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Maxillary and Mandibular
Cortical Bone Thickness in
Anterior Dentate Region:
a Cone-Beam Computed
Tomography Analysis

Abstract

Aim

The present study aims to measure the thickness
of cortical bone buccally, palatally/ lingually in
anterior dentate sites in maxilla and mandible.

Materials and Methods

Cone-beam computed tomography images
of 480 patients (240 males and 240 females)
aged 25 to 65 years were analyzed to measure
the thickness of the buccal and palatal/lingual
cortical bones for both maxillary and mandibular
anterior teeth on the right and left sides. The
measurements were made at following levels:
the crest, the middle third of the root and the
apex. The data was collected and statistically
analyzed using the independent t-test for the
differences between the male and female groups
and between the buccal and palatal/lingual sides
at each level. Pearson's correlation was used to
assess the association between gender and bone
thickness.

DOl

Results

The buccal cortical bone thickness was least in
canines followed by central incisors. Whereas,
the highest palatal/lingual cortical bone thickness
was seen in canines followed by central incisors.
The palatal/lingual bone thickness was higher
than the buccal bone thickness at each level
(p<0.05).

The mean buccal and palatal/lingual bone
thickness at each level was significantly larger
in males than females and the difference was
statistically significant (p<0.05). Also, gender
was sighificantly associated with the buccal and
palatal/lingual bone thickness (r=0.58, p=0.04).

Conclusion

The present study suggests that the cortical bone
thickness in maxilla and mandible varies with
respect to location of the teeth and gender.
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INTRODUCTION

Cortical bone thickness is an indicator of overall bone
health. Thicker cortical bone generally suggests better bone
quality and density, which is crucial for dental procedures.
Studying the cortical thickness of the maxilla and mandible
is important for several reasons, particularly in the field of
dentistry.

The thickness of the cortical bone in the maxilla and
mandible is critical for the primary stability of dental
implants. Understanding cortical thickness helps in
selecting the appropriate implant size and shape and in
planning the placement to maximize bone contact and
stability (1). The mechanical interaction between the dental
implant fixture and the surrounding bone determines
implant primary stability, which is thought to be the first
prerequisite for the success of dental implant treatment
(2). Implant primary stability is significantly influenced by
both bone density and cortex thickness (3,4). Preoperative
evaluation of the characteristics of the bone can be used to
predict the stability of the implant, especially immediate
implants (5).Preoperative bone evaluation can also help
in avoiding certain complications that could affect the
success of a dental implant, like perforation and damage
to anatomical structures (6). Moreover, to create dental
implant restorations that are aesthetically pleasing,
adequate alveolar bone volume, thickness and height are
crucial (7).

Furthermore, cortical bone thickness can affect the rate
and extent of tooth movement. Thicker cortical bone
may resist orthodontic forces, necessitating adjustments
in treatment plans (8). In orthodontic treatments, mini-
implants or temporary anchorage devices are often used.
Knowing the cortical bone thickness helps in determining
the best placement for these devices (9). According to
Miyamoto I et al. (10), cortical bone thickness has a greater
impact on initial stability during implant installation than
does implant length. Determining the bone condition is
crucial for the success of implant treatment and cortical
to cancellous bone ratio is crucial for implant stability
during surgery. A recent systematic review established a
relationship between the implant's primary stability and
the thickness of the cortical bone at the insertion site (11).
Dental professionals are becoming more interested in
studying the thickness of bone in the maxillary and
mandibular dentition. Basal bone and alveolar bone, which
are created by the alveolar process, make up the maxilla
and mandible. The mandibular and maxillary bones are
not structurally similar; cancellous bone typically makes
up a larger portion of the former (12). For evaluating bone,
cone-beam computed tomography (CBCT) is thought to be
an effective three-dimensional imaging technique. Since its
introduction in 1982, CBCT has been a crucial diagnostic
and imaging tool because it produces clear images devoid of
nearby structures superimposing on them. When comparing
it to panoramic radiographs, it was superior at displaying
anatomical structures (13). It takes minimal scanning time
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and produces extremely valuable information in all multiple
planes with a low radiation dose (14).

Due to the variability in cortical bone thickness, it is crucial
to perform a detailed preoperative assessment, often using
CBCT scans, to measure bone dimensions accurately at the
planned implant site. Understanding these nuances and
the anatomical differences between buccal and palatal/
lingual cortical bone in the anterior maxilla and mandible
is essential for achieving successful esthetic outcomes
especially in immediate implant placement. Thus, this study
was done to: (a) measure cortical bone thickness in maxillary
and mandibular regions - buccally, palatally/lingually in
anterior dentate sites; and (b) determine whether gender
had an impact on cortical bone thickness.

MATERIALS AND METHODS

480 patients (240 males; 240 females) aged 25 to 65 years
were included in this study. This study involved dentate adult
patients who were referred for a head and neck CBCT scan
between January 2024 and May 2024 to the Department of
Radiology, Saveetha Dental College and Hospitals, Chennai,
India. The study was carried out in compliance with 1975
Helsinki Declaration, as amended in 2013, with approval
from Saveetha Dental College and Hospitals' Institutional
Ethical Committee (THEC/SDC/MSIMPLANT-2305/24/052).

Every participant gave their informed consent. G*Power
Software, Version 3.0 was used to calculate the sample size
based on the mean and standard deviation values from a
prior study (15). 80% power and an a of 0.05 were chosen.
The target sample size was 478 subjects.

This study included patients who were completely dentate
and free of periodontal disease; they ranged in age from
25 to 65; they had fully formed apex in both maxillary and
mandibular teeth; they had no crowns, root canal therapy,
resorbed roots, congenital anomalies and periapical
infections.  Patients with impacted/supernumerary
teeth; history of maxillary or mandibular surgery; tooth
misalignment were excluded.

CBCT (Sirona Orthophos XG SD System, NC, USA) was
utilized to measure the thickness of buccal and palatal/
lingual cortical bones. For the right and left maxillary
(Figure 1) and mandibular (Figure 2) teeth, thickness
measurements were taken at the central incisor (CI), lateral
incisor (LI) and canine (C). The thickness of the buccal and
palatal/lingual cortical bones was determined from the
distance of the outer cortex to the tooth root at following
levels: crest, middle third and apex. All measurements were
performed by one investigator (PM).

Statistical Analysis

The Statistical Package for Social Sciences (SPSS Software,
Version 23.0; IBM Corp., Armonk, NY, USA) was employed
to conduct the data analysis. The Shapiro-Wilk test of
normalcy and the Kolmogorov-Smirnov test were used to
assess the results. Results were found to follow a parametric
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Fig. 1 CBCT measurement of maxillary cortical bone thickness at three
levels on the (A) buccal aspect and (B) palatal aspect

distribution based on the data. The mean and standard
deviations were used to display the data. The differences
between males and females and between buccal and palatal/
lingual sides at each level were analyzed by independent
t-test. Pearson’s correlation coefficient was calculated to
examine association between variables. A p-value of less
than 0.05 indicated statistical significance for the results.

RESULTS

This study involved a total of 480 CBCT examinations
(240 males and 240 females) with a mean age of 45.26
years. Table 1 displays the mean thickness of the buccal
and palatal/lingual bone in the maxillary and mandibular
anterior teeth. Canines had the lowest mean buccal bone
thickness at all three levels in maxillary and mandibular

Fig. 2 CBCT measurement of mandibular cortical bone thickness at
three levels on the (A) buccal aspect and (B) lingual aspect

anterior teeth, followed by central and lateral incisors.
Whereas regarding the palatal/lingual bone thickness, the
highest mean value was observed in canines followed by
central incisors and lateral incisors at all the three levels.
Also, the palatal/lingual bone thickness was higher than the
buccal bone thickness at each level (p<0.05). Additionally,
the thickness of the bone increased steadily on the buccal
and palatal/lingual sides from the crestal level to the apical
level. Every tooth's buccal and palatal/lingual sides differed
significantly at each level (p<0.05).

Table 2 displays the mean thickness of the buccal and
palatal/lingual bone in the maxillary and mandibular
anterior teeth for both males and females. On the buccal
and palatal/lingual sides, there was a consistent rise in bone
thickness for both sexes from the crestal level to the apical
level. Regarding the differences between females and males,

Maxillary Buccal Side Tab. 1 Cortical bone
Measured areas | 13 12 1 21 22 23 m;":{;iﬁ;;’a”r:f(:r‘i'(')ar?ez:s
At crest 0.46+0.28 |0.6%0.21 0.56+0.27 |0.50+0.21 |0.79+0.35 |0.46+0.26

Atmiddle third | 0.82+0.27 |1.0+0.21 0.9+0.12 0.98+0.33 |1.02+0.09 |0.76+0.38

At apex 1.5+0.06 1.64+0.78 |1.30+048 |144+0.59 |152+0.70 |1.27+0.36

Maxillary Palatal Side

Measured areas | 13 12 11 21 22 23

At crest 1.29+0.02 |0.84+0.10 |1.08%+0.44 |1.11+0.62 0.96+0.46 | 1.24+0.23

Atmiddle third | 2.30+0.89 |1.80+0.48 |221+0.63 |210+0.70 |190+0.90 |2.38+0.28

At apex 3.6+0.90 3.09+0.38 |3.26+0.33 |3.101+0.94 |274+010 |3.72+0.88

Mandibular Buccal Side

Measured areas | 43 42 41 31 32 33

At crest 0.33+0.19 |0.56+0.22 |0.44+010 |0.57+0.26 |0.63+0.24 |0.42+0.20

Atmiddle third | 0.86+0.19 |0.92+0.16 |0.89+0.11 |0.80+0.13 |0.83+0.09 |0.60+0.13

At apex 164+0.01 |195+0.24 |1.69+0.91 1.39+0.62 |154+097 |1.36+0.66

Mandibular Lingual Side

Measured areas | 43 42 41 31 32 33

At crest 116+0.15 |0.81+0.20 |0.86+0.25 |0.92+0.29 |0.74+0.28 |1.23+0.28

Atmiddle third | 1.88+0.49 |1.66+0.18 |1.67+0.31 1.37+0.19 1284013 |2.24+0.41

At apex 279+0.81 |2.48+0.48 |269+0.34 |21+0.08 2.01+0.04 |3.14+0.76
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males had significantly larger mean buccal and palatal/
lingual bone thickness at each level than females and the
difference was statistically significant (p<0.05). Moreover,
there was a significant correlation (r=0.58, p=0.04) between
gender and the thickness of the buccal and palatal/lingual
bones.

DISCUSSION

Research in implantology is primarily focused on improving
success rates by enhancing osseointegration between the
implant and surrounding bone (16-20). All such efforts aim
to optimize bone-implant integration, which forms the
cornerstone of long-term stability and function (21,22).
In this context, advancements in imaging technology,
particularly CBCT, have greatly strengthened the clinician’s
ability to accurately assess cortical bone thickness in the
maxilla and mandible. This precision has translated into
improved treatment outcomes and patient care in the field
of dentistry. Accordingly, the present study was designed
to quantify bone thickness in the buccal and palatal/lingual
regions of maxillary and mandibular teeth. The results of
our study showed that the canines had the lowest buccal
cortical bone thickness among the maxillary and mandibular
anterior teeth, followed by the central incisors. On the other
hand, canines had the thickest palatal/lingual cortical bone,
followed by central incisors. These results are consistent
with a study by Porto OCL et al. (23), where the authors
noted that the palatal aspects of the canines and central
incisors of the maxilla and mandible presented the highest
mean values of bone thickness, while the buccal cortical
bone of the maxillary and mandibular teeth, particularly in
the anterior canines, central incisors, first premolars, and
first molars, had the lowest mean values. Similarly, Farmosa

] et al. (24), measured the thickness of the mandibular
alveolar bone and found that the mandibular canines had
thinner buccal alveolar bone. Vakil JK et al. (25), Park J et
al. (26), and Miyamoto I et al. (10) reported similar results.
Furthermore, in a study using cadavers that sought to
estimate the average thickness of cortical bone at various
tooth locations revealed that both maxilla and mandible
presented higher palatal/lingual cortical bone thickness as
compared to buccal cortical thickness (27). Braut V et al.
(28), also highlighted that the measurement of lingual bone
width was significantly greater than that of buccal bone
width, which may be one of the main causes of the minimal
resorption that occurs on the lingual aspects following
tooth extraction.

In this study, we noticed a notable increase in thickness of
bone on the buccal and palatal/lingual sides from the crest
to the apex, which aligned with a similar study by Kolte AP
et al. (29), where the bone thickness at the dentate sites
showed a consistent rise from crest towards apex on buccal
and lingual aspects in female and male patients. Also, the
authors demonstrated that there was statistical significance
in the bone width at various levels on the buccal and palatal/
lingual aspects, which is in accordance with the present
study findings. Braut V et al. (28), also reported thicker and
pronounced lingual inclinations of the alveolar process
which exhibited a consistent increase from marginal bone
level to the apical level.

The current study also showed that males had statistically
significant differences in mean buccal and palatal/lingual
bone thickness at each level, with the differences being
larger than those of females. Additionally, the thickness
of the buccal and palatal/lingual bones was significantly
correlated with gender. Kim HJ et al. (30), evaluated the
cortical bone thickness with respect to gender and reported

Maxillary Buccal Side
Measured areas 13 12 11 21 22 23

Male Female Male Female Male Female Male Female Male Female Male Female
Atcrest 0.61+£0.12 0.51+0.13 0.90+0.36 0.70+0.30 0.70+0.30 0.68%+0.11 0.84+0.36 0.7+0.2 0.9+0.37 0.8+0.1 0.5+0.26 0.1+0.30
At middle third 091012 |0.72+0.29 |120£010 |0.90+0.20 |110+0.30 |0.80+0.20 |1.3+0.3 0.94%0.3 166+0.55 |157+0.08 |0.8+0.2 0.60.09
Atapex 1.563+0.95 1.32+£0.10 1.7£0.5 1.5+0.2 1.61£0.4 1.4+0.1 1.6+£0.9 1.4+0.8 1.7+0.1 1.64+0.09 1.4+0.5 1.14+0.06
Maxillary Palatal Side
Measured areas 13 12 11 21 22 23

Male Female Male Female Male Female Male Female Male Female Male Female
At crest 1.9+0.4 0.6£0.2 1.0£0.3 0.63%+0.15 1.7+0.41 1.3£0.9 1.5+£0.99 1.01+0.9 1.08+0.76 0.8£0.02 1.6+£0.3 1.2+0.31
At middle third 2.9+0.8 27+0.2 21+1.0 205%1.02 | 24%101 21+0.6 2.2+1.06 22+0.7 21+0.7 2.0+0.01 2.8+0.3 25+0.2
Atapex 4.0%1.2 3.9+11 3.8411.04 3.0£1.04 3.910.2 3.8410.94 3.7+14 3.6+£0.06 3.41£1.95 2.41+0.95 4.1+0.8 39114
Mandibular Buccal Side
Measured areas 43 42 41 31 32 33

Male Female Male Female Male Female Male Female Male Female Male Female
At crest 0.42+0.15 0.23+0.01 0.71+0.2 0.62+0.21 0.36+0.11 0.27+0.01 0.52+0.04 | 0.33+0.09 0.67+0.25 0.61+0.30 0.34+0.10 0.29+0.55
At middle third 0.84+0.21 0.71+0.12 0.95+0.19 0.8+0.21 0.9+0.18 0.78+0.14 0.67+0.2 0.65+0.04 0.68+0.16 0.66+0.12 0.63+0.18 0.64+0.03
Atapex 1.6+£0.04 1.05+0.12 1.7+0.21 1.6+0.17 1.67+0.18 1.5+0.01 1.3+0.5 1.29+0.2 1.4+0.85 1.3+0.50 1.31+£0.20 117+£0.33
Mandibular Lingual Side
Measured areas 43 42 41 31 32 33

Male Female Male Female Male Female Male Female Male Female Male Female
Atcrest 1.6+0.2 1.0+£0.13 0.9+0.2 0.7+0.1 1.07+0.14 0.8+0.01 0.98+0.11 0.62+0.31 0.7610.01 0.5+£0.01 1.31+£0.68 111+0.2
At middle third 21%0.40 17402 1.7+0.21 1.2+0.2 1.90.5 1.6%0.16 1.01£016 | 0.9+0.2 0.9+0.05 0.8+0.2 2174004 | 2.03+0.01
Atapex 2.97+0.81 21105 2.610.21 1.8+0.4 2.9+0.01 1.9+0.15 21102 1.8+0.1 1.97+0.02 1.5£1.01 3.04£1.01 2.86+1.21

Tab. 2 Comparison of cortical bone thickness in maxillary and mandibular anterior teeth among males and females
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that in maxilla and mandible, males exhibited significantly
higher buccal, lingual and palatal cortical thickness than
females. Furthermore, Abbas SA et al. (31), demonstrated
that in both jaws, the cortical bone thickness in males
was significantly higher than in females at 4, 6, and 8 mm
from crest and also reported that gender was significantly
associated with cortical bone thickness. Ono A et al. (32),
and Goyushov S et al. (33), reported findings that were
comparable. Collectively, the present study suggests that
thickness of cortical bone varies with respect to location
of teeth and gender. Nonetheless, a couple of limitations
in the present investigation should be taken into account
when evaluating the data's clinical significance. Firstly,
even though CBCT is a widely used imaging technique in
dental and maxillofacial radiology due to its high-resolution
3D imaging capabilities and lower radiation dose, the spatial
resolution of CBCT is determined by the voxel size, which
might not always be sufficient for accurately measuring very
thin cortical bone (34). Thus, it's possible that the alveolar
bone thickness was underestimated in the current study.
Also, in the current study, patients of varying age ranges
were enrolled and were not evenly distributed and divided
into groups. Future research examining the variations
in alveolar bone thickness across diverse populations,
age groups and treatment response patterns on different
alveolar bone thickness would therefore be extremely
important from a clinical standpoint.

CONCLUSION

With regard to the maxillary and mandibular anterior teeth,

the current CBCT analysis indicates that,

(a) Canines had the thinnest buccal cortical bone, followed
by central incisors. On the other hand, canines had
the thickest palatal/lingual cortical bone, followed by
central incisors.

(b) Compared to the buccal bone, the palatal/lingual bone
thickness was noticeably greater.

(c) Thickness of the bone on buccal and palatal/lingual
sides increased significantly from crest to apex.

(d) Men exhibited a statistically significant difference in the
mean thickness of their buccal and palatal/lingual bones
at each level compared to women.
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