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Background and aim: Immediate implant therapy has become a widespread technique that immediately restoration
of esthetic and function. Its dimensions should be determined after the exploration of the bone around the natural
tooth. This study aimed to explore alveolar bone in the maxillary anterior region using cone-beam computed
tomography, including CS 3D Imaging Software.

Materials and methods: It is a retrospective study conducted in the Dental Faculty of Medicine Monastir Tunisia.
It included 400 CBCT Scans checked from the radiological center. On selected CBCT, fulfilling inclusion criteria,
facial alveolar bone thicknesses in the coronal (point A), middle (point B), and apical third (point C) were calculated.
Alveolar height, crest height, and tooth angulations were also determined. Using SPSS 21software, descriptive
statistics including the mean and standard deviation (SD) were calculated. AS well T-test, Pearson correlation, and
Friedman test were used to analyze the data. The significance level was set at 95%.

Results: Mean alveolar height of maxillary central incisor, lateral incisor, and canine was respectively 20.5+3.62,
20.73+2.53, and 20.36+ 2.81 mm. The difference between sites was statistically significant. Males had longer
alveolar height than females. The mean facial plate thicknesses of the alveolar bone across point measurements A,
B, and C were 0.86, 0.90, and 0.99mm for maxillary central incisors, 1.4, 0.80, and 0.84 mm maxillary lateral
incisors and 1.08, 0.67, and 0.66mm for maxillary canines. Mean alveolar crest height (D) of the anterior maxillary
teeth were 2.32 + 1.04, 2.20 + 0.1 and 2, 41 1.7 respectively at the level of maxillary central incisors, lateral
incisors, and canines.

Conclusion: Facial bone is thin: lateral incisors have the most significant bone thickness, followed by central
incisors, then canines with the most negligible bone thickness among the anterior maxillary teeth. Males exhibited
greater facial bone heights. Facial bone thickness depends on teeth' angulations. Immediate implant placement in
this area requires careful radiological exploration, taking into consideration its features.

1. Introduction

Immediate implant therapy has become a widespread technique that
immediately restoration of esthetic and function.** Various studies have
confirmed the validity of such treatments. 4 It seems to be a promising
approach that thwarts unavoidable bone crest resorption after the tooth
extractionl™ % especially for anterior teeth, characterized by thin bone plates.®
That is why many authors recommend immediate implant placement in
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anterior regions.® Joseph Yun Kwong Kan presents a great opportunity in
esthetic dentistry, followed by an immediate prosthesis.[! However, some
information concerning bone thickness around the tooth in the anterior region
is available in the literature. Thus, it is necessary to explore it.”7 Alveolar
ridges and thickness should be previously evaluated when planning for
immediate implant placement. Cone-beam computerized tomography
(CBCT) seems to be useful and allows the preoperative investigation. Due to
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the height resolution of images on various planar with a low radiation dosage
and affordable price, it was recently recommended by the American Academy
of Oral and Maxillofacial Radiology (AAOMR) as the most suitable
exploration for implant therapy.™* & ¥ Moreover, incredible accuracy in the
sub-millimeter rangel*® makes it reliable for crest exploration.! The present
study was conducted to explore the alveolar ridge in the maxillary anterior
region using CBCT.

2. Materials and methods

A total of 400 CBCT scans were checked from a Radiological center. The
scans were not specifically performed for the study. Then, only 160 CBCT,
fulfilling inclusion criteria, were selected. Concerned patients were well
informed, and verbal approval was obtained. The collected CBCT belonged
to 87 male and 73 female patients aged between 20 and 45 years old.

Inclusion / Exclusion criteria

The study included scans of patients with full anterior dentition. For those
Scans, anterior maxillary teeth were checked. The study excluded decayed or
restoration of anterior teeth, teeth with periapical images, cysts or dehiscence,
teeth with prosthetic rehabilitation, or poor image definition. As well as, the
Cemento Enamal junction had to be evident. Patients who underwent previous
orthodontic treatments were also excluded.

Measurements

All CBCT scans were obtained using Orthophos SL 3D brand and
respecting the following instructions: The patient was positioned with the
patented occlusal bite block. The unit automatically determines the correct tilt
of the head and indicates it using corresponding symbols and colors in order
to avoid blurring images. Images were processed in axial, sagittal, and oblique
sections. The measurement tools of CS 3D Imaging Software (Carestream
Dental) were used. In axial views, the curvative alveolar ridge was drawn
manually. Then, on sagittal sections made in the middle of each tooth (Fig.
1), six measurements were performed across the following references points

(Fig. 2):

Fig. 1. Axial view at the maxillary arch. The red line indicates the curvature of the alveolar ridge. The blue line, perpendicular to the alveolar ridge,
indicates where the cross-sectional view was taken.

1. Alveolar height: defined as the distance measured from alveolar crest
to the floor of nasal fossa respecting tooth axis!(Fig. 2-a).

2. Facial Alveolar bone thickness: was measured across 3 fixed references
points: A, B, and C. Point A were defined as the distance from the facial plate
to the coronal third of the root at the level of the bone crest. Also, points B
and C measured bone thickness from the facial plate to the mid and apical
root third surfacel!I(Fig. 2-b).

3. Crest height:(point D) was measured from alveolar bone crest to
cementoenamel junction.*!

a: Facial thickness across references

points: A- at the level of the bone crest; B- at 1.
the mid root surface; C- at the apical root 2.
third; D-Distance between alveolar crest and 3.

cementoenamel junction.

b: Measurement of the alveolar height:
Nasal fossa Floor

Alveolar hight

Alveolar Crest line

4. Tooth Angulation (Ang): the angle measured between the

coronoradicular tooth axis and the tangent to the buccal cortical bone was
measured with the angle tool(Fig. 2-c).
All measurements were taken in millimeters, using a digital caliper, by two
qualified operators. If the differences in measures parameters were less than
2 mm, the mean value was considered. When it was more than 3mm, a third
operator was invited.

c: Measurement of Angle

Fig. 1. Measurements protocole on oblique CBCT reconstructions.
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Statistical analysis

Statistical analysis was performed using SPSS 21software.Data
normality was tested using Kolmogorov—Smirnov and Kruskal-Wallis tests.
Descriptive statistics, including the mean and standard deviation (SD), were
calculated. T-test, Pearson correlation, and Friedman test were used to

analyzing the data. The significance level was set at 95%, and P-values<0.05
were considered significant.

3. Results

The mean alveolar height of maxillary central incisor, lateral incisor, and
canine was respectively 20.5+3.62,20.73+2.53 and 20.36+ 2.81 mm. The
difference between sites was statistically significant (Table 1), and Significant
differences in bone ridge height between genders were also found (Fig. 3).

Table 1. Alveolar height (mm).

Right Left Right Left Right Left | --—-
20.36£3.51 | 20.8+4.01 | 20.84+3,015 20.60+3 20.6+2.78 | 20.26%x29 | ...
Sig 0.7* 0.6* N
Mean 20.5+3.62 20.73+2.96 20.36+2.81 0.00*
*Friedman Test
p=0.005 p=0.073 p=0023 W Male
25.00- W Femala
20,004
!
= 1500
5]
&
g8
= 10.00
5.00 -
0.00

Canine

Lateral Incizor

Central Incisor

Fig. 3. Genderwise Distribution of alveolar Crest.

Males had longer alveolar height than females. The mean facial plate
thicknesses of the alveolar bone across measurement points are summarized
in Tables 2 and 3. Differences between sides were statistically not significant.

The mean alveolar crest height (D) of the anterior maxillary teeth is presented
in Table 4.

Table 2. Mean facial plate thicknesses (mm)across measurement points per side.

Right Left Right Left Right Left
A 0.96+0.32 1+0.31 1.15+0.5 1.1+0.41 1.07+£0.47 1.05+£0.44
B 0.87+0.37 0.93+0.37 0.87+0.5 0.77+0.46 0.72+0.45 0.68+0.42
C 0.93+0.52 1.06+0.69 0.90+0.44 0.79+0.53 0.67+0.41 0.7+0.46
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Table 3. Meanfacial plate thicknesses(mm)across measurement points per site.

Mean thickness

0.86

0.99

0.92+ 0.27

1.14

0.93+0.32

1.08

0.66

0.8+0.24

0.074

0.402

0.241

*:Friedman Test

Table 4. Comparison of the means facial bone crest(mm) of anterior teeth according to the side and gender.

232+1.04 | -
Female

2.2250+0.85

Left 234107 | -

220+01 | -

24117 | -

1.98 +0.81 2.4 £0.93

236+1.13 | - 246127 | -----

*:measures in millimeters

**: Independent T-test

The difference between genders was statistically not significant. Scatterplots
and correlation revealed a statistically significant positive relationship
between facial plate height and the upper anterior teeth age. A moderate,
positive correlation was found (Fig. 4). Mean angulations between the axis of

the teeth and the alveolar process is presented in Table 5, which illustrates a
positive and significant correlation between mean angulation and mean
thickness.

Table 5. Mean Angulations of anterior teeth and correlation with facial bone Thickness.

Central incisor

*:T test
** :Pearson correlation

4. Discussion

When planning for immediate Implant placement, dimensions have to be
previously determined around natural teeth. That is why the available bone
height and thickness should be carefully evaluated before extraction.™
Therefore, the present study aimed to measure the facial thickness and height

of the alveolar bone of anterior maxillary teeth using CBCT images. The mean
alveolar height of maxillary central incisor, lateral incisor, and canine was
respectively 20.56, 20.73 and 20.36 mm. Results seem to be slightly greater
than those found by Zhang w et al. (18.83, 19.07, 18.91mm). Therefore,
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statistically significant differences between sites were not proved as in the
present study.™ Males exhibited greater facial bone heights at the maxillary
central incisor, lateral incisors, and canines, as Rai S et al.? reported. The
mean thickness of facial alveolar bone in the coronal third was 0.86, 1.14, and
1.08, respectively, for central incisors, lateral incisors, and canines.0.86, 0.9
and 0.99 mm. Foundings are close to those of those of those Sheerah
H((1.21, 0.93 and 0.88mm), AlTarawneh S et alll”’(0.73, 0.7, and 0.74 mm),
Gluckman H*¥(0.6 ,0.7 and 0.6), Zekry et al™! (0.83, 0.83 and 0.77 mm),
Vera et all*(0.78, 0.8, 0.82 mm),Wang et al®?(0.8, 0.7 and 0.7 mm), and
Januarioet al*1(0.6, 0.7 and 0.6 mm). In the middle third, the mean bone
thickness was 0.9, 0.8, and 0.67, respectively, for central incisors, lateral
incisors, and canines. Results were near to those of other studies such as
AlTarawnehS(0.69, 0.61, and 0.53 mm), Sheerah HY(0.96, 0.92, 0.84),
Gluckman HI* (0.5, 0.5 and 0.5) , Zekry et al*l (0.8, 0.75, 0.68 mm), Wang
et all*® (0.8, 0.7, 0.7 mm), and Vera et al™**(0.69, 0.69, 0.72 mm). Apical third
bone thickness measured 0.92, 093, and 0.8 respectively for central incisors,
lateral incisors, and canines. Measures were close to Vera et all*™ (0.9, 0.8, 1
mm). However, AlTarawneh S found slightly thinner thickness (0.6, 0.49,
and 0.4 mm) while Sheerah H*! and Gluckman H™® reported respectively
slightly larger thickness (1.51, 1.58 and 1.38 mm)(1.2, 1.3 and 1.4). Few
discrepancies between studies may be attributed to various factors, such as
population variability, sample characteristics, or measures protocols (over or
underestimations). Moreover, the coronal third of the facial bone appeared to
have the most favorable thickness at the canine and lateral incisor levels.
Recent studies*® ¥ approved these findings. Sheerah H* concluded, yet, that
the apical third had a thicker thickness.

The present work showed that lateral incisors have the most significant
bone thickness, followed by central incisors. Canines exhibited the most
negligible bone thickness among the anterior maxillary teeth. It could be
explained by differences in teeth dimensions, as lateral incisors have the
thinnest diameters. Founding is coherent with previous studies.!** 2! Some
others pointed out that canines had the greatest bone thickness.!** 21 In the
present investigation, the distance between the facial alveolar bone crest and
the cementoenamel junction of the anterior teeth (D) ranged from 2.2 to 2.41
mm. Sheerah H*Y reported crest height from 1.74 of 3.37 mm. A positive
correlation according to age was confirmed, consistent with Sheerah H et
al.*Y Boskey and Coleman(?? showed a correlation between crest height and
both age and gender. They explained the positive correlation between age to
the nature of the aging process.??! Sheerah H*Y attributed it to oral hygiene,
Occlusion, and nutrition. According to Roopak and David®! Insufficient crest
height could influence the interproximal papilla level, from the esthetic
outcome is dependent. The mean angulation was 14.25° +5.87, 12.80° +5.07
and 9.73° +4.3 respectively for maxillary central incisor, lateral incisor, and
canine. Dos Santos JGI reported angulations 12.7°, 14.8°, and 16.5°
respectively for central incisor, lateral incisor, and canine. The discrepancy
could be due to differences in measurement protocols. The present study
pointed that facial bone thickness depends on teeth angulations through a
moderate correlation. Otherwise, several factors could affect facial bone
thickness.

To summarize, Facial bone thickness is thin for anterior maxillary teeth
and depends on age and angulations, while alveolar height is longer for males.
Some authors recommend bone augmentation.[” Others recommend a palatal
placed implant. It is the first approach to this topic in Tunisia. To Comparing
of some previous studies, our sample size was larger. In addition, the present
investigation used paired statistical tests, whereas other studies used unpaired
tests that target the study's objective better. However, some limitations should
also be noted, such as sample selection. It would be better if patients were

selected, then CBCT would be performed. Some factors, thus, should be taken
into consideration as oral hygiene and periodontitis, which could affect
recession and bone loss. As well, Occlusion and angle class may affect
angulations and facial bone thickness.

5. Conclusion

The present study has proved the accuracy of CBCT for the crest
investigation. Males exhibited greater facial bone heights at the level of
maxillary Teeth. Lateral incisors have the greatest bone thickness, followed
by central incisors then canines. Notably, Crest height distance increases with
age. As well, a positive correlation was detected between angulations and
mean thickness. Future studies are useful to evaluate palatal alveolar bone
thickness.

Conflict of Interest
The authors declared that there is no conflict of interest.

Acknowledgements
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

References

[1] Zhang W, Skrypczak A, Weltman R. Anterior maxilla alveolar ridge
dimension and morphology measurement by cone beam computerized
tomography (CBCT) for immediate implant treatment planning. BMC
oral health. 2015;15(1):1-8. https://doi.org/10.1186/s12903-015-0055-1.

[2] Liu R, Yang Z, Tan J, Chen L, Liu H, Yang J. Immediate implant
placement for a single anterior maxillary tooth with a facial bone wall
defect: A prospective clinical study with a one-year follow-up period.
Clinical implant dentistry and related research. 2019;21(6):1164-74.
https://doi.org/10.1111/cid.12854.

[3] Assery M. A 22 - Year Follow Up of Immediate Implant Placement
without Bone Augmentation: A Case Series Study. Journal of
Prosthodontics. 2020;29(2):101-6. https://doi.org/10.1111/jopr.13142.

[4] Kan JY, Rungcharassaeng K, Deflorian M, Weinstein T, Wang HL,
Testori T. Immediate implant placement and provisionalization of
maxillary anterior single implants. Periodontology. 2018;77(1):197-212.
https://doi.org/10.1111/prd.12212.

[5] Paolantonio M, Dolci M, Scarano A, d'Archivio D, Di Placido G, Tumini
V, et al. Immediate implantation in fresh extraction sockets. A controlled
clinical and histological study in man. Journal of periodontology.
2001;72(11):1560-71. https://doi.org/10.1902/jop.2001.72.11.1560.

[6] Dos Santos JG, Durdo AP, de Campos Felino AC, de Faria RM. Analysis
of the buccal bone plate, root inclination and alveolar bone dimensions in
the jawbone. A descriptive study using cone-beam computed tomography.
Journal of oral & maxillofacial research. 2019;10(2). doi:
10.5037/jomr.2019.10204.

[7] AlTarawneh S, AlHadidi A, Hamdan AA, Shagman M, Habib E.
Assessment of bone dimensions in the anterior maxilla: a cone beam
computed tomography study. Journal of Prosthodontics. 2018;27(4):321-
8. https://doi.org/10.1111/jopr.12675.

[8] Garg AK, Vicari A. Radiographic modalities for diagnosis and treatment
planning in implant dentistry. The Implant Society:[periodical].
1995;5(5):7-11.

[9] Tyndall DA, Price JB, Tetradis S, Ganz SD, Hildebolt C, Scarfe WC.
Position statement of the American Academy of Oral and Maxillofacial
Radiology on selection criteria for the use of radiology in dental



116 INTERNATIONAL JOURNAL OF SCENTIFIC RESEARCH IN DENTAL AND MEDICAL SCIENCES 3 (2021) 111-116

implantology with emphasis on cone beam computed tomography. Oral
surgery, oral medicine, oral pathology and oral radiology.
2012;113(6):817-26. https://doi.org/10.1016/j.0000.2012.03.005.

[10] Menezes CC, Janson G, Massaro CD, Cambiaghi L, Garib DG.
Reproducibility of bone plate thickness measurements with cone-beam
computed tomography using different image acquisition protocols. Dental
Press Journal of Orthodontics. 2010;15:143-9.
https://doi.org/10.1590/52176-94512010000500017.

[11] Sheerah H, Othman B, Jaafar A, Alsharif A. Alveolar bone plate
measurements of maxillary anterior teeth: A retrospective Cone Beam
Computed Tomography study, AlMadianh, Saudi Arabia. The Saudi
dental journal. 2019;31(4):437-44.
https://doi.org/10.1016/j.sdentj.2019.04.007.

[12] Rai S, Misra D, Khatri M, Vyas T, Bhakta P, Mallick P. Maxillary
anterior cortical bone thickness: An imperative parameter for implant
solidity-3-dimensional cone beam CT study. Journal of Indian Academy
of Oral Medicine and Radiology. 2020;32(2):96-102. DOI:
10.4103/jiaomr.jiaomr_10_20.

[13] Gluckman H, Pontes CC, Du Toit J. Radial plane tooth position and bone
wall dimensions in the anterior maxilla: A CBCT classification for
immediate implant placement. The Journal of prosthetic dentistry.
2018;120(1):50-6. https://doi.org/10.1016/j.prosdent.2017.09.005.

[14] Zekry A, Wang R, Chau AC, Lang NP. Facial alveolar bone wall width-
a cone-beam computed tomography study in A sians. Clinical oral
implants research. 2014;25(2):194-206.
https://doi.org/10.1111/clr.12096.

[15] Vera C, De Kok 13, Reinhold D, Limpiphipatanakorn P, Yap AK, Tyndall
D, et al. Evaluation of buccal alveolar bone dimension of maxillary
anterior and premolar teeth: a cone beam computed tomography
investigation. International Journal of Oral & Maxillofacial Implants.
2012;27(6):1514-19.

[16] Wang HM, Shen JW, Yu MF, Chen XY, Jiang QH, He FM. Analysis of
facial bone wall dimensions and sagittal root position in the maxillary
esthetic zone: a retrospective study using cone beam computed
tomography. International Journal of Oral & Maxillofacial Implants.
2014;29(5):1123-29.

[17] Januério AL, Duarte WR, Barriviera M, Mesti JC, Aradjo MG, Lindhe
J. Dimension of the facial bone wall in the anterior maxilla: a cone - beam
computed tomography study. Clinical oral implants research.
2011;22(10):1168-71. https://doi.org/10.1111/j.1600-
0501.2010.02086.x.

[18] Lopez-Jarana P, Diaz-Castro CM, Falcdo A, Falcdo C, Rios-Santos JV,
Herrero-Climent M. Thickness of the buccal bone wall and root
angulation in the maxilla and mandible: an approach to cone beam
computed tomography. BMC Oral Health. 2018;18(1):1-9.
https://doi.org/10.1186/512903-018-0652-x.

[19] Fuentes R, Flores T, Navarro P, Salamanca C, Beltran V, Borie E.
Assessment of buccal bone thickness of aesthetic maxillary region: a
cone-beam computed tomography study. Journal of periodontal & implant
science. 2015;45(5):162-8. https://doi.org/10.5051/jpis.2015.45.5.162.

[20] Han JY, Jung GU. Labial and lingual/palatal bone thickness of maxillary
and mandibular anteriors in human cadavers in Koreans. Journal of
periodontal & implant science. 2011;41(2):60-6.
https://doi.org/10.5051/jpis.2011.41.2.60.

[21] Lee SL, Kim HJ, Son MK, Chung CH. Anthropometric analysis of
maxillary anterior buccal bone of Korean adults using cone-beam CT. The
journal of advanced prosthodontics. 2010;2(3):92-6.
https://doi.org/10.4047/jap.2010.2.3.92.

[22] Boskey AL, Coleman R. Aging and bone. Journal of dental research.
2010;89(12):1333-48. doi: 10.1177/0022034510377791.

[23] Roopak, B, David R M. Interdental bone and papilla, hold it to preserve
it : a case report. Int. J. Prev. Clin. Dent. Res. 2015;2(3):73-75.

How to Cite this Article: Rim K, Ameni C, Garrach BE, Chaouch
MH, Touzi S. Anatomical Dimension of the Anterior Maxillary
Alveolar Process: A Cone Beam Computed Tomography Study.
International Journal of Scientific Research in Dental and Medical
Sciences, 2021;3(3):111-116.
http://doi.org/10.30485/IJSRDMS.2021.289617.1167.




