = standard deviation. Abbreviations: ABT = apical buccal thickness; MBT = middle buccal thickness; CBT = cervical buccal thickness; APT 
= apical palatal thickness; MPT = middle palatal thickness; CPT = cervical palatal thickness; BAC = buccal alveolar crest; PAC = palatal alveolar 
crest; Tooth PP = long axis of the root in relation to the palatal plane.

Figure 4 - Comparisons between the variables studied. 
Abbreviations: CBT (cervical buccal thickness), MBT (middle buccal 
thickness), ABT (apical buccal thickness), CPT (cervical palatal 
thickness), MPT (middle palatal thickness), APT (apical palatal 
thickness).



7Braz Dent Sci 2022 Oct/Dec.;25 (4): e3608

Scocate ACRN et al.
Reference standard thickness for bone plates of upper teeth: an ultra-high-resolution study using tomographic mapping

Scocate ACRN et al. Reference standard thickness for bone plates of upper teeth: 
an ultra-high-resolution study using tomographic mapping

Table 3 - Mean ± SD** of the thickness of the bone plates by pairs of teeth for females and males

Pair of teeth Measurements (mm) Female Male P-value (t-test)

11/21

ABT 1.2 ± 0.5 0.8 ± 0.6 0.071

MBT 0.6 ± 0.2 0.6 ± 0.3 0.956

CBT 0.5 ± 0.3 0.7 ± 0.2 0.071

APT 5.1 ± 1.0 6.9 ± 1.1 0.000

MPT 2.7 ± 0.8 4.0 ± 1.2 0.001

CPT 1.1 ± 0.4 1.7 ± 0.5 0.007

BAC 1.8 ± 0.6 1.6 ± 0.6 0.447

PAC 1.1 ± 0.3 0.8 ± 0.3 0.028

Tooth.PP (º) 113.9 ± 9.5 107.9 ± 6.4 0.113

12/22

ABT 1.0 ± 0.7 1.2 ± 0.8 0.564

MBT 0.5 ± 0.3 1.1 ± 0.6 0.000

CBT 0.5 ± 0.2 0.6 ± 0.4 0.573

APT 3.9 ± 0.9 4.4 ± 1.2 0.222

MPT 2.2 ± 0.6 2.6 ± 1.0 0.213

CPT 1.0 ± 0.3 1.0 ± 0.5 0.885

BAC 1.7 ± 0.5 2.1 ± 0.9 0.208

PAC 0.9 ± 0.4 0.9 ± 0.5 0.637

Tooth.PP (º) 118.9 ± 8.3 113.9 ± 5.6 0.125

13/23

ABT 1.0 ± 0.5 1.2 ± 0.9 0.631

MBT 0.7 ± 0.4 0.6 ± 0.4 0.722

CBT 0.6 ± 0.4 0.6 ± 0.1 0.851

APT 7.7 ± 3.3 8.9 ± 4.2 0.411

MPT 3.3 ± 0.9 3.8 ± 0.8 0.263

CPT 0.6 ± 0.4 0.7 ± 0.2 0.471

BAC 2.0 ± 1.1 1.8 ± 0.5 0.559

PAC 1.4 ± 0.7 1.2 ± 0.8 0.347

Tooth.PP (º) 106.9 ± 8.8 108.8 ± 5.2 0.566

14/24

ABT 0.6 ± 0.4 0.7 ± 0.4 0.408

MBT 0.9 ± 0.6 1.1 ± 0.5 0.469

CBT 0.8 ± 0.4 0.9 ± 0.7 0.507

APT 4.4 ± 1.9 5.8 ± 2.4 0.112

MPT 2.0 ± 1.0 2.2 ± 0.8 0.678

CPT 0.7 ± 0.3 0.8 ± 0.3 0.529

BAC 2.0 ± 0.6 2.1 ± 1.1 0.821

PAC 1.7 ± 0.5 1.3 ± 0.7 0.150

Tooth.PP (º) 93.8 ± 10.4 92.8 ± 6.2 0.788

15/25

ABT 1.7 ± 1.0 2.2 ± 1.3 0.293

MBT 1.6 ± 1.0 2.0 ± 1.1 0.432

CBT 1.5 ± 0.7 1.6 ± 0.9 0.921

APT 6.0 ± 2.0 5.9 ± 3.1 0.892

MPT 2.5 ± 1.3 2.3 ± 1.0 0.654

CPT 1.0 ± 0.6 1.0 ± 0.3 0.702

BAC 1.5 ± 0.6 1.6 ± 0.8 0.606

PAC 1.6 ± 0.5 1.2 ± 0.2 0.032

Tooth.PP (º) 92.7 ± 6.3 95.6 ± 8.7 0.326

**SD = standard deviation. Abbreviations: ABT = apical buccal thickness; MBT = middle buccal thickness; CBT = cervical buccal thickness; 
APT = apical palatal thickness; MPT = middle palatal thickness; CPT = cervical palatal thickness; BAC = buccal alveolar crest; PAC = palatal 
alveolar crest; Tooth PP = long axis of the root in relation to the palatal plane.
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47%). In the apical region of the palatal face, the 
thickness ≥ 2 mm was predominantly found in 
all pairs of teeth (100%), except for the pair of 
teeth #14/24 (90%), in which 10% had thickness 
between 1 mm and 2 mm.

Table 5 lists Spearman’s correlation values 
between bone thicknesses and angle Tooth.PP, 
with significant results as follows: in the pair of 
teeth #11/21, a positive correlation was found 
for the variable MBT only; in the pair of teeth 
#12/22, negative correlations were found for 
variables CBT, APT and MPT as well as in the pair 
of teeth #13/23 for variable APT only; in the pair 
of teeth #14/24, a negative correlation was found 
for variables ABT and MBT. Additionally, multiple 
linear regression analysis was used to assess the 
joint action of factors on the variables responses, 
in which significant results were positive in teeth 
#15/25 for the variable BAC, negative in teeth 
#11/21 and #13/23 for the variable APT, and 
negative in teeth #12/22 for the variance MPT.

Table 6 lists Spearman’s correlation between 
bone thicknesses and age. In the pair of teeth 
#11/21, the correlation was positive for the 
variable BAC and negative for the variable CBT; 

in the pair of teeth #12/22, the correlation was 
positive for the variable PAC and negative for 
the variables ABT and CPT; in the pair of teeth 
#13/23, the correlation was positive for Tooth.
PP, CPT, BAC and PAC and negative for the 
variables ABT, MPT, APT MPT and CBT. In order 
to assess the joint action of factors on the variables 
responses, models of multiple linear regression 
were used and the following results were found: 
in the pairs of teeth #11/21, #14/24 and 
#15/25, the variable CBT was negative, whereas 
in the pair of teeth #13/23 it was positive; in 
the pair of teeth #12/22, the variable MBT was 
negative; in the pair of teeth #14/24, the variable 
APT was negative; in the pair of teeth #13/23, 
the variable MBT was negative; in the pair of 
teeth #15/25, the variable BAC was positive; 
and in the pair of teeth #12/22, the variable PAC 
was positive.

In the linear regression analysis of each 
bone variable in function of the angle Tooth.PP, 
neither age nor gender had statistical significance, 
except for the variable CBT in the pair of teeth 
#11/12 regarding gender.

Table 4 - Percentage of the sample with bone plate thickness ≤ 1mm, between 1 and 2 mm, and ≥ 2 mm

Category (mm) 11/21 12/22 13/23 14/24 15/25

CBT

≤1 28 (93%) 29 (97%) 27 (90%) 19 (63%) 9 (30%)

1 and 2 2 (7%) 1 (3%) 3 (10%) 11 (37%) 11 (37%)

≥2 0 (0%) 0 (0%) 0 (0%) 0 (0%) 10 (33%)

MBT

≤1 27 (90%) 25 (83%) 24 (80%) 20 (67%) 9 (30%)

1 and 2 3 (10%) 5 (17%) 6 (20%) 8 (27%) 10 (33%)

≥2 0 (0%) 0 (0%) 0 (0%) 2 (7%) 11 (37%)

ABT

≤1 14 (47%) 17 (57%) 17 (57%) 25 (83%) 8 (27%)

1 and 2 15 (50%) 8 (27%) 10 (33%) 5 (17%) 9 (30%)

≥2 1 (3%) 5 (17%) 3 (10%) 0 (0%) 13 (43%)

CPT

≤1 12 (40%) 17 (57%) 25 (83%) 24 (80%) 15 (50%)

1 and 2 15 (50%) 13 (43%) 5 (17%) 6 (20%) 13 (43%)

≥2 3 (10%) 0 (0%) 0 (0%) 0 (0%) 2 (7%)

MPT

≤1 0 (0%) 0 (0%) 0 (0%) 2 (7%) 1 (3%)

1 and 2 5 (17%) 11 (37%) 2 (7%) 13 (43%) 14 (47%)

≥2 25 (83%) 19 (63%) 28 (93%) 15 (50%) 15 (50%)

APT

≤1 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

1 and 2 0 (0%) 0 (0%) 0 (0%) 3 (10%) 0 (0%)

≥2 30 (100%) 30 (100%) 30 (100%) 27 (90%) 30 (100%)

Abbreviations: ABT = apical buccal thickness; MBT = middle buccal thickness; CBT = cervical buccal thickness; APT = apical palatal thickness; 
MPT = middle palatal thickness; CPT = cervical palatal thickness; PAC = palatal alveolar crest; Tooth PP = long axis of the root in relation to the 
palatal plane; mm = millimeter.
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DISCUSSION

In the present study, the normality 
standards for bone plate thickness based on 
simple methodology, which has easy clinical 
reproducibility, were established by using CBCT 
images of patients with balanced occlusion 
and harmonious facial profile. Knowing the 
biases of these bone normalities contributes to 
a better planning and execution of orthodontic 
treatment as the periodontal characteristics of 
the supportive tissue are preserved, or even 
improved, which favours the results in the 
medium and long terms [2,3,14,17]. On the 
other hand, if the practitioner is unaware of the 
patient’s biological limits, or even exceeds them, 
iatrogenic side effects such as dehiscences and 
fenestrations may occur, and depending on the 

patient’s gingival phenotype, gingival recessions 
may also develop [5,11,27,28].

Based on the literature investigated, 
da ta  on  bone  p la t e  th i cknes s  a round 
natural teeth [5,14,17,19,20,22,25,26,29-33] 
and distance from CEJ to ABC in computed 
t o m o g r a p h s  a r e  h i g h l y  a c c u r a t e  a n d 
reliable [18,21,22,34,35], which urged us to 
investigate the standards of bone normality in a 
higher number of teeth measured on CBCT images 
acquired with voxel size of 0.1 mm, thus differing 
from previous studies. CBCT uses isotropic 
voxels which are equal in width, thickness and 
height, with size usually ranging from 0.1 mm to 
0.4 mm [17,32,34]. These images allow 1:1 linear 
measurements to be accurately made in any 
plane. To facilitate the image recovery, the set of 
data should be stored according to legal norms 

Table 6 - Spearman’s correlation values between age and bone plate thickness

Measurements 
(mm) 11/21 P-value 12/22 P-value 13/23 P-value 14/24 P-value 15/25 P-value

Spearman’s 
correlation PP 0.28 0,13 0.21 0.26 0.41 0.02 0.42 0.02 0.35 0.06

ABT -0.15 0.41 -0.39 0.03 -0.07 0.73 -0.52 0.00 -0.20 0.28

MBT 0.04 0.84 -0.34 0.06 0.16 0.41 -0.40 0.03 -0.25 0.17

CBT -0.39 0.03 -0.33 0.07 0.28 0.12 -0.36 0.05 -0.42 0.02

APT -0.31 0.09 -0.18 0.33 -0.43 0.01 -0.45 0.01 -0.21 0.25

MPT -0.15 0.41 -0.26 0.17 -0.42 0.02 -0.44 0.01 0.17 0.35

CPT -0.25 0.18 -0.42 0.02 -0.27 0.14 0.11 0.55 0.03 0.87

BAC 0.28 0.12 0.40 0.02 0.22 0.24 0.47 0.00 0.51 0.00

PAC 0.37 0.04 0.45 0.01 0.25 0.18 0.09 0.65 0.24 0.20

Abbreviations: ABT = apical buccal thickness; MBT = middle buccal thickness; CBT = cervical buccal thickness; APT = apical palatal thickness; 
MPT = middle palatal thickness; CPT = cervical palatal thickness; BAC = buccal alveolar crest; PAC = palatal alveolar crest; PP = palatal plane.

Table 5 - Spearman’s correlation values between angle Tooth.PP and measurements of the bone plate thickness

Measurements 
(mm) 11/21 P-value 12/22 P-value 13/23 P-value 14/24 P-value 15/25 P-value

Spearman ABT 0.29 0.12 0.08 0.69 0.11 0.57 -0.48 0.01 -0.25 0.19

MBT 0.36 0.05 -0.19 0.33 0.08 0.67 -0.42 0.02 -0.31 0.10

CBT -0.24 0.19 -0.39 0.03 -0.02 0.94 -0.26 0.16 -0.34 0.06

APT -0.33 0.08 -0.56 0.00 -0.36 0.05 -0.04 0.84 -0.26 0.17

MPT -0.14 0.46 -0.53 0.00 -0.25 0.18 -0.17 0.38 -0.13 0.50

CPT -0.19 0.32 -0.25 0.18 -0.24 0.20 -0.11 0.57 -0.06 0.75

BAC -0.08 0.66 0.12 0.51 0.21 0.27 0.14 0.46 0.44 0.01

PAC 0.20 0.30 0.37 0.04 0.01 0.94 0.32 0.09 -0.21 0.20

Abbreviations: ABT = apical buccal thickness; MBT = middle buccal thickness; CBT = cervical buccal thickness; APT = apical palatal thickness; 
MPT = middle palatal thickness; CPT = cervical palatal thickness; BAC = buccal alveolar crest; PAC = palatal alveolar crest; Tooth PP = long axis 
of the root in relation to the palatal plane.
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and should be exportable in formats (e.g., DICOM 
– Digital Imaging Communication in Medicine) 
compatible with digital files as recommended 
by the International Standards Organization 
(ISO) [18,36].

A common limitation of the previous studies 
in comparison to the present one is concerned 
with the CBCT image resolution for assessment 
of the bone thicknesses, since they had a greater 
voxel size [19,20,22,24-26,34,37] or no voxel 
specification [14,30,32]. The alveolar bone 
plates, mainly the buccal ones, are thin and 
may not be visible if the spatial resolution of 
the images is not adequate [21,23]. Previous 
studies evaluated the alveolar bone levels by 
using a voxel size ranging from 0.25 mm to 
0.3 mm [19,20,22,24-26], but among the results 
found in our work, it was possible to observe bone 
thicknesses lower than 1 mm, which would be 
underestimated with image resolutions higher 
than 0.1 mm. Our measurements were made 
on ultra-resolution images (i.e. voxel size of 
0.1 mm), thus ensuring greater reliability of the 
results obtained and consequently providing 
new reference values for bone plate thicknesses 
in individuals with static occlusion and facial 
pattern considered to be ideal.

The results obtained from the current study 
showed that there was no difference between 
the left and right sides for all measurements 
studied (i.e. CBT, MBT, ABT, CPT, MPT, APT, 
BAC, PAC and Tooth.PP), except between teeth 
#11 and #21 for the variable CPT as well as 
between teeth #13 and #23 for the variable 
Tooth.PP (P = 0.035), which allowed mean 
values of the measurements to be obtained in 
relation to the sides by pairs of teeth #11/21, 
#12/22, #13/23, #14/24 and #15/25. 
AlTarawneh et al. (2018) [32] found no statistical 
difference in homologous teeth at different sites 
of measurement, thus corroborating or results.

The comparison between cervical, middle 
and apical thirds regarding bone thickness, both 
buccally and palatally, showed a progressive 
increase in the cervico-apical direction, that is, 
the greater the distance from the alveolar crest, 
the higher the values observed. These results 
are in accordance with the literature [5,26,29]. 
Only the pair of teeth #14/24 had a greater 
amount of tissue in the middle third compared 
to the apical third in the buccal face. Overall, 
palatal bone thicknesses were statistically 

significant greater than the buccal ones in the 
three thirds evaluated, excepted for the pair of 
teeth #15/25 as the variable CPT was smaller 
than CBT. In the literature, corroborating our 
results, the palatal cortical bone is thicker and 
denser than the buccal one [22,29,32]. According 
to Nahás-Scocate, Scocate (2014) [13], all teeth 
evaluated in the present study were classified as 
B1L1 despite showing thinner bone thickness in 
the cervical region of the buccal face.

Analysis of the mean values of the bone 
thicknesses showed that the majority of the thirds 
had thinner ones in both buccal and palatal faces, 
which draws our attention to possible negative 
clinical repercussions. Orthodontic correction is 
achieved by means of tooth movement induced 
by mild forces and adequate biomechanics. 
Movements towards thin bone plates or cases 
in which bone dehiscences can be a factor 
limiting the treatment require the practitioner 
to know in advance the bone condition of the 
patient. In order to provide relevant and accurate 
information for the practitioners, we quantified 
the thicknesses of the bone plates and calculated 
the percentages based on tissue references 
reported in the literature, namely: ≤ 1mm, 
between 1 and 2 mm, and ≥ 2 mm [5,22,29,38].

Evaluation of the buccal bone plates of 
anterior teeth showed values ≤ 1mm for cervical 
(above 90%), middle (above 80%) and apical 
(above 75%) thirds, except for the pair of teeth 
#11/21, whose values between 1 mm and 
2 mm (50%) were higher in the apical third. 
These teeth were also the only ones with bone 
tissue above 2 mm (3% to 17%) in the apical 
third. Overall, the buccal bone plates of anterior 
teeth are thinner [22,32], which is of concern 
regarding the orthodontic tooth movement 
towards the buccal face in the anterior region of 
the upper arches. With regard to non-biological 
forces, in association with the presence of 
dental biofilm and fine gingival phenotype, 
the development of gingival recession may 
occur [3,6,9,14-19,39]. That is the reason why 
orthodontic appliances apply mild, constant and 
predictable forces, which meets the philosophy of 
biomechanics for orthodontic aligners despite the 
need of further scientific grounds in the present 
days [9,40,41]. Preservation of the alveolar bone 
tissue in the orthodontic treatment should be a 
premise for planning a successful treatment, both 
aesthetically and functionally, and longevity of 
periodontal structures [1,3,7,28,42].
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Evaluation of the buccal cortical bone of the 
first premolars showed that the majority of the 
three thirds had values ≤ 1 mm (above 63%). 
Considering the buccal face of second premolars, 
the middle and apical thirds showed values 
≥ 2 mm in the majority of the cases (37% and 
43%, respectively), whereas the cervical third 
has a predominance of bone thickness between 
1 mm and 2 mm (37%). These results draw 
attention to the reduction in the buccal bone 
architecture around the first premolars, thus 
being a facilitator in the development of gingival 
recessions in this region [3,4]. In addition, 
these data warn about the biomechanical care 
during the dentoalveolar expansion of atresic 
arches with buccal inclinations of teeth. On the 
other hand, palatinized premolars with less 
bone thickness in the buccal face can have an 
improved bone architecture, provided that they 
are well positioned in the alveolus and there is 
no periodontal inflammation [3].

In the palatal face of anterior teeth, the 
bone thickness ≤ 1 mm was more prevalent 
(above 57%) in the cervical third, followed 
by bone thickness between 1 mm and 2 mm, 
which was more prevalent in central incisors 
(50%). However, middle and apical thirds 
had predominantly a bone thicknesses ≥ 2 mm 
(above 63%). It is worth highlighting that the 
bone thickness above 2 mm in the apical third 
was observed in 100% of the cases for all teeth 
evaluated. With regard to palatal bone thickness 
of posterior teeth (i.e. first and second premolars), 
bone thicknesses ≤ 1 mm were predominant in 
the cervical third (50-80%). In the middle third, 
there was a predominance of bone thicknesses 
≥ 2 mm in 50% of the teeth evaluated, whereas 
this predominance ranged from 90% to 100% 
in the apical third. Overall, it was observed that 
the bone tissue in the palatal face of upper teeth 
had a similar behaviour, that is, there is a greater 
amount of bone tissue in the middle and apical 
thirds. Thus, application of root lingual torque 
is well indicated for both anterior and posterior 
regions of the arch instead of buccal movements 
of the crown. These data should be considered 
in the diagnosis and orthodontic planning in 
order to prevent the occurrence of periodontal 
problems in the future [5,14,17,19,29,43].

The comparison of all sites of measurements 
between males and females showed that there 
were no uniform results, differently from some 
studies in the literature in which other authors 

support the presence of a greater bone thickness 
among men [26,32]. On the other hand, other 
studies highlight that there is no significant 
difference between men and women [5,29,44]. 
However, some authors found differences in bone 
thickness between genders depending on the 
tooth being evaluated, which corroborates our 
study. For instance, in the pair of teeth #11/21, 
males had significantly greater bone thicknesses 
in the palatal face regarding the three thirds, as 
well as in the pair of teeth #12/22 regarding 
the variable MBT. No statistically significant 
differences were found between genders in 
canines and first premolars regarding the variable 
PAC, with females having significantly higher 
values in central incisors and second premolars. 
In view of the variability in the amount of bone 
thickness around upper teeth between men and 
women, it is indispensable to perform individual 
evaluation in the pre-treatment phase.

The literature has shown the influence of 
age on the amount of bone tissue around anterior 
upper teeth, thus evidencing a tendency of 
reduction of bone thickness over time [14,38,45]. 
In our study, age is a factor correlated with the 
tissue variables, being negative with CBT in 
central incisors; ABT and CPT in lateral incisors; 
APT and MPT in canines; ABT, MBT, APT and 
MPT in first premolars; and CBT in second 
premolars. Therefore, older individuals have 
thinner bone thickness in these sites. The distance 
from alveolar bone crest to cement-enamel 
junction in the palatal face of lateral incisors 
was the only measurement being positively 
correlated with age, which is corroborated 
by AlTarawneh et al. (2018) [32]. A study by 
Üner et al. (2019) [26] was similar to ours 
regarding the lack of correlation between age 
and the variable BAC in central incisors.

The correlations found between tooth 
inclination and bone plate thickness, which were 
confirmed by using the multiple linear regression 
test, pointed to the evidence of a significantly 
positive result between variable BAC and tooth 
inclination in second premolars. This reinforces 
the concerns the orthodontists should have when 
the crown of these teeth is to be moved buccally, 
which might clinically impair the periodontal 
condition if biomechanical forces are inadequately 
applied [5,12,43]. Moreover, these results 
evidence the importance of the torque expression 
when the orthodontist uses conventional fixed 
appliances, including the self-ligating system, 
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or orthodontic aligners [16]. The search for 
aesthetic aligners is increasing today, both among 
patients and among practitioners. However, the 
torque expression is still a challenge in the use 
of these appliances [15,46,47] and should also 
be considered as a part of the digital planning. 
The Invisalign® system introduced the use of 
power ridges, which are pressure lines close to 
the gingival margin for increasing the contact 
pressure on the tooth surface, to control the 
movement of the tooth around its centre of 
resistance [16,48]. For the upper central and 
lateral incisors and canines, the results between 
dental inclination and palatal bone thickness 
were significantly negative in the middle and 
apical thirds, which reflects a reduction of bone 
tissue in these areas when inclination increases, 
and vice-versa. However, as these areas have 
a greater amount of bone tissue, it is assumed 
that there is lower periodontal risk when root 
movements occur palatally.

In the present study, care was taken in 
the preparation of the sample regarding the 
characteristics of the patient, such as craniofacial 
growth and ethnics, differently from other 
studies [29]. Moreover, a total of 150 teeth were 
evaluated in the present study, all belonging to 
patients with normal occlusion and harmonious 
facial profile. Voxel size of 0.1 mm and high 
image resolution are scientifically relevant 
aspects of this novel study on imaging diagnosis 
of alveolar bone plates, in addition to providing 
clinical guidelines to know reference standards 
for bone plates in conditions of normality, which 
makes planning more accurate and treatment 
safer. It is recommended that further studies 
should include a larger number of participants 
in the samples, with equivalence between males 
and females, to consolidate the results found.

CONCLUSIONS

1) Thin bone thicknesses were observed in most 
of the root thirds assessed, both in buccal 
and palatal faces, which draws attention to 
possible negative repercussions when bone 
plate measurements are not considered in 
the orthodontic treatment. Therefore, it is 
suggested that orthodontic appliances should 
exert mild, constant, and predictable forces.

2) A reduced buccal bone architecture around 
the first premolars can facilitate the 
development of gingival recession in this 

region, which demands biomechanical 
care during arch expansion with the buccal 
inclination of the teeth. On the other hand, 
palatinized premolars with thinner bone 
thickness in the buccal face, when well 
positioned in the alveolus and in the absence 
of periodontal inflammation, can have their 
bone architecture improved.

3) In the palatal face of the upper teeth, there 
is a greater amount of bone in the middle 
and apical thirds. Thus, the application of 
lingual root torque is well indicated in both 
anterior and posterior regions of the arch 
instead of buccal movements of the crown.

4) By comparing all the measurements between 
males and females, there was no homogeneity 
in the results found. Therefore, it is essential 
to evaluate patients individually during the 
pre-treatment phase.
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