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Abstract
Introduction: The dental implant has now become a routine treatment for oral rehabilitation.1 The 
treatment planning and positioning of implants is greatly dependent upon the clinicians’ understanding 
of the alveolar architecture of the maxilla and mandible.2–4 In the esthetic zone, the implants therapy 
can be successful only if it is in harmony with the surrounding tissues. 
Objectives: To study the labial osseous wall thickness of the anterior maxillary bone at various sites 
apical to the cemento-enamel junction using the cone beam computed tomography (CBCT).
Materials and Methods: Cone beam tomographic scans of 150 Nepalese adults (70 females and 80 
males) were obtained from the Oral Radiology Unit, Kantipur Dental College Teaching Hospital & 
Research Center. CBCT scans were carried out by trained technicians using CS 9300 (Carestream 
Dental, Atlanta, GA, USA). In the CBCT images, distances between the CEJ and alveolar crest (AC) as 
well as the labial bone thickness at different levels (at the crest, 1mm, 3mm and 5 mm) were measured 
for central incisor (CI), lateral incisor (LI), and canine (C).
Results: It showed that the average distance between CEJ and crest of CI, LI, and C were 1.98±0.84 
mm, 2.09±0.83 mm, and 2.12±1.20 mm, respectively. Only 3.3% of the CI, 10.7% of the LI, and 13.3% 
of the C showed a thick labial bone (1–2 mm) at the crestal level. At the 1 mm level, 75.3% of the CI, 
64.5% of LI, and 70% C showed a very thin bony wall. Similarly, none showed very thick bony wall 
(>2mm). The thickness level was significant at the crest and at 5 mm level. The highest bone thickness 
of LI was found at the 1 mm level. In addition, there was also significant difference in different levels 
of LIs. The mean distance between the CEJ and the AC for the CI and the C was significantly higher 
in males than females.
Conclusion: The labial bone in the anterior maxilla is inherently thin, with more than 80% of the sites 
showing less than 1 mm. The results of this study may be useful for the implant planning in the esthetic 
zone and it is recommended tissue augmentation (soft and hard) to achieve esthetic emergence profile. 
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Introduction

The dental implant has now become a routine 
treatment for oral rehabilitation. 1The 

treatment planning and positioning of implants 
is greatly dependent upon the clinicians’ 
understanding of the alveolar architecture of 
the maxilla and mandible.2–4 In the esthetic 
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zone, the implants signify the harmony of 
the surrounding tissues with the definitive 
restoration. Using the triangle of bone decision 
tree, the projected implant site is depicted in a 
buccolingual slice from the CBCT scan. The 
apex of the triangle is oriented toward the height 
of the alveolar ridge and the projected site 
for the implant platform. The base is oriented 
toward the apical extent of the implant fixture 
and terminates at the most apical extent of the 
available bone. Understanding of the “triangle 
of bone” present in the anterior maxilla aids 
in implant placement enclosing the implant 
circumferentially within bone and avoiding 
potential surgical and restorative issues.5

The facial wall is a key factor for the esthetic 
outcome in implant dentistry. Hence, precise 
evaluation of the labial wall before surgery aids 
in proper treatment planning with high success 
rate. Although the immediate placement of 
implants is thought to preserve the shape 
of the alveolar bone, it doesn’t prevent the 
natural remodeling procedure, particularly 
of the buccal osseous plate.6–8 At least 1-2 
mm of buccal bone in the anterior maxilla 
is needed for adequate soft tissue support 
and an optimal esthetic outcome.9 Optimal 
esthetic outcomes are greatly dependent upon 
the ideal three-dimensional (3D) positioning 
of the implant to ensure that adequate buccal 
bone and tissue biotype is present. Diagnostic 
imaging thus plays a key role for correct 
implant placement.9–13 At present, cone beam 
computed tomography (CBCT) is a standard 
3D diagnostic radiographic system utilized in 
treatment planning of dental implants.14–16 With 
a low radiation dosage, affordable price, high 
resolution and the accuracy of measurements 
through multiple planar formatted images 
have now made CBCT the method of choice 
for treatment planning of dental implants for 
many clinicians.17,18 The buccal and lingual 
osseous plate thickness can now be measured 
with greater precision with the help of the 

CBCT, allowing the clinician to plan accurately 
to prevent catastrophic events like fenestration 
and dehiscence around the implant site due to 
inadequate buccal osseous thickness.19

This study aimed to investigate the labial 
osseous wall of the anterior maxilla at various 
sites apical to the CEJ using the CBCT. In 
addition, the thickness of the buccal osseous 
plates was investigated in males and females.

Materials and Methods

Study proposal was approved by the Institutional 
Review Board (IRB) of Kantipur Dental 
College Teaching Hospital & Research Center 
and ethical clearance was obtained. The CBCT 
scans were studied from the database of the 
Oral Radiology Unit, Kantipur Dental College 
Teaching Hospital & Research Center over a 
period of 9 months from June 2018 to February 
2019. All the CBCT scans were carried out 
by a trained technologist from the CBCT unit 
(CS9300CBCT, Carestream Dental, Atlanta, 
GA, USA) with the following settings: 85 kV, 
12 mA, 0.1mm voxel size and a 17 x 13cm 
field of view. Sample size was estimated to be 
138 based on the prevalence rate in a previous 
study.20 The CBCT images were obtained from 
Nepalese subjects for dental purposes, such as 
oral surgery, dental implant, and orthodontic 
purpose and were studied in CS 3D software 
(Carestream Dental, Atlanta, GA, USA).

The inclusion criteria were properly exposed 
CBCT with adequate contrast, presence of 
six maxillary anterior teeth [central incisor 
(CI), lateral incisor (LI), and canine(C)], no 
pathologies in anterior maxilla, and no evidence 
of periodontal bone loss. The exclusion 
criteria were the CBCT scans of subjects with 
mal-aligned and crowded teeth, undergoing 
orthodontic therapy, root resorption, periodontal 
involvement, any pathologies in maxillary 
anterior area, metal or zirconia crowns in the 
anterior maxillary region, and distorted images.
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The labial osseous plates thickness were 
measured in the labial-palatal direction 
perpendicular to the long axis of the tooth 
root.21–23 The measurements were recorded at 4 
locations in sagittal section: at the crest (L0), 
1 mm (L1), 3 mm (L3) and 5 mm (L5) apical 
to the crest for each tooth as shown in Fig 1. 
The CBCT cross-section of a CI, LI and C 
demonstrating a thin buccal osseous plate along 
the root length is shown in Fig 2. Additionally, 
the distance between the alveolar crest and CEJ 
were measured. A single investigator performed 
all the measurements using the computer 
software. Descriptive statistics were calculated. 
Measurements at different levels of each tooth 
were tested by Friedman’s test using SPSS 
version 18 at the significance level at P<0.05. 
For statistically significant data, Wilcoxon 
signed rank test was used to do the pair-wise 
comparisons. In addition, Mann-Whitney U-test 
was done to compare between the 2 genders. 
Finally, Spearman’s correlation was done to 
determine the relationship between the age and 
thickness of bone at different levels of the CI, 
LI, and C.

Results

The study was conducted in CBCT images of 
450 teeth of 150 patients (70 females and 80 
males) as shown in Table 1. The measurements 
at different levels (L0, L1, L3, L5) were 
distributed into three categories according to the 
teeth CI, LI and C (Table 2). At the crestal level 
(L0), thick labial bone (1-2mm) was prevalent 
in 3.3% of CIs, 10.7% of LIs and 13.3% of Cs. 
Most LIs (46%) showed very thin osseous wall 
(<0.5 mm) whereas, thin (0.5–1mm) osseous 
wall was present in 66% of CIs, 43.3% of LIs 
and 54% of Cs.

At L1 level (1 mm apical to the crest), 70% C, 
64.7% of LIs and 75.3% of CIs exhibited thin 
osseous walls. At the L5 level, very thin osseous 
wall was observed in most of the LIs and Cs 

(Table 2). None of the teeth at any level showed 
a very thick osseous wall (>2mm).

The descriptive statistics of the osseous 
thickness at different levels is shown in Table 
3. The comparisons of osseous thickness of 
each tooth at different levels between males 
and females of CI, LI and C are shown in 
Table 4-6. Males demonstrated statistically 
significant higher mean osseous thickness at 1 
mm (P=0.007) and 5 mm (P=0.031) of CIs and 
at 5 mm of LIs (P<0.001). But, at other levels of 
measurement, there was no significant difference 
between gender. The distance from the alveolar 
crest (AC) and CEJ was significantly higher 
(P<0.001) in males for CIs and Cs, whereas 
there was no significant difference in case of LIs 
(P=0.104).

The results of comparison of osseous thickness 
of teeth at different levels is shown in Table 7. 
The osseous thickness at various levels for the 
Cs showed a significant lower thickness levels 
at the crest, L0 and L5 levels. Highest osseous 

Figure 1: CBCT cross-section of a healthy maxillary 
central incisor demonstrating a thickness of buccal 
osseous plate along the roots length at different 
locations.
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thickness of the LIs was found at the L1 level. A 
statistically significant difference was observed 
at different levels of the LIs except for L0 and 
L3 levels.

Table 8 shows the results of comparison 
of osseous thickness of teeth at different 
levels in the two genders. The CIs in females 
demonstrated statistically significantly higher 
osseous thickness at the 1 mm level. The LI and 
C showed significant lower osseous thickness at 
the 5 mm level. In males, the crestal level (L0) 
showed significant lower osseous thickness 
regarding the CI. For the LI and C, the lowest 
osseous thickness was exhibited at L5. As 

Figure 2a: CBCT cross section of a maxillary central incisor demonstrating a thin buccal osseous plate along 
the root length.
Figure 2b: CBCT cross section of a maxillary lateral incisor demonstrating a thin buccal osseous plate along 
the root length.
Figure 2c: CBCT cross section of a maxillary canine demonstrating a thin buccal osseous plate along the 
root length.

the osseous thickness at different levels was 
compared, a significant difference was not 
observed between L1 and L3, L1 and L5 and L3 
and L5 in males.

Finally, Spearman’s correlation between age 
and osseous thickness at different levels of 
the central incisor, lateral incisor and canine is 
shown in Table 9. A weak negative correlation 
was seen between age and thickness of bone 
at 1 mm from the crest of the CI (rs = -0.335, 
n=150, P<0.001), but a positive mild correlation 
was observed for the LI at the 5 mm level (rs = 
0.203, n=150, P<0.013). For C, a weak positive 
correlation was seen at the 3 mm and 5 mm 
level (Table 8).
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Table 1: Study subject distribution by gender, age, and tooth type.
Variables Frequency

Gender distribution
Male

Female

N=150
70 (46.7)
80 (53.3)

Mean age (years) ±SD
Age groups
<20 years

21-30
>31

25.37 ±6.364

28 (18.7)
98 (65.3)
24 (16.0)

Total number of teeth
Central incisor (CI)
Lateral incisor (LI)

Canine (C)

450
150
150
150

Table 2: Osseous thickness distribution at different levels (n=150).
Tooth Level <0.5 mm 0.5 – 1 mm 1 – 2 mm

Central incisor

Crestal (L0) 46 (30.7%) 99 (66%) 5 (3.3%)
At 1 mm (L1) 21 (14%) 113 (75.3%) 16 (10.7%)
At 3 mm (L3) 33 (22%) 101 (67.3%) 16 (10.7%)
At 5 mm (L5) 41 (27.3%) 101 (67.3%) 8 (5.3%)

Lateral incisor

Crestal (L0) 69 (46%) 65 (43.3%) 16 (10.7%)
At 1 mm (L1) 33 (22%) 97 (64.7%) 20 (13.3%)
At 3 mm (L3) 65 (43.3%) 68 (45.3%) 17 (11.3%)
At 5 mm (L5) 105 (70%) 41 (27.3%) 4 (2.7%)

Canine

Crestal (L0) 49 (32.7%) 81 (54%) 20 (13.3%)
At 1 mm (L1) 21 (4%) 105 (70%) 24 (16%)
At 3 mm (L3) 24 (16%) 90 (60%) 36 (24%)
At 5 mm (L5) 78 (52 %) 52 (34.7%) 20 (13.3%)

Table 3: Descriptive statistics of different parameters.
Level Statistics Central incisor Lateral incisor Canine

CEJ-alveolar 
crest

Mean ±SD 1.986 ±0.843 2.095 ±0.832 2.124 ±1.207
Median (Interquartile 

range)
2 (1.275 - 2.5) 1.9 (1.6 - 2.7) 2 (1.25 - 2.6)

Bone thickness at 
crest

Mean ±SD 0.644 ±0.226 0.612 ±0.243 0.705 ±0.261
Median (Interquartile 

range)
0.6 (0.5 - 0.8) 0.6 (0.4 – 0.7) 0.7 (0.5 – 0.8)

Bone thickness at 
1 mm

Mean ±SD 0.773 ±0.197 0.779 ±0.259 0.836 ±0.263
Median (Interquartile 

range)
0.7 (0.6 – 0.9) 0.8 (0.6 - 0.9) 0.8 (0.6 - 1)

Bone thickness at 
3 mm

Mean ±SD 0.7467 ±0.231 0.664 ±0.321 0.81 ±0.311
Median (Interquartile 

range)
0.7 (0.6 – 1) 0.6 (0.4 – 0.9) 0.7 (0.6 – 1)

Bone thickness at 
5 mm

Mean ±SD 0.688 ±0.222 0.504 ±0.236 0.626 ±0.292
Median (Interquartile 

range)
0.7 (0.5 – 0.8) 0.5 (0.3 – 0.6) 0.5 (0.4 – 0.8)
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Table 4: Comparison of thickness of bone between the two genders of central incisor.
Level Statistics Female (n=70) Male (n=80) P-value

CEJ-AC
Mean±SD 1.647±0.711 2.283±0.841 <0.001*

Median (interquartile 
range)

1.70(1.075-2.0) 2.5(1.6-2.70)

Bone thickness 
at crest

Mean±SD 0.638±0.266 0.65 ±0.184 0.696
Median (interquartile 

range)
0.70(0.40 – 0.80) 0.60 (0.5 – 0.77)

Bone thickness 
at 1 mm

Mean±SD 0.822±0.196 0.73±0.189 0.007*
Median (interquartile 

range)
0.70 (0.70-1) 0.70 (0.6 –0.9)

Bone thickness 
at 3 mm

Mean±SD 0.702±0.207 0.785±0.245 0.118
Median (interquartile 

range)
0.70(0.5 - 0.8) 0.70 (0.6 - 1)

Bone thickness 
at 5 mm

Mean±SD 0.645±0.243 0.725±0.195 0.031
Median (interquartile 

range)
0.60(0.4 - 0.8) 0.7(0.60 -0.9)

Table 5: Comparison of thickness of bone between the two genders of lateral incisor.
Level Statistics Female (n=70) Male (n=80) P-value

CEJ-AC
Mean±SD 1.936±0.721 2.233+0.899 0.104

Median (interquartile 
range)

1.8(1.5 - 2.3) 1.95 (1.62 – 2.9)

Bone thickness 
at crest

Mean±SD 0.644±0.281 0.585±0.223 0.945
Median (interquartile 

range)
0.5(0.5 -0.7) 0.60 (0.40 – 0.70)

Bone thickness 
at 1 mm

Mean±SD 0.778±0.314 0.78±0.20277 0.153
Median (interquartile 

range)
0.7(0.5 - 0.8) 0.8(0.6 - 0.9)

Bone thickness 
at 3 mm

Mean±SD 0.641±0.335 0.685±0.308 0.234
Median (interquartile 

range)
0.6(0.4 -0.82) 0.70 (0.42-0.9)

Bone thickness 
at 5 mm

Mean±SD 0.43±0.22 0.57±0.231 <0.001*
Median (interquartile 

range)
0.4(0.3 - 0.5) 0.5(0.4 - 0.77)

Table 6: Comparison of thickness of bone between the two genders of canine.
Level Female (n=70) Male (n=80) P-value

CEJ-AC Mean ±SD 1.561 ±0.7432 2.617±1.319 <0.001*
Median (interquartile range) 2.35 (2 - 2.7) 1.40(1.05-2.0)

Bone thickness 
at crest

Mean ±SD 0.711 ±0.282 0.7±0.242 0.909
Median (interquartile range) 0.7(0.47 - 0.9) 0.7 (0.5 – 0.8)

Bone thickness 
at 1 mm

Mean ±SD 0.872±0.326 0.805±0.189 0.611
Median (interquartile range) 0.8(0.6-1) 0.8(0.62 -0.975)

Bone thickness 
at 3 mm

Mean ±SD 0.828±0.319 0.795±0.304 0.855
Median (interquartile range) 0.7(0.6 - 0.9) 0.75(0.52-1.07)

Bone thickness 
at 5 mm

Mean ±SD 0.611±0.28 0.64±0.304 0.568
Median (interquartile range) 0.5(0.4-0.7 0.7(0.32-0.8)
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Table 7: Results of comparison of osseous thickness of teeth at different levels (Friedman test).
Teeth type P-value Wilcoxan signed rank (pairwise comparison)

Central incisor <0.001*

L0 – L1 (<0.001)
L0 – L3 (<0.001)
L0 – L5 (0.039)
L1 – L3 (0.049)
L1 – L5 (0.001)
L3 – L5 (0.001)

Lateral incisor <0.001*

L0 – L1 (<0.001)
L0 – L3 (0.540)
L0 – L5 (<0.001)
L1 – L3 (<0.001)
L1 – L5 (<0.001)
L3 – L5 (<0.001)

Canine <0.001*

L0 – L1 (<0.001)
L0 – L3 (0.001)
L0 – L5 (0.005)
L1 – L3 (0.068)
L1 – L5 (<0.001)
L3 – L5 (<0.001)

*significant different at P<0.05.

Table 8: Results of comparison of osseous thickness of teeth at different levels in the two genders 
(Friedman test).

Male Female

Teeth type P-value
Wilcoxan signed rank 
(pairwise comparison)£ P-value

Wilcoxan signed rank 
(pairwise comparison)£

Central incisor <0.001

L0 – L1 (0.002)
L0 – L3 (0.001)
L0 – L5 (0.006)
L1 – L3 (0.024)
L1 – L5 (0.915)
L3 – L5 (0.015)

<0.001*

L0 – L1 (<0.001)
L0 – L3 (0.027)
L0 – L5 (0.531)
L1 – L3 (<0.001)
L1 – L5 (<0.001)
L3 – L5 (0.018)

Laterl incisor <0.001

L0 – L1 (<0.001)
L0 – L3 (0.303)
L0 – L5 (0.347)
L1 – L3 (0.015)
L1 – L5 (<0.001)
L3 – L5 (<0.001)

<0.001*

L0 – L1 (0.001)
L0 – L3 (0.794)
L0 – L5 (<0.001)
L1 – L3 (<0.001)
L1 – L5 (0.003)
L3 – L5 (<0.001)

Canine <0.001

L0 – L1 (<0.001)
L0 – L3 (0.037)
L0 – L5 (0.194)
L1 – L3 (0.382)
L1 – L5 (<0.001)
L3 – L5 (<0.001)

<0.001*

L0 – L1 (<0.001)
L0 – L3 (0.015)
L0 – L5 (0.027)
L1 – L3 (0.126)
L1 – L5 (<0.001)
L3 – L5 (<0.001)

*significant different at P<0.05.£For post-hoc analysis with Wilcoxan signed rank pairwise comparison Bonferroni 
adjustment was applied, thus the significance level was set at 0.0083.
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Table 9: Spearman’s correlation between age and osseous thickness at different levels of the central 
incisor, lateral incisor and canine.

Tooth 
Thickness at crestrs

(P-value)
At 1 mmrs

(P-value)
At 3mmrs

(P-value)
At 5 mmrs

(P-value)
Central incisor -0.085 (0.301) -0.335 (<0.001*) -0.112 (0.173) 0.029 (0.724)
Lateral incisor -0.070 (0.391) 0.043 (0.603) 0.117 (0.153) 0.203 (0.013*)

Canine 0.057 (0.492) 0.019 (0.814) 0.168 (0.040*) 0.209 (0.010*)

*significant difference at P<0.05.

Discussion

The volume of facial osseous play an important 
role in the anterior esthetic by supporting the 
mucosa around dental implants. The height 
of the alveolar crest determine the occluso-
gingival position of dental implant while the 
facial osseous thickness plays a greater role 
on the emergence profile of the prosthesis.24 

The CBCT images were used to study the 
thickness of the facial osseous wall in the 
maxillary esthetic zone in this study. In most of 
the cases, the facial osseous walls of maxillary 
anterior teeth are thin which is a risk factor for 
the implant placement owing to its substantial 
resorption following tooth extraction.7,8,25–27 

Osseous augmentation procedures and palatal 
placement of the implant fixtures have been 
recommended for optimal clinical outcomes 
of early and immediate implant placements in 
maxillary anterior region.28–31

In this present study, for the evaluation of the 
labial bone thickness, four readings (L0, L1, 
L3, and L5) were done that may potentially 
alter the placement of an immediate implant. 
The L0, L1, and L3 are more important than the 
reading at L5 as a measure of the crestal osseous 
architecture as they configure the alveolar 
process. The mean value at L1 and L3 levels 
showed a higher osseous thickness than at L0.

The labial bone thickness was greater in males 
than in females in L1, L3 and L5 regions. This 
difference in osseous thickness and density in 
males and females may be attributable to the 

heavier masticatory forces and musculature 
exhibited by males compared to females as 
stated by other authors.32,33 However, females 
showed greater alveolar osseous thickness at 
the level of the alveolar crest (L0) and less bone 
loss compared to male.34

In this study, the distances: bony crest to mid-
labial point of CEJ were 1.99 mm (CI), 2.09 
mm (LI), and 2.12 mm (C). These results were 
similar to the other studies done by Zekry et al., 
Wang et al., Januario et al, and El Nahass and 
Naiem.8,22,35,36 In addition, there was difference 
in the CEJ to bone distances in CI and C 
region between male and female. The males 
demonstrated a greater distance in the LI region 
which is similar to the findings from other 
study.37 

Conclusion

The results of this study indicated that the labial 
bone in the anterior maxilla is thin, greater than 
80% of the sites revealed bone thickness <1 
mm. This result has a great implication on the 
treatment planning for implant placement in 
the esthetic zone, as either soft or hard tissue 
augmentation or a combination of both may 
be needed in most cases to achieve proper 
emergence profile and esthetics for long term 
success. 
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