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Abstract Objectives The aims of this study were to evaluate posterior maxillary alveolar bone
dimensions and to compare these dimensions in males and females.
Materials and Methods The sample consisted of 102 cone beam computed tomog-
raphy (CBCT) images for 62male patients (mean age 29.92� 9.04 years) and 40 female
patients (mean age 29.70�9.54 years). Four distances and three densities were
measured; a multivariate analysis of variance and Mann–Whitney’s U test were applied
to compare the differences between sexes.
Results For the first maxillary molar, there were significant differences between
males and females in terms of coronal width (13.95�1.31 and 13.22�1.159mm,
respectively) and middle width (14.28� 1.43 and 13.57� 1.478mm, respectively).
However, no significant difference was found regarding height (7.93� 3.8mm for
both) or apical width (14.68�2mm for both). Regarding the second maxillary molar,
significant differences between males and females were found in terms of coronal
width (14.66�1.63 and 13.54�1.512mm, respectively), middle width
(14.35�1.825 and 13.25� 1.52mm, respectively), and height (7.29�3.00 and
8.66�3.16mm, respectively), whereas the gender dimorphism regarding apical width
had borderline significance (14.09�1.731mm; p¼0.048). No significant differences
were found regarding density.
Conclusion The minimum average alveolar bone height for the second maxillary
molar region was 7.29� 30mm with significant gender dimorphism. Therefore, CBCT
scans should be recommended prior to immediate implant placement.
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Introduction

Immediate implant placement refers to the placement of a
dental implant immediately after the extraction of a tooth
without the need for a healing period. This treatment option
has gained popularity due to its high survival rate.1,2 Imme-
diate implant placement offers numerous advantages, in-
cluding a reduction in the number of surgical procedures and
treatment time. It also helps counteract the dimensional
changes that occur in the socket after tooth extraction.1,3

At the timeof tooth extraction, the reparative process starts
in the alveolar bone. Within 4 weeks after extraction, the
socket will be filled with woven bone.4 After that, this imma-
turebonewill be replacedwithmaturebonewithin2months.4

However, during this process of remodelingandbecause of the
lack of surrounding ligaments, the height of the buccal bone
may undergo marked resorption.5 In addition, during the
process of bonehealing, thebonewidth becomes diminished.6

A systematic review showed that between 2.6 and 4.6mm of
the width of the bone becomes resorbed.7 Moreover, a reduc-
tion ranging between 0.4 and 3.9mm was observed in the
height of the alveolar bone during healing after tooth extrac-
tion.7 Furthermore, a prospective clinical trial demonstrated
that during a 12-month follow-up after tooth extraction from
the molar and premolar area, the width of the alveolar ridge
was reduced by 50% (5–7mm).8

Immediate implant placement in molar extraction sockets
may result in a high survival rate and minimal marginal bone
loss.2 However, immediate implant placement involves spe-
cific prerequisites. Success in this procedure relies on having
optimal extraction socket conditions and a deep understand-
ing of the local anatomy.9 Moreover, sufficient bone quality
and quantity are crucial for the viability of immediate implant
placement as a treatment option.10,11 A previous study
showed that compared with the mandible, which contains
dense alveolar cortical bone, the maxillary bone has a lower
bone density. Specifically, the posterior maxilla has the lowest
bonedensityafter the tuberosity.12 Inaddition, thepresenceof
the maxillary sinus in the posterior maxillary region might
limit the vertical height of the posterior maxilla.13 Therefore,
sinus floor elevation with or without a bone graft might be
needed for immediate implant placement.14,15

Several clinical studies measured alveolar and palatal bone
thickness on cone beam computed tomography (CBCT)
images.16–19 A study measured anterior maxillary bone thick-
ness and crestal bone height in the Saudi population using CBCT
and found that males have greater facial bone thickness.18

However, to our knowledge, no study has been conducted that
measures the height, width, and quality of posterior maxillary
alveolar bones in Saudi Arabia. Therefore, this retrospective
studyaimed to assess theheight,width, and density of posterior
maxillary bones in Saudi adults’ molar dentulous areas using
CBCT and compare these dimensions in males and females.

Materials and Methods

This retrospective study was approved by the internal
review board KFU-REC-2021-DEC-EA000322. The sample

size was calculated using G�Power version 3.1.9 (Hein-
rich-Heine-Universität Düsseldorf, Düsseldorf, Germany);
for an effect size of 0.75mm, α¼0.05, and β¼0.9, the total
sample size was 92. The sample consisted of the CBCT
records of 102 patients randomly selected from a pool of
patients who visited the dental clinic’s complex at King
Faisal University, Al-Ahsa, Saudi Arabia, between 2018 and
2022. The sample was divided into a male group consisting
of 62 patients with a mean age of 29.92�9.04 years and a
female group consisting of 40 patients with a mean age of
29.70�9.54 years.

The inclusion criteria were age ranging between 18 and
60 years and the presence of all permanent posterior teeth
except the third molars on each side, with no or minimal
bone loss. The exclusion criteria were the presence of any of
the following: a molar with root canal treatment, a supra-
eruption, fused roots, or a periapical lesion.

CBCT imageswere capturedwith I-CT Vision QTMVersion
1.9.3.14. (Imaging Sciences International, Hatfield, Pennsyl-
vania, United States). The field of view was 130�160mm
with a voxel size of 0.25mm, 120 kV, and 5mA, with an
exposure time of 2 to 7 seconds. The three-dimensional
reconstruction and measurement of CBCT images were
performed using BlueSkyPlan (Version 4.7.55, GmbH, Lan-
genhagen, Germany).

Variable Measurement
On the coronal view of the multiplanar reformation, seven
variables (four distances and three densities) were mea-
sured at the central slice of each molar. The vertical height
of the alveolar process was measured from the furcation
area to the floor of the sinus. The horizontal width of the
alveolar process was measured at the furcation area, at the
floor of the sinus, and at the midway between both lines.
The alveolar bone density was measured in the Hounsfield
unit (HU) at the center of each horizontal line (►Fig. 1).
Ten cases were randomly selected for remeasurement
1 month after the first measurement for reliability assess-
ment. The data were assisted using an intraclass correla-
tion coefficient (ICC), and each variable showed good
reliability (ICC>0.8)

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statis-
tics for Mac, version 28 (IBM Corp., Armonk, New York,
United States). Shapiro–Wilk’s test was applied to ensure
the normality of the variables. The right and left sides
were compared using a paired sample t-test. Since there
were no significant differences between the sides, the
cases were combined for further analysis to assess the
differences according to gender using multivariate analy-
sis of variance (MANOVA). Density variables were not
following the normal distribution; therefore, Mann–
Whitney’s U test was applied to assess the gender dimor-
phism in alveolar bone density. The level of significance
was set at p<0.05. Bonferroni correction for multiple
corrections was applied when required and set at
p<0.008.
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Results

Width and Height of Alveolar Bone at First Maxillary
Molar Region
In all CBCT scans examined, the total number of first molar
was 178 teeth with 105 (59%) of them for males and 73 (41%)
for females. Regarding width measurements, the widest was
the apical width at 14.68�2.0mm followed by the middle
width at 13.99�1.5mm, and the smallest was the coronal

width at 13.65�1.3mm. The overall measurement of height
was 7.93�3.8mm, with more bone height in females
(8.59�3.5mm) compared with males (7.74�3.9mm).
MANOVA test showed that there was a significant difference
in coronal (p<0.001) andmiddle (p¼0.002)widths between
males and females. However, there were no significant
differences in the apical width and the bone height
(►Table 1).

Width and Height of Alveolar Bone at Second
Maxillary Molar Region
Concerning the second molar, the overall number of teeth
was 158 with 97 (61%) for males and 61 (39%) for females. In
general, the alveolar bone height was 7.82�3.1mm, which
was found to be greater in females (8.66�3.16mm) than in
males (7.29�3.00mm). According to the widths of the bone
at the second molar, the greatest was the coronal width at
14.22�1.67mm followed by the apical width at
14.09�1.73mm, and the smallest was the middle width
at 13.93�1.79mm. Generally, a comparison between gen-
ders using MANOVA showed that males had greater coronal
and middle widths than females (p<0.001); however,
females had greater bone height than males (p¼0.007)
(►Table 1).

The Density of Alveolar Bone at First Maxillary Molar
Region
The overall bone density at the first molar region ranged
between 218.53�146.56 and 449.76�154.79 HU. Regard-
ing gender, coronal region density was 405.37�144.69 HU
in males and 449.76�154.79 HU in females. Middle region
density was 218.53�146.56 HU in males and
245.24�180.62 HU in females. In addition, apical region
density was 274.94�169.50 HU in males and
331.85�148.50 HU in females. Mann–Whitney’s U test
showed no significant differences in coronal, middle, and
apical densities according to gender (►Table 2).

Fig. 1 Linear measurements and density of posterior maxillary bone.
ab, coronal width at the crest of interradicular bone; cd, middle
width at midpoint between floor of maxillary sinus and the crest of
interradicular bone; ef, apical width at the floor of maxillary sinus;
A, midpoint of ab line, at which coronal density was recorded; B,
midpoint of cd line, at which middle density was recorded; C,
midpoint of ef line, at which apical density was recorded.

Table 1 Comparison of alveolar bone widths and height at posterior maxillary region between genders

Male Female p-Value

Mean SD Mean SD

First molar

Coronal width 13.95 1.31 13.22 1.15 <0.001

Middle width 14.28 1.43 13.57 1.47 0.002

Apical width 14.51 1.91 14.93 2.05 0.168

Height 7.47 3.97 8.59 3.52 0.055

Second molar

Coronal width 14.66 1.63 13.54 1.51 <0.001

Middle width 14.35 1.82 13.25 1.52 <0.001

Apical width 14.31 1.60 13.75 1.87 0.048

Height 7.29 3.00 8.66 3.16 0.007

Abbreviation: SD, standard deviation.
Note: Multivariate analysis of variance. Significance level was set at p< 0.05.
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The Density of Alveolar Bone at the Second Maxillary
Molar Region
According to the density at the second maxillary molar
region, the bone density ranged between 222.53�141.56
and 454.64�193.91 HU. Regarding gender, the coronal
region density was 398.03�168.80 HU in males and
454.64�193.91 HU in females. The middle region density
was 222.53�141.56 HU in males and 238.43�165.32 HU in
females. Apical region density was 256.84�158.99 HU in
males and 268.70�182.50 HU in females. Mann–Whitney’s
U test showed no significant differences in coronal, middle,
and apical densities according to gender (►Table 2).

Discussion

The growing preference for immediate implants among
clinicians is driven by patients’ desire for shorter rehabilita-
tion periods. Additionally, immediate implant placement can
mitigate the sequence of adaptive changes in both the
horizontal and vertical dimensions of the alveolar bone
and surrounding soft tissue following extraction.20 This
contributes to the preservation of socket integrity.20 In light
of this context, themain objective of the present studywas to
measure and evaluate the posterior maxillary alveolar bone
width, height, and density specifically within the dentulous
region of thefirst and secondmolars in bothmale and female
patients who exhibited normal alveolar bone conditions.

Immediate implant placement in the posterior area of the
maxilla presents unique challenges due to the presence of
complex anatomical structures such as the maxillary sinus,
socket width, multiple roots, and the risk of socket wall
damage.21 Additionally, the maxilla predominantly consists
of spongy bone, making it the least dense bone composition
and more challenging for immediate implant placement.21

The measurement of alveolar bone height plays a crucial
role in attaining primary stability.22 However, the presence
of a maxillary sinus might limit the bone height in the
posterior maxillary alveolar bone. Mustakim et al classified
that alveolar bone height measurement more than 8.0mm
provides sufficient vertical space to accommodate the im-

plant without requiring sinus lifting.22 Generally, when the
alveolar bone height measures less than 6.0mm, sinus lifting
becomes mandatory.22

In the present study, the bone height at first molar was
7.47�3.97mm inmales and 8.59�3.52mm in females with
no significant difference in dentulous patients. Similarly,
Choi et al found the bone height at first molar was
5.38�3.00mm in males and 5.55�3.04mm in females
with no significant gender dimorphism.23 In addition, in
our study, the alveolar bone height at the second molar was
7.29�3.00mm in males and 8.66�3.166mm in females
with a significant difference. Likewise, Choi et al revealed
that females had a significantly greater alveolar bone height
than males at the second molar region. Despite this agree-
ment with our results in the trend of the differences between
genders, the differences in the height between the two
studies might be due to ethnicity.23 Meanwhile, Demirkol
andDemirkol found the height of posteriormaxillary bone in
the dentate region to be 9.40�4.24mm. This difference from
our results might be due to the different methodology
applied and the ethnic group of the sample.24

In our result, the coronal width of the alveolar bone at the
first molar regionwas 13.65�1.30mm. Similarly, Cho et al25

showed that this width was 12.38mm at the first molar
region in a South Korean population.

After tooth extraction, alveolar bone loss is expected. This
was presented in the study of De Elío Oliveros et al26 that
assessed the dimensions of the posterior maxillary edentu-
lous region. They found the apical width to be
11.05�2.75mm, middle width 9.04�1.77mm, and coronal
width 7.32�1.65mmwhich agreeswith a systematic review
by Stumbras et al.27 Compared with our study results, these
widths are considerably smaller than those in our study, and
this was because their measurements were performed on
edentulous bone, whereas our sample was dentulous alveo-
lar bone.

Additionally, CBCT images can be used to measure the
bone volume and to quantitatively assess alveolar bone
quality.28 Nevertheless, the density of the bone plays a
crucial role in immediate implant placement as it directly

Table 2 Comparison of alveolar bone density at posterior maxillary region between genders

Male Female p-Value

Mean SD Mean SD

First molar

Coronal density 405.37 144.69 449.76 154.79 0.217

Middle density 218.53 146.56 245.24 180.62 0.370

Apical density 274.94 169.50 331.85 148.50 0.021

Second molar

Coronal density 398.03 168.80 454.64 193.91 0.226

Middle density 222.53 141.56 238.43 165.32 0.657

Apical density 256.84 158.99 268.70 182.50 0.122

Abbreviation: SD, standard deviation.
Note: Mann–-Whitney’s U test. Bonferroni correction for multiple comparison. Significance level was set at p< 0.008.
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contributes to enhancing the primary stability of the
implant.29

Considering the bone density, Misch30 classified five
categories as follows: D1 bone had density >1,250 HU; D2,
850 to 1,250 HU; D3, 350 to 850 HU; D4, 150 to 350; and D5,
<150 HU. In our results, the bone densities at the posterior
maxillary alveolar bone ranged between 218.53 and 454.64
HU which falls between D4 (150–350 HU) and D3 (350–850
HU). Morar et al also found that the first maxillary molar
positioned 2mm from the alveolar crest exhibited a similar
average value of 557.45�275.61 HU in alveolar bone densi-
ty.31 Thisfinding alignswith our results, particularly in terms
of the coronal density of thefirst maxillarymolar, whichwas
405.37�144.69 HU in males and 449.76�154.79 HU in
females.

To our knowledge, this is the first study to measure the
posterior maxillary alveolar bone quality and quantity in
Saudi Arabia. However, this study might have been con-
ducted on a limited sample size and geographical area.
Future studies for measuring the bone quality and quantity
in adult patients in the region are recommended for treat-
ment planning of immediate implant placement. According
to the results of this study, the average bone height had a
relatively large standard deviation (3.9) suggesting a wide
range of bone heights among the groups. Interestingly, most
of these heights were lesser than the recommended bone
height for placement of immediate implants. Because of
that, CBCT scans might be essential before immediate
implant placement for each patient for case-by-case
assessment.

Conclusion

In the current study, the minimum average alveolar
bone height at the second maxillary molar region was
7.29�30mm with significant gender dimorphism. In addi-
tion, the minimum average alveolar bone density at the first
maxillary molar region was 218.53 HU (D4) with no signifi-
cant gender dimorphism. The anatomical information pro-
vided for the posterior maxillary alveolar bone region can be
helpful for clinicians during treatment planning of immedi-
ate implant. CBCT radiographmight be recommended before
immediate implant placement.
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