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Abstract 
 
Background/Aim. Insufficient buccal bone thickness 
(thickness less than 2 mm) frequently leads to fenestration 
and dehiscence, and their consequences are additional bone 
resorption. That represents an additional problem during 
implant placement. Cone beam computed tomography 
(CBCT) is becoming a priority in the diagnosis of bone 
thickness needed for implant placement since it has proven 
to be an accurate and largely reliable diagnostic tool in the 
image of morphology and buccal wall thickness. The aim of 
this study was to measure the vestibular bone thickness of 
the anterior maxillary region in the Serbian population and 
compare the difference between men and women, as well as 
between the left and right sides of the jaw. Methods. CBCT 
images of 68 patients were examined from the existing da-
tabase. The length from the cementoenamel junction to the 
beginning of the alveolar bone was measured, followed by 
the thickness of the vestibular bone at various clinically rel-
evant locations. The data were statistically processed and 
analyzed. Results. A total of 373 teeth of the frontal region 
of the upper jaw, including 128 central incisors, 124 lateral 
incisors, and 121 canines, were analyzed. The thickness of 
the buccal bone in more than 88% of cases was less than 
1.5 mm at all reference points, with mean values from 0.72 
to 1.02 mm. Conclusion. A very small number of maxillary 
teeth have a vestibular bone thickness greater than 2 mm; 
therefore, the criterion to provide at least 2 mm of thickness 
needed for implant placement is difficult to meet. That in-
creases the use of auxiliary methods of bone augmentation 
during immediate implant placement. 
 
Key words:  
alveolar bone loss; cone-beam computed tomography; 
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Apstrakt 
 
Uvod/Cilj. Nedovoljna debljina bukalne kosti (debljina 
manja od 2 mm) često dovodi do fenestracije i dehiscencije, 
a njihove posledice su dodatna resorpcija kosti. To 
predstavlja dodatni problem prilikom ugradnje implantata. 
Kompjuterizovana tomografija konusnog zraka (KTKZ) 
postaje prioritet prilikom dijagnostikovanja debljine kosti i 
planiranju ugradnje implantata, jer se u pogledu morfologije 
i debljine vestibularne lamele pokazala kao precizan i u 
velikoj meri pouzdan dijagnostički alat. Cilj rada bio je da se 
izmeri debljina vestibularne koštane lamele prednjih 
maksilarnih zuba u populaciji Srbije i uporedi razlika između 
muškaraca i žena, kao i između leve i desne strane vilice. 
Metode. Analizirani su snimci KTKZ 68 ispitanika, iz 
postojeće baze podataka. Izmerena je udaljenost gleđno-
cementne granice od vrha alveolarnog grebena, a zatim i 
debljina vestibularne lamele na različitim, klinički 
relevantnim tačkama. Podaci su statistički obrađeni i 
analizirani. Rezultati. Analizirano je ukupno 373 zuba 
frontalne regije gornje vilice, uključujući 128 centralnih 
sekutića, 124 lateralnih sekutića i 121 očnjak. Debljina 
vestibularne lamele kod više od 88% slučajeva bila je manja 
od 1,5 mm na svim referentnim tačkama, sa srednjim 
vrednostima od 0,72 do 1,02 mm. Zaključak. Veoma mali 
broj maksilarnih frontalnih zuba ima debljinu vestibularne 
lamele veću od 2 mm; stoga je teško ispuniti kriterijum da se 
obezbedi najmanje 2 mm debljine kosti potrebne za 
implantaciju. Ovim se povećava potreba za primenom 
pomoćnih metoda uvećanja kosti prilikom neposredne 
ugradnje implantata. 
 
Ključne reči: 
alveolna kost, gubitak; kompjuterizovana tomografija 
konusnog zraka; implantacija, stomatološka; maksila; srbija. 
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Introduction 

The anterior maxillary region is the segment of the 
maxilla in which the four upper incisors and two canines are 
located. It encompasses the area between the right to the left 
first premolars and is also often referred to as the “aesthetic 
zone” 1. The thickness of the cortical bone of both the maxil-
la and mandible varies; palatally and lingually, it is usually 
thicker compared to the vestibular areas 2. Previous studies 
have noted that insufficient bone thickness (thickness less 
than 2 mm) leads to frequent fenestration and dehiscence 3. 
The immediate implant placement has primacy when placing 
teeth in the “aesthetic zone”, considering that implants serve 
as replacements for frontal teeth, and the therapeutic ap-
proach is most influenced by the factors examined in this 
study, but also the shape of the face, the inclination of the 
teeth, and the type of malocclusion 3, 4. 

There is an increasing interest in immediate implant 
placement 5, 6. The existing vestibular cortical bone will de-
termine the application technique, more precisely, the thick-
ness and height of the bone itself 6–8. As previously men-
tioned, at least 2 mm of buccal bone (BB) thickness is neces-
sary after the formation of the implant bed to achieve gum 
support and reduce additional bone resorption 9. Bone aug-
mentation procedures are recommended to obtain adequate 
bone contour when it is impossible to provide sufficient BB 
thickness 9, 10. 

Up to now, several retrospective studies analyzed the 
thickness of the BB; in the majority of studies, the data 
show that this thickness is below 1 mm, in some cases even 
less than 0.5 mm, while the tooth is still present in the al-
veolus 11–13. Loss of teeth will lead to additional bone resorp-
tion. Many authors suggest placing the implant at a greater 
distance from the BB to prevent changes in dimension 3. 

Since its introduction, cone beam computed tomogra-
phy (CBCT) has found a place in many branches of dentistry 
due to its advantages over conventional radiographic tech-
niques 14. CBCT is becoming a priority in the diagnosis and 
planning of oral and maxillofacial surgeries, as well as im-
plant placement. Besides the three-dimensional representa-
tion and noninvasiveness, CBCT has a low radiation dose 
and high resolution. It has proven to be an accurate and 
largely reliable diagnostic tool in the image of morphology 
and buccal wall thickness 15. Therefore, the CBCT is suitable 
for this type of research. The aim of this study was to meas-
ure the vestibular (buccal) bone thickness of anterior maxil-
lary teeth in the Serbian population and compare the differ-
ence between men and women, as well as between the left 
and right sides of the jaw. 

Methods 

Sample selection 

Images of 68 patients (36 women and 32 men, mean 
age 42 years, range 20–70 years) were examined with CBCT 
from the existing database. All recordings were made at the 
Department of Dentistry at the Medical Faculty of the Uni-

versity of Kragujevac, Serbia from October 25, 2014, to De-
cember 20, 2019. Ethical approval was obtained from the lo-
cal Ethics Committee (No. 01-8735). 

Patients were subjected to recording only in indicated 
cases, not for analysis of recordings for research purposes. 
The inclusion criteria were CBCT scans made during the di-
agnosis, therapy planning, and treatment in the cases of pros-
thetic, surgical, or orthodontic indications. The exclusion cri-
teria were pregnancy, patients on chemotherapy, and radia-
tion therapy. Patients with advanced periodontitis or a histo-
ry of periodontitis were also excluded from the study. Teeth 
with large fillings, metal and ceramic crowns, endodontic 
treatment, and chronic inflammatory diseases of the periapex 
were not analyzed. Images that did not show the frontal teeth 
completely, on which the region of the examined teeth was 
cut or distorted for technical reasons, were excluded from the 
analysis.  

Image analysis 

The scans were done on an Orthophos XG 3D device 
(Sirona Dental Systems GmbH, Bensheim, Germany). All 
measurements were analyzed on a standard monitor (Philips 
LED monitor, 23 inches, 1,920 × 1,080 pixels); the analyzed 
field size was 8 × 8 cm. In the frontal region (the area of 
central incisors, lateral incisors, and canines), the thickness 
of the BB was analyzed, and the images were placed so that 
the cross-section of the sagittal and transversal plane passes 
through the longitudinal axis of the tooth, while the vertical 
plane adjusts to the set sections. The length from the 
cementoenamel junction (CEJ) to the beginning of the 
alveolar bone was measured, followed by the thickness of the 
BB at various clinically relevant locations. Two researchers 
analyzed the collected data. Using the “measure distance” 
tool and “measure along path” tool on the sagittal section, 
the following values were measured: 1) the distance of the 
CEJ from the beginning of the bone crest (BC), CEJ-BC; 2) 
the thickness of the facial plate at the beginning of BC; 3) the 
thickness of the facial plate at 2, 5, and 8 mm from BC (BC-
2, BC-5, BC-8) (Figure 1). 

 

 
Fig. 1 – A) “Measure along path” tool was used to 
make points at the bone crest (BC), 2 mm, 5 mm, 

and 8 mm from BC. B) The distance of the 
cementoenamel junction (CEJ) from the beginning 

of BC (“measure distance” tool was used). 
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Statistical analysis 

All the data were statistically analyzed with both 
descriptive and analytical tests using the software SPSS 
v20.0 (SPSS Inc., Chicago, IL, USA). Mann–Whitney U test, 
Friedman’s test, and Wilcoxon signed-rank test were used to 
compare differences between measurements. The 
significance level was set at p ≤ 0.05. 

Results 

The data from 68 patients were statistically processed, 
analyzing a total of 373 maxillary teeth of the frontal region, 
including 128 central incisors, 124 lateral incisors, and 121 
canines. The mean value of the distance of the CEJ from the 
beginning of the bone was 2 mm, with the highest value 
observed on the lateral incisors, without a statistically 
significant difference between the groups (Table 1). 

Table 2 shows the mean values of the distance of the 
CEJ from the beginning of the alveolar bone and the 
thickness of the BB of each analyzed tooth on the left and 
right sides. A significantly higher value between the left 
and right sides was observed on the left central incisors at 
BC (p = 0.000), BC-2 mm (p = 0.001), and BC-5 mm 
(p = 0.003). No statistically significant difference in BB 
thickness or the distance of the CEJ from the beginning of 

the alveolar bone was observed on the remaining teeth. 
Table 3 shows the number and percentage of teeth in three 

categories (< 1.5 mm, 1.5–2.0 mm, and > 2 mm) concerning the 
BB thickness at defined reference points. The largest number of 
teeth (86–93%) had a BB thickness of less than 1.5 mm at all 
reference levels. The lowest prevalence of central incisors, 
lateral incisors, and canines was observed in the group > 2 mm, 
with the largest number of teeth within the group having a 
buccal wall thickness greater than 2 mm at the reference point 
BC-8 mm on lateral incisors (7.3%) and canines (3.3%). 

In all groups (central incisors, lateral incisors, and 
canines), a significantly smaller thickness of the buccal wall 
on the BC point was shown compared to other measurement 
points (p < 0.05). At the BC-2 mm reference point, 
significantly less BB thickness was observed compared to 
BC-5 mm and BC-8 mm on the central incisors, and BC-5 
mm on the lateral incisors (Table 4). 

A comparison between the genders showed that the 
thickness of the buccal wall at all reference points was greater 
in men. The statistically most significant difference between 
men and women (p = 0.000) was present at BC-5 mm on the 
lateral incisors and BC-8 mm on the canines (Table 5). 

Table 6 shows the values of Pearson and Spearman 
correlation coefficients. No correlation was found between 
the age of the subjects and the thickness of the buccal 
lamella of the upper jaw in the area of the front teeth. 

Table 1 
 Distance between cementoenamel junction (CEJ) and bone crest (BC)  

and results of comparison between groups 
Parameter Central incisors Lateral incisors Canines 
Number of teeth used 128 124 121 
CEJ-BC, mm 2.04 ± 0.80 2.05 ± 0.88 2.1 ± 0.81 
Values are presented as mean ± standard deviation. 
*Statistically not significant (p > 0.05, t-tests). 

Table 2 
The buccal bone thicknesses of the upper anterior teeth and results  

of comparison between the left and right side  

Parameter Central incisors Lateral incisors Canines 
left side right side left side right side left side right side 

Tooth number 11 21 12 22 13 23 
Number of teeth used  65 63 63 61 63 58 
CEJ-BC distance 1.98 ± 0.92 2.04 ± 0.77 2.15 ± 0.92 2.01 ± 0.81 2.16 ± 0.88 2.07 ± 0.72 
BC 0.63 ± 0.20 0.81 ± 0.39* 0.7 ± 0.35 0.81 ± 0.39 0.78 ± 0.35 0.81 ± 0.28 
BC-2 mm  0.75 ± 0.30 0.86 ± 0.26* 0.97 ± 0.42 1.08 ± 1.09 0.91 ± 0.4 0.96 ± 0.5 
BC-5 mm 0.76 ± 0.36 0.87 ± 0.35* 0.81 ± 0.44 0.87 ± 0.46 0.86 ± 0.38 0.92 ± 0.6 
BC-8 mm  0.94 ± 0.57 1.00 ± 0.5 0.93 ± 0.52 1.04 ± 0.64 0.85 ± 0.36 0.95 ± 0.61 
CEJ – cementoenamel junction; BC – bone crest. Values (in mm) are presented as mean ± standard deviation. 
* Statistically significant difference between right and left side,  p ≤ 0.05 (Mann–Whitney U test). 

Table 3 
The buccal bone thickness within three categories at different levels  

Parameter Central incisors Lateral incisors Canines 
< 1.5 1.5–2 > 2 < 1.5 1.5–2 > 2 <1.5 1.5–2 > 2 

BC  125 (97.7) 2 (1.6) 1 (0.8) 120 (96.8) 1 (0.8) 3 (2.4) 119 (98.3) 1 (0.8) 1 (0.8) 
BC-2 mm 125 (97.7) 3 (2.3) 0 (0) 110 (88.7) 12 (9.7) 2 (1.6) 108 (89.3) 10 (8.3) 3 (2.5) 
BC-5 mm 119 (93) 8 (6.1) 1 (0.8) 110 (88.7) 11 (8.9) 3 (2.4) 111 (91.7) 9 (7.4) 1 (0.8) 
BC-8 mm 119 (93) 8 (6.1) 1 (0.8) 107 (86.3) 8 (6.5) 9 (7.3) 109 (90.1) 8 (6.0) 4 (3.3) 
Total  122 (95.3) 6 (4.4) 0 (0) 116 (93.4) 6 (4.4) 2 (1.6) 116 (95.9) 4 (3.3) 1 (0.8) 

BC – bone crest. < 1.5 – less than the required thickness; 1.5–2 – minimally required thickness; > 2 – preferable required 
thickness. All values (in mm) are expressed as numbers (percentages). 



Page 832 VOJNOSANITETSKI PREGLED Vol. 80, No. 10 

Djurdjević M, et al. Vojnosanit Pregl 2023; 80(10): 829–835. 

Table 4 
Results of comparison between buccal bone thickness at different levels 

Parameter Central incisors Lateral incisors Canines 
Number of tееth used 128 124 121 
BC 0.72 ± 0.32a 0.76 ± 0.37a 0.79 ± 0.32a 
BC-2 mm 0.81 ± 0.29b 1.02 ± 0.83b 0.94 ± 0.45b 
BC-5 mm 0.82 ± 0.36c 0.86 ± 0.43c 0.89 ± 0.50b 
BC-8 mm 0.99 ± 0.54d 0.97 ± 0.59b 0.90 ± 0.50b 
*p-value ≤ 0.001  ≤ 0.001  ≤ 0.005 

BC – bone crest. Values (in mm) are presented as mean ± standard deviation. 
*Significant at p ≤ 0.05 (Friedman’s test, Wilcoxon signed-rank test, Bonferroni’s 
correction). Different letters in the same column represent statistically significant 
differences among groups (BC, BC-2, BC-5, BC-8). A statistically significant difference 
exists between the groups for each tooth when they are labeled with distinct letters in the 
table. If the groups are marked with the same letter, there is no statistically significant 
difference between them. 

 
Table 5 

Thickness of buccal plate of maxillary anterior and results of comparison 
between males and females 

Parameter Females Males p-value 
Central incisors    

number of tееth used 66 62  
BC 0.67 ± 0.20 0.78 ± 0.41 0.217 
BC-2 mm 0.80 ± 0.31 0.82 ± 0.27 0.539 
BC-5 mm 0.79 ± 0.37 0.86 ± 0.34 0.044* 
BC-8 mm 0.94 ± 0.55 1.03 ± 0.52 0.299 

Lateral incisors 
number of tееth used 68 56  
BC 0.70 ± 0.33 0.83 ± 0.41 0.013* 
BC-2 mm 0.86 ± 0.30 1.22 ± 1.15 0.002* 
BC-5 mm 0.70 ± 0.30 1.06 ± 0.49 0.000* 
BC-8 mm 0.83 ± 0.48 1.14 ± 0.66 0.001* 

Canines 
number of tееth used 63 58  
BC 0.77 ± 0.35 0.83 ± 0.28 0.084 
BC-2 mm 0.83 ± 0.41 1.05 ± 0.47 0.002* 
BC-5 mm 0.81 ± 0.57 0.99 ± 0.39 0.001* 
BC-8 mm 0.78 ± 0.51 1.03 ± 0.45 0.000* 

BC – bone crest. Values (in mm) are presented as mean ± standard deviation. 
*Significant at p ≤ 0.05 (Mann-Whitney U test). 
 

Table 6 
Correlation coefficients between age and the buccal bone thickness of the 

alveolar bone measurement points in the maxillary anterior teeth 

Measurement points Age 
Spearman’s rho p-value* 

Central incisors 
BC 0.69 0.733 
BC-2 mm 0.128 0.475 
BC-5 mm 0.59 0.914 
BC-8 mm -0.201 0.112 

Lateral incisors 
BC 0.372 0.497 
BC-2 mm 0.247 0.090 
BC-5 mm 0.131 0.324 
BC-8 mm 0.11 0.673 

Canines 
BC -0.13 0.898 
BC-2 mm 0.33 0.909 
BC-5 mm -0.003 0.969 
BC-8 mm -0.62 0.737 

BC – bone crest. *Pearson correlation is significant at 0.01 level. 
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Discussion 

It is known that in 80% of cases, the tooth roots are 
located next to the buccal plate, in the anterior maxillary 
region, and in 87% of cases, its thickness is less than 1 mm 
(average value is 0.8 mm), while in only 3% of cases, the 
thickness is 2 mm. Dehiscence or fenestration of the buccal 
plate due to vertical root fracture, endodontic complications, 
or tooth extraction is common. A thin or damaged buccal 
plate, 0.5–0.6 mm thick, is predominantly present in the 
extraction sockets of the anterior maxillary region 3, 16–18. In 
patients where immediate implants should be placed, the 
buccal plate is missing in 24–57% of cases, which correlates 
with a greater gingival recession 3. 

Since the buccal plate is essential for the long-term 
stability of the gingival margin, placing the implant in 
sockets with an insufficient buccal plate, without bone 
augmentation, would result in a gingival recession 19. 

Regardless of the diversity of the implant system, the 
correct three-dimensional position is the most important in 
terms of the aesthetic outcome of the treatment. Satisfactory 
height and width of facial bones can ensure the implant’s long-
term stability 20, 21. In addition to stability, the height and the 
width of the buccal alveolar bone have an impact on the soft 
tissues that cover them, especially the interdental papilla 22–26. 
A better aesthetic effect and lower frequency of gingival 
recession were observed after implantation in sockets with 
higher alveolar bone height and in thicker bone biotypes 27. 

According to the results of this study, the distance of 
the CEJ from the beginning of the alveolar bone was 2–3 
mm, confirming the statement that the head of the implant 
should be placed 3 mm below the imaginary line that joins 
the CEJ of adjacent teeth 28, 29. 

The analysis of this study showed that the thickness of 
the BB in the anterior maxilla, in more than 88% of cases, 
was less than 1.5 mm at all reference points, with mean 
values from 0.72 to 1.02 mm. Similar results were found by 
Sheerah et al. 3, wherein the group of less than 1.5 mm were 
88.7% of central incisors, 83.3% of lateral incisors, and 
95.2% of canines. Slightly lower values were shown by 
Rangari et al. 10, who found 32–53% of central and lateral 
incisors and 36–58% of canines in the group < 1 mm. 

BB thickness of less than 1 mm was observed in the area 
of central incisors, lateral incisors, and canines on all teeth 
except at reference point BC-8, where the value was slightly 
above 1 mm. Similar values were observed in other studies, 
and, in these cases, placing the implant more palatal is 
suggested, as the BB plate is thin. It is important to place the 
implant shaft to match the incisal edges of adjacent teeth or to 
place it more palatal in relation to the mentioned landmark, 
which leads to the possibility of bone perforation 28, 29. 

In this study, the analysis showed that thicker BB 
(mean thickness of > 2 mm) was present in only 0–0.8% of 

central incisors, 1.6–2.4% at all reference points except BC-8 
where thicker bone was found in as much as 7.3%, while on 
the canines it occurred in 0.8–3.3%. Similar results have 
been shown in other studies 6, 30. Compared to the available 
literature, a higher prevalence was observed in the study of 
Fuentes et al. 31 in central incisors (14.4%), lateral incisors 
(6.2%), and canines (9%); Ghassemian et al. 32 presented 
similar results. Different results may be due to differences in 
the surveyed populations, the number of respondents, and 
many other factors. On the other hand, a minimum buccal 
plate thickness of 2 mm proved to be an essential feature for 
maintaining the vertical dimension after tooth extraction 33. 
Studies examining gender and age differences have shown 
that these factors might be important when planning 
immediate implant placement 34, 35, while the effect of 
systemic diseases was not statistically significant at the 
reference point 8 mm from the alveolar bone crest 36. In this 
study, a statistically significant difference between men and 
women was also confirmed, and the women had a 
significantly smaller BB plate thickness than males. 

A statistically significant difference between the left 
and right sides was present between the central incisors at the 
alveolar bone crest and the distance of 2 mm and 5 mm from 
it. There were no statistically significant differences between 
the left and right sides of the remaining teeth, which coin-
cides with the data from the literature 6, 37. Similar to the re-
sults of other studies, there was no correlation between age 
and buccal plate thickness of the aesthetic region 6, 30. 

A limitation in the present study, and one common to 
similar studies using CBCT measurements, is the 
unreliability of the images when measuring bone plate 
thinner than 1 mm. Behnia et al. 38 evaluated that CBCT is 
very accurate when measuring bone thickness greater than 1 
mm, while radiographic measurement of smaller dimensions 
more often overestimates bone thickness compared to direct 
measurement using calipers. Another potential limitation is 
the small sample size. A larger number of patients is needed 
to obtain more valid results, considering that a certain 
number of patients did not have all the teeth in the aesthetic 
region. 

Conclusion 

This study shows that a very small number of maxillary 
teeth have a BB thickness > 2 mm, and thus, it can be 
concluded that the bone in the area of the anterior maxillary 
teeth is mostly thin. Therefore, the criterion to provide at 
least 2 mm of thickness is difficult to meet, which increases 
the use of auxiliary methods of bone augmentation during 
immediate implant placement. Consequently, CBCT scans 
are highly recommended for implantation planning to 
minimize complications and observe the critical dimensions 
of the BB before starting surgical therapy. 
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