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Age-Related Regional
Variations in Maxillofacial
Bone Density Using Computed
Tomography-Derived
Hounsfield Units

Abstract

Background:

Assessment of maxillofacial bone density is essential for implant
placement, orthodontic temporary anchorage device (TAD)
stability, and reconstructive surgery. However, evidence
regarding age-related regional variations remains limited.
Therefore, this study evaluated age-related changes in
maxillofacial bone density using computed tomography (CT)-
derived Hounsfield Units (HU) and their clinical implications.
Materials and Methods:

A prospective cross-sectional study included 80 healthy
participants equally distributed into four age groups (10-20, 21—
40, 41-60, and >60 years) with equal sex representation. HU
values were measured from ten standardized maxillofacial
regions on multidetector CT images. Statistical analysis included
one-way ANOVA, Tukey's post hoc test, and independent-
samples t-test to compare HU values between sexes (p < 0.05).
Results: Bone density differed significantly among age groups
across all regions (p < 0.001). Peak HU values occurred in the
21-40-year group and declined progressively with age. The
posterior maxilla showed the greatest reduction (Mean HU
decrease from 682.2+67.6 to 254.0£77.4), whereas the
pterygomaxillary junction, pterygoid process, and zygomatic
bone (Mean HU decrease from 1194.5+£75.3 to 853.5+84.1)
retained comparatively higher HU values.

Conclusion:

Maxillofacial bone density declines with age in a region-specific
manner. Preservation of bone density within the
pterygomaxillary junction, pterygoid process, and zygomatic
bone supports their use as favorable anchorage sites for
implantology, orthodontic TAD placement, and maxillofacial
reconstructive surgery.
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1. INTRODUCTION

Successful rehabilitation of the maxillofacial skeleton
relies heavily on an accurate assessment of bone quality.
Bone density is one of the principal determinants of
primary implant stability, osseointegration, orthodontic
temporary anchorage device (TAD) stability, and the
long-term success of reconstructive procedures [1,2].
While bone quantity has traditionally received
considerable attention during treatment planning,
increasing evidence suggests that bone density is equally
critical in predicting biomechanical performance and
clinical outcomes. Computed tomography (CT) is the
commonly used reference imaging modality for
quantitative evaluation of bone mineralization because it
provides standardized attenuation values expressed as
Hounsfield Units (HU) [3]. Unlike subjective
intraoperative assessment or conventional radiography,
HU measurements offer an objective and reproducible
estimate of mineralized tissue density, enabling clinicians
to evaluate regional variations in cortical and trabecular
bone before surgical intervention [4]. The use of HU-
based assessment has therefore become increasingly
important in implant dentistry, orthognathic surgery,
craniofacial reconstruction, and orthodontic anchorage
planning [5].

Bone density within the maxillofacial skeleton is not
uniform. Considerable anatomical variations exist
between the maxilla and mandible, anterior and posterior
regions, and cortical and cancellous compartments.
Furthermore, specialized skeletal regions such as the hard
palate, zygomatic bone, and pterygoid process exhibit
distinct structural characteristics that influence their
suitability for implant placement, skeletal anchorage, and
bone graft harvesting. These regional differences are
primarily governed by functional loading, cortical
thickness, trabecular architecture, and patterns of skeletal
remodeling [6,7]. Age is another major determinant of
bone quality. Progressive alterations in bone remodeling,
hormonal status, vascularity, and mineral metabolism lead
to changes in cortical thickness and trabecular
microarchitecture throughout life. Although generalized
skeletal bone loss associated with ageing has been
extensively documented, the pattern of age-related
density changes within different maxillofacial regions
remains incompletely understood [8]. The rate and
magnitude of these changes may differ substantially
among anatomical sites because of differences in
embryological origin, functional loading, masticatory
forces, and local remodeling dynamics. In addition, sex-
specific variations associated with hormonal changes,
particularly following menopause, may further influence
regional bone density.

Several studies have investigated bone density at
prospective implant recipient sites using CT-derived
Hounsfield Units and have demonstrated that denser bone
is generally associated with improved primary implant
stability and more predictable osseointegration [9,10].
Likewise, orthodontic investigations have highlighted the
importance of adequate cortical and trabecular bone
density for achieving stable temporary anchorage device
fixation [11]. However, most previous studies have
focused on isolated anatomical regions, predominantly
the alveolar process, or specific implant sites.
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Comprehensive evaluation of multiple maxillofacial
skeletal regions, including the maxilla, mandible, hard
palate, zygomatic bone, and pterygomaxillary complex,
across different age groups remains scarce. Moreover,
comparative analyses incorporating both age- and sex-
related variations using standardized CT protocols are
limited.

A detailed understanding of age-dependent changes in
bone density across these clinically important anatomical
regions could substantially improve patient-specific
treatment planning. Such information would aid clinicians
in selecting optimal implant sites, predicting primary
implant stability, determining suitable locations for
temporary anchorage devices, identifying alternative
anchorage regions such as the zygomatic and pterygoid
bones in severely resorbed jaws, and selecting appropriate
donor sites for reconstructive procedures. Quantitative
bone density mapping may also facilitate risk
stratification and individualized surgical planning in
elderly patients who exhibit varying degrees of
maxillofacial bone remodeling [12,13].

Therefore, the present prospective cross-sectional study
aimed to quantitatively evaluate Hounsfield Unit
variations across multiple maxillofacial skeletal regions,
including the anterior and posterior maxilla, anterior and
posterior mandible, anterior and posterior hard palate,
pterygomaxillary junction, pterygoid process, zygomatic
body, and zygomatic arch, among adolescents, young
adults, middle-aged adults, and elderly adults using
multidetector computed tomography. In addition, sex-
related differences in regional bone density were
investigated to provide clinically relevant evidence for
implantology, orthodontic skeletal anchorage, and
maxillofacial reconstructive surgery.

2. MATERIALS AND METHODS

2.1 Study Design and Ethical Considerations

This prospective cross-sectional observational study was
conducted in the Department of Oral Medicine and
Radiology, Government Dental College and Hospital,
Kadapa, Andhra Pradesh, India, over a period of two
months from January 2025 to February 2025. The study
was designed to quantitatively evaluate age- and sex-
related variations in maxillofacial bone density by
measuring Hounsfield Unit (HU) values in multiple
clinically relevant skeletal regions using multidetector
computed tomography (MDCT). The study protocol was
reviewed and approved by the Institutional Ethics
Committee of Government Dental College and Hospital,
Kadapa (Protocol No. Pr. 104/IEC/GDCH/2025-26)
following prior scientific approval by the Institutional
Scientific Committee (Scientific Committee Ref. No.
504/UA1/GDCH/2025-2026). Ethical clearance was
granted under Protocol No. 104/UA1/GDCH/KDP-25.
The investigation was conducted in accordance with the
ethical principles of the Declaration of Helsinki (2013)
and the Indian Council of Medical Research (ICMR)
National Ethical Guidelines for Biomedical and Health
Research involving Human Participants. Written
informed consent was obtained from all adult participants
before CT acquisition. For participants younger than 18
years of age, written informed consent was obtained from
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parents or legal guardians along with assent from the
participant ~ whenever  appropriate. To  maintain
confidentiality, all patient identifiers were removed before
image analysis, and anonymized datasets were used
throughout the study.

2.2 Study Population

The study included 80 consecutive patients who
underwent maxillofacial CT examination for various
diagnostic indications unrelated to osseous pathology
affecting the regions of interest. Participants were
prospectively recruited after fulfilling the predefined
eligibility criteria. To investigate physiological age-
related changes in maxillofacial bone density, the study
population was equally stratified into four age groups
consisting of adolescents (10-20 years), young adults
(2140 years), middle-aged adults (41-60 years), and
elderly adults (>60 years). Each group comprised 20
participants with an equal distribution of males and
females, thereby maintaining a 1:1 sex ratio and
minimizing gender-related sampling bias. This age
stratification was selected to represent different stages of
skeletal growth, peak bone maturation, age-associated
remodeling, and physiological skeletal senescence. By
maintaining equal representation across both age and sex
categories, the study aimed to generate a comprehensive
assessment of regional bone density changes throughout
adult life.

Participants were included only if they possessed
complete dentition within the region of interest and
demonstrated high-quality CT images suitable for
quantitative analysis. Individuals undergoing CT imaging
for conditions such as sinusitis, headache, trigeminal
neuralgia, or benign soft-tissue lesions without osseous
involvement were considered eligible because these
conditions do not significantly influence the intrinsic
density of the maxillofacial skeleton. Patients with
uncontrolled  systemic  diseases affecting bone
metabolism, including  diabetes  mellitus  and
hypertension, previous facial trauma, orthognathic
surgery, bone grafting procedures, metabolic bone
disorders, history of head and neck radiotherapy, long-
term medications known to influence skeletal remodeling,
extensive periodontal destruction, odontogenic cysts,
benign or malignant tumors involving the jaws,
completely edentulous arches, or CT scans affected by
severe motion or metallic artifacts were excluded to
eliminate confounding factors that could influence
Hounsfield Unit measurements.

2.3 CT Image Acquisition Protocol

All examinations were performed using a 64-slice
Siemens Multislice Computed Tomography scanner
following a standardized imaging protocol for every
participant. The scans were acquired using a tube voltage
of 120 kVp and a tube current of 200 mA with a slice
thickness of 0.5 mm while ensuring complete coverage of
the maxillofacial skeleton within the field of view.

ejprd.org - Published by Riset Publishing Services LLC

Participants were positioned according to the
manufacturer's recommendations with the Frankfort
horizontal plane maintained parallel to the floor and
instructed to maintain maximum intercuspation
throughout image acquisition. Every effort was made to
minimize patient movement to prevent motion artifacts
that could influence attenuation measurements. Image
reconstruction  was  performed wusing identical
reconstruction parameters for all scans to ensure
consistency in voxel attenuation values and facilitate
accurate  comparison among  participants.  All
reconstructed images were evaluated on the dedicated
Siemens workstation under standardized display settings
throughout the study.
2.4 Image Analysis of Interest
Standardization

Image analysis was performed using the proprietary
Siemens image analysis software by calibrated oral and
maxillofacial  radiologists  experienced in CT
interpretation. Bone density was quantified by measuring
Hounsfield Unit values within standardized square
regions of interest (ROI) measuring 3 mm x 3 mm.
Careful attention was paid to ROI placement to ensure
reproducibility and avoid inclusion of anatomical
structures that could artificially influence attenuation
values. For trabecular bone assessment, the ROI was
positioned centrally within cancellous bone while
avoiding adjacent tooth roots, periodontal ligament
spaces, cortical boundaries, maxillary sinus cavities, nasal
cavities, neurovascular canals, and image artifacts. When
cortical bone evaluation was required, the ROI was
positioned entirely within the cortical plate without
extending into adjacent cancellous bone. The same
anatomical landmarks and measurement protocol were
applied uniformly to all participants, thereby minimizing
observer variability and ensuring standardization across
the study population.

Bone density measurements were obtained from ten
anatomically important maxillofacial regions that are
frequently utilized in implant dentistry, orthodontic
skeletal anchorage, and reconstructive surgery. The
anterior maxilla was evaluated in the incisor-canine
region, whereas the posterior maxilla was assessed in the
premolar-molar region. Measurements were obtained
from axial images at the mid-root level, while sagittal
reconstructions were used to evaluate anteroposterior
bone density gradients and coronal sections were
examined to assess cortical and trabecular bone
characteristics while considering the influence of
maxillary sinus pneumatization (Figure 1). The anterior
and posterior mandible were evaluated in a similar
manner using axial sections at the mid-root level,
supplemented by sagittal and coronal reconstructions to
comprehensively assess regional density distribution and
cortical architecture (Figure 2).

and Region
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4 | N 1
Fig 1. Representative axial, sagittal, and coronal multidetector CT images demonstrating standardized region-of-
interest placement for Hounsfield Unit measurements in the anterior and posterior maxillary regions.

09 px)

Fig 2. Representative multidetector CT images demonstrating standardized ROI placement for Hounsfield Unit
(HU) measurements in the mandibular anterior and posterior regions.

The hard palate was evaluated by measuring Hounsfield Unit values within the anterior palatal region adjacent to the
incisive foramen and the posterior hard palate adjacent to the molar region (Figure 3).

6 px)

Fig 3. Representative axial and coronal multidetector CT images illustrating standardized>region-of-interest
placement for Hounsfield Unit measurements in the anterior and posterior hard palate.

Coronal images were additionally examined to evaluate palatal cortical thickness and ensure accurate ROI placement.
The pterygomaxillary region was assessed by measuring the pterygomaxillary junction and the pterygoid process of the
sphenoid bone using both axial and coronal reconstructions because these regions serve as important anchorage sites for
pterygoid implants in patients with severe posterior maxillary atrophy (Figure 4).

px

Fig 4. Representative multidetector CT images demonstrating standardized region-of-interest placement for
Hounsfield Unit measurements in the pterygomaxillary junction and pterygoid process.
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Similarly, the zygomatic body and zygomatic arch were evaluated using standardized axial and coronal sections owing to
their increasing role as alternative implant anchorage sites in complex maxillofacial rehabilitation (Figure 5).

r
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Area=0.09326 cm? (99 px)

Fig 5. Representative multidetector CT images demonstrating standardized region-of-interest placement for
Hounsfield Unit measurements in the zygomatic body and zygomatic arch.

2.5 Bone Density Classification

The measured Hounsfield Unit values were interpreted
according to the Misch bone density classification, which
categorizes bone quality into clinically meaningful groups
based on CT attenuation values. According to this
classification, bone with attenuation values exceeding
1250 HU was categorized as D1 bone, values ranging
from 850 to 1250 HU as D2 bone, values between 350 and
850 HU as D3 bone, values between 150 and 350 HU as
D4 bone, and values below 150 HU as D5 bone. This
widely accepted classification provides a practical
framework for predicting primary implant stability,
evaluating the suitability of temporary anchorage device
placement, and planning reconstructive surgical
procedures.  Categorization according to Misch
classification also enabled comparison of anatomical
regions with respect to their expected biomechanical
performance and potential clinical applications.

2.6 Statistical Analysis

All collected data were entered into Microsoft Excel and
subsequently analyzed using IBM Statistical Package for
the Social Sciences (SPSS) software version 27.0 (IBM
Corp., Armonk, NY, USA). Continuous variables were
expressed as mean = standard deviation (SD). The
normality of data distribution was assessed using the
Shapiro—Wilk test before inferential statistical analysis.
Differences in mean Hounsfield Unit (HU) values among
the four age groups were evaluated using one-way
analysis of variance (ANOVA) for each anatomical
region. Whenever a statistically significant overall
difference was identified, Tukey's Honestly Significant
Difference (HSD) post hoc test was performed to
determine pairwise differences between age groups.
Independent-samples t-test was used to compare mean
HU values between male and female participants for each
anatomical region. All statistical tests were two-tailed,
and a p value of less than 0.05 was considered statistically
significant.

ejprd.org - Published by Riset Publishing Services LLC

3. RESULTS

3.1 Demographic Characteristics

The study included 80 participants divided equally into
four age groups: 10-20 years, 21-40 years, 41-60 years,
and >61 years. Each age group comprised 20 participants,
including 10 males and 10 females. Overall, the sample
consisted of 40 males and 40 females, ensuring an equal
sex distribution across all age categories.

3.2 Assessment of Data Normality

The normality of Hounsfield Unit measurements was
assessed using the Shapiro—Wilk test separately for each
anatomical region within each age group. Of the 40 age-
group—region distributions evaluated, 38 demonstrated no
statistically ~ significant departure from normality
(p>0.05). Significant departures from normality were
observed for posterior mandibular HU values in the 10—
20-year group (W=0.883, p=0.020) and the 21-40-year
group (W=0.839, p=0.004). Nevertheless, because the age
groups were equal in size and each contained 20
participants, one-way analysis of variance was retained as
the primary age-group comparison.

3.3 Age-Related Differences in Maxillofacial Bone
Density

The mean HU values for the ten anatomical regions
according to age group are presented in Table 1. Across
all anatomical sites, the highest mean bone-density values
were observed in participants aged 21-40 years. A
subsequent reduction was evident in the 41-60-year
group, followed by a more pronounced decline among
participants aged >61 years. In the 21-40-year group, the
highest mean density was recorded in the anterior palate
(1206.2+81.4 HU), followed by the zygomatic body
(1194.5£75.3 HU), anterior mandible (1161.0£109.2
HU), pterygomaxillary junction (1119.0£36.3 HU),
zygomatic arch (1118.0+£100.6 HU), and pterygoid
process (1079.0+36.3 HU). The posterior maxilla
consistently demonstrated relatively lower bone-density
values than most other maxillofacial regions. Among

Copyright ©2026 by Riset Publishing Services LLC.
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participants aged >61 years, the pterygomaxillary
junction retained the highest mean density (858.5+64.8
HU), followed by the zygomatic body (853.5+84.1 HU)
and pterygoid process (826.0+65.6 HU). The posterior

maxilla demonstrated the lowest mean value in this age
group (254.0+77.4 HU), indicating a marked age-
associated reduction in posterior maxillary bone density.
(Table 1)

Table 1. Mean Hounsfield Unit values according to age group

Anatomical region 10-20 years | 21-40 years | 41-60 years | >61 years
Anterior maxilla 657.5£52.7 | 832.2+38.9 575.5+42.4 | 394.0+60.4
Posterior maxilla 541.8+£69.2 682.2+67.6 454.0+66.5 254.0+£77.4
Anterior mandible 864.2+97.0 1161.0£109.2 | 891.5+100.5 | 624.5+107.4
Posterior mandible 791.0£129.4 | 1048.0+160.0 | 776.5+133.6 | 542.0+148.9
Anterior palate 947.8476.2 1206.2+81.4 | 891.5+66.5 | 664.5+91.4
Posterior palate 761.5+69.4 1076.2+123.8 | 731.5466.5 | 479.5£87.7
Pterygomaxillary 957.8+48.8 1119.0+£36.3 957.5+44.6 858.5+64.8
junction
Pterygoid process 922.5+52.0 1079.0+£36.3 926.0+41.7 826.0+£65.6
Zygomatic body 981.0+83.8 1194.5+£75.3 1011.5£59.4 | 853.5+84.1
Zygomatic arch 921.0+£79.3 1118.0£100.6 | 921.5+66.5 763.5£91.5

Values are expressed as meantstandard deviation in HU.

3.4 One-Way ANOVA for Age-Group Comparisons

One-way ANOVA demonstrated statistically significant
differences among the four age groups for every
anatomical region examined (all p<0.001). The strongest
age-group effect was observed in the anterior maxilla
(F=272.28), followed by the anterior palate (F=157.12),

posterior palate (F=148.38),
(F=130.17).  Statistically = significant  age-related
differences were also  demonstrated in  the
pterygomaxillary junction, anterior mandible, pterygoid
process, zygomatic body, zygomatic arch, and posterior
mandible (Table 2).

and posterior maxilla

Table 2. One-way ANOVA comparing Hounsfield Unit values among age groups
Anatomical region F statistic p value
Anterior maxilla 272.28 <0.001
Posterior maxilla 130.17 <0.001
Anterior mandible 89.66 <0.001
Posterior mandible 41.52 <0.001
Anterior palate 157.12 <0.001
Posterior palate 148.38 <0.001
Pterygomaxillary junction 94.09 <0.001
Pterygoid process 86.91 <0.001
Zygomatic body 67.96 <0.001
Zygomatic arch 57.73 <0.001

Degrees of freedom for all analyses were 3 and 76.

3.5 Tukey HSD Post Hoc Comparisons

Tukey HSD post hoc analysis demonstrated that the 21—
40-year group had significantly higher HU values than the
other three age groups across all ten anatomical regions.
Participants aged >61 years had significantly lower HU
values than the 10-20-, 21-40-, and 41-60-year groups at
every anatomical site. The comparison between the 10—

variation. Significant differences were observed in the
anterior maxilla and posterior maxilla, with the 10-20-
year group demonstrating higher density values. In
contrast, no significant differences between these two age
groups were found in the anterior mandible, posterior
mandible, anterior  palate, posterior  palate,
pterygomaxillary junction, pterygoid process, zygomatic

EJPRD

20-year and 41-60-year groups showed regional body, or zygomatic arch (Table 3).
Table 3. Summary of Tukey HSD pairwise age-group comparisons (Values represent Tukey-adjusted p values)
Anatomical 10-20 vs 21— | 10-20 vs 41— 10-20 vs 21-40 vs 41— | 2140 41-60
region 40 60 >61 60 vs 261 | vs >61
Anterior maxilla | <0.001 <0.001 <0.001 <0.001 <0.001 <0.00
1
Posterior maxilla | <0.001 0.001 <0.001 <0.001 <0.001 <0.00
1
Anterior <0.001 0.839 <0.001 <0.001 <0.001 <0.00
mandible 1
Posterior <0.001 0.989 <0.001 <0.001 <0.001 <0.00
mandible 1

ejprd.org - Published by Riset Publishing Services LLC
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Anterior palate <0.001 0.122 <0.001 <0.001 <0.001 <0.00
1
Posterior palate <0.001 0.717 <0.001 <0.001 <0.001 | <0.00
1
Pterygomaxillary | <0.001 1.000 <0.001 <0.001 <0.001 | <0.00
junction 1
Pterygoid <0.001 0.996 <0.001 <0.001 <0.001 | <0.00
process 1
Zygomatic body | <0.001 0.589 <0.001 <0.001 <0.001 | <0.00
1
Zygomatic arch <0.001 1.000 <0.001 <0.001 <0.001 | <0.00
1

3.6 Sex-Related Differences in Maxillofacial Bone
Density

Male participants demonstrated numerically higher mean
HU values than female participants in all ten anatomical
regions. Independent-samples t-test analysis showed
statistically significant sex-related differences in the
posterior maxilla (p=0.003), anterior mandible (p<0.001),
posterior mandible (p<<0.001), anterior palate (p=0.010),
posterior palate (p=0.005), zygomatic body (p<0.001),

and zygomatic arch (p<0.001). The largest absolute
difference between males and females was observed in the
posterior mandible, where males demonstrated a mean
value of 920.75£194.51 HU compared with
658.00+180.73 HU in females. No statistically significant
sex-related differences were observed in the anterior
maxilla (p=0.247), pterygomaxillary junction (p=0.154),
or pterygoid process (p=0.069) (Table 4).

Table 4. Comparison of Hounsfield Unit values between male and female participants

Anatomical region Male, mean+SD | Female, meant+SD | t statistic | p value
Anterior maxilla 636.38+£171.91 593.25+158.78 1.17 0.247
Posterior maxilla 538.38+£166.38 427.62+158.45 3.05 0.003

Anterior mandible 973.254+204.22 797.38+£193.59 3.95 <0.001

Posterior mandible 920.75+194.51 658.00+180.73 6.26 <0.001

Anterior palate 987.12+203.03 867.88+199.91 2.65 0.010
Posterior palate 832.754239.63 691.62+200.32 2.86 0.005
Pterygomaxillary junction | 990.12+105.08 956.25+105.29 1.44 0.154

Pterygoid process 959.38+98.72 917.38+105.25 1.84 0.069
Zygomatic body 1066.624+135.76 953.62+129.69 3.81 <0.001
Zygomatic arch 998.50+145.74 863.50+126.73 442 <0.001

EJPRD

Independent-samples t-tests were conducted with 78 degrees of freedom.

3.7 Overall Pattern of Maxillofacial Bone Density

The findings demonstrated a distinct age-dependent
pattern of maxillofacial bone density. Bone density
increased from adolescence to reach its highest level
during young adulthood, followed by a reduction during
middle age and a marked decline after 60 years. Although
this pattern was observed throughout the maxillofacial
skeleton, the magnitude of reduction varied considerably
among anatomical regions. The posterior maxilla
exhibited comparatively low HU values and a substantial
reduction with increasing age. Conversely, the
pterygomaxillary junction, pterygoid process, and
zygomatic regions retained relatively high HU values
even in elderly participants. These regional differences
indicate that the pterygoid and zygomatic regions may
preserve comparatively favourable bone density during
ageing, while the posterior maxilla may be more
vulnerable to age-related deterioration. Male participants
generally demonstrated greater bone density than female
participants, although statistically significant sex
differences were not uniformly present across all
anatomical sites.

4. Discussion

ejprd.org - Published by Riset Publishing Services LLC

The present study quantitatively evaluated age- and sex-
related variations in maxillofacial bone density using
multidetector computed tomography (MDCT)-derived
Hounsfield Unit (HU) measurements across ten
anatomically important skeletal regions. The principal
findings demonstrated that bone density undergoes a
distinct age-dependent pattern, characterized by a
progressive increase from adolescence to young
adulthood, followed by a gradual decline during middle
age and a marked reduction after 60 years of age. More
importantly, the reduction in bone density was not
uniform throughout the maxillofacial skeleton. While the
posterior maxilla exhibited the greatest age-related
reduction in HU values, the pterygomaxillary junction,
pterygoid process, and zygomatic bone retained
comparatively higher bone density even in elderly
individuals. These findings highlight the regional
heterogeneity of skeletal ageing and provide clinically
relevant information for implant dentistry, orthodontics,
and maxillofacial reconstructive surgery.

Peak bone density observed in the 21-40-year age group
is consistent with the well-established concept that
skeletal mineralization reaches its maximum during early
adulthood before physiological bone remodeling

Copyright ©2026 by Riset Publishing Services LLC.
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gradually exceeds bone formation with advancing age.
Previous investigations have similarly demonstrated that
bone mineral density increases until the third decade of
life, after which cortical thinning, trabecular rarefaction,
and reduced mineralization contribute to progressive
skeletal weakening [14,15]. Although this phenomenon
has been extensively investigated in the appendicular
skeleton, quantitative information regarding age-related
changes within different regions of the maxillofacial
skeleton has remained comparatively limited. The present
study extends existing knowledge by demonstrating that
these physiological changes occur differently among
individual maxillofacial bones rather than affecting the
craniofacial skeleton uniformly.

Among all evaluated regions, the posterior maxilla
demonstrated the lowest HU values and the greatest age-
related decline. This observation is biologically plausible
because the posterior maxilla predominantly consists of
trabecular bone with relatively thin cortical plates and is
further influenced by progressive maxillary sinus
pneumatization following tooth loss and ageing [16-18].
Reduced functional loading, cortical thinning, and
enlargement of the maxillary sinus collectively contribute
to diminished bone quantity and quality in this region.
Previous implant studies have consistently reported lower
primary implant stability and reduced insertion torque
within the posterior maxilla, frequently necessitating
sinus augmentation or alternative implant strategies [19].
The present findings provide quantitative radiological
evidence supporting these clinical observations and
further emphasize the challenges associated with implant
placement in posterior maxillary bone among elderly
individuals.

In contrast, the pterygomaxillary junction, pterygoid
process, and zygomatic bone exhibited comparatively
preserved bone density despite advancing age. Although
a gradual reduction in HU values was observed across all
age groups, the magnitude of decline in these regions was
substantially less than that observed in the posterior
maxilla. These findings likely reflect their unique
anatomical and biomechanical characteristics. The
pterygoid process and zygomatic bone possess relatively
thick cortical bone and dense trabecular architecture and
remain subjected to continuous functional loading
through masticatory muscle attachments. Consequently,
these skeletal regions appear to maintain structural
integrity despite physiological skeletal ageing [20,21].
The preservation of bone density within these regions has
important clinical implications. Pterygoid and zygomatic
implants have become widely accepted treatment options
for rehabilitation of severely resorbed maxillae,
particularly when conventional posterior implant
placement is compromised because of inadequate bone
volume or extensive sinus pneumatization [22]. While
previous clinical investigations have demonstrated
excellent survival rates for both zygomatic and pterygoid
implants, the present study provides an anatomical and
quantitative radiological explanation for these favorable
outcomes. Rather than proving implant success, the
findings demonstrate that these regions retain
comparatively higher bone density with ageing, thereby
supporting their suitability as alternative implant
anchorage sites in patients with severe posterior maxillary
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atrophy. Thus, the present study provides additional
biological justification for established implant concepts
by demonstrating that preservation of bone density within
these regions may contribute to improved biomechanical
support.

Another important observation was that male participants
generally demonstrated higher HU values than female
participants across most anatomical regions, although
statistically significant differences were identified only in
selected sites. These findings are consistent with the
recognized influence of sex hormones on skeletal
metabolism. Declining estrogen levels following
menopause accelerate cortical bone loss and trabecular
deterioration, resulting in lower bone mineral density
among females during later decades of life [23,24].
Nevertheless, the relatively limited number of significant
sex-related differences observed in the present study
suggests that age may exert a greater influence on
maxillofacial bone density than sex alone. Consequently,
individualized radiological assessment remains essential
rather than relying solely on demographic characteristics
during treatment planning.

The present findings also have considerable implications
for orthodontic skeletal anchorage. Successful placement
of temporary anchorage devices (TADs) depends largely
upon cortical bone thickness and local bone quality [25].
Regions exhibiting relatively preserved bone density may
provide superior primary stability and reduce the
likelihood of anchorage failure. Likewise, knowledge of
age-related regional bone density variation may assist
surgeons in selecting appropriate donor and recipient sites
during reconstructive procedures, planning osteotomies,
and predicting fixation stability following trauma or
orthognathic surgery [26].

One of the major strengths of this investigation is the
comprehensive evaluation of ten clinically relevant
maxillofacial regions within a standardized MDCT
imaging protocol. Unlike previous studies that focused
primarily on individual implant sites or isolated jaw
regions, the present investigation provides a panoramic
quantitative assessment of age-related skeletal variation
throughout the maxillofacial complex. Furthermore, equal
representation of both sexes and four well-defined age
groups enabled systematic evaluation of physiological
skeletal ageing while minimizing demographic
imbalance. The use of standardized 3 x 3 mm regions of
interest and uniform acquisition parameters further
enhanced measurement consistency and reproducibility.
Despite these strengths, certain limitations should be
acknowledged. The study was conducted at a single
institution with a relatively modest sample size, which
may limit the generalizability of the findings to broader
populations. Because of its cross-sectional design,
longitudinal age-related changes could not be directly
evaluated. Moreover, although Hounsfield Units provide
an objective surrogate measure of bone density, they do
not directly assess bone microarchitecture, elasticity, or
biomechanical strength, all of which influence implant
stability and long-term osseointegration [27,28]. Future
multicenter longitudinal investigations incorporating
histomorphometric analysis, finite element modeling, and
prospective implant outcome assessment would provide
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further insight into the relationship between regional bone
density and clinical performance.
Future advancements in artificial intelligence (AI) and
machine learning (ML) are expected to transform
Hounsfield Unit-based bone density assessment into a
cornerstone of precision dentistry [29]. Al-driven analysis
of CT-derived HU values integrated with patient-specific
variables such as age, sex, anatomical region, systemic
health, and occlusal loading may enable automated
prediction of bone quality, primary implant stability,
osseointegration  potential, orthodontic = anchorage
success, and long-term treatment outcomes. Integration of
quantitative bone-density mapping with CAD/CAM
workflows, virtual surgical planning, navigation systems,
and three-dimensional (3D) printing technologies may
facilitate the fabrication of patient-specific implants,
customized bone grafts, and individualized reconstructive
solutions optimized according to regional bone density
and biomechanical requirements [30]. Such advances
have the potential to improve surgical precision, reduce
complications, shorten treatment duration, and advance
the concept of personalized maxillofacial rehabilitation.
Although multidetector CT-derived Hounsfield Units
remain the current reference standard for quantitative
assessment of bone density, their routine application in
dental practice is limited because cone-beam computed
tomography (CBCT) has become the preferred imaging
modality owing to its lower radiation dose, lower cost,
and superior spatial resolution [31]. However,
conventional Hounsfield Unit measurements cannot be
reliably applied to CBCT because voxel intensity values
vary considerably among different scanners, acquisition
parameters, reconstruction algorithms, and fields of view.
Consequently, quantitative assessment of bone density
using CBCT has remained a longstanding challenge in
dentomaxillofacial radiology. Emerging voxel-intensity
normalization methods, such as the recently introduced
Sivan Unit (SU), offer a promising solution by
standardizing CBCT voxel values using biologically
defined reference tissues, thereby enabling reproducible
quantitative assessment across different CBCT systems
[32,33]. Future investigations should validate the
relationship between SU-derived bone density, CT-
derived Hounsfield Units, implant primary stability, and
long-term clinical outcomes. Successful validation of
standardized CBCT-based quantitative bone-density
assessment could substantially expand the role of CBCT
from a predominantly qualitative imaging modality to a
reliable quantitative tool, thereby supporting precision
implant dentistry, Al-assisted surgical planning, and
individualized patient care.
5. CONCLUSION
This study demonstrated that maxillofacial bone density
undergoes significant age-related changes, with a
progressive decline after early adulthood; however, the
1. Wang, SH., Fuh, LJ., Chen, M.Y.C. et al. Preoperative
assessment of bone density for dental implantation: a
comparative study of three different ROI
methods. Head  Face  Med 20, 33  (2024).
https://doi.org/10.1186/s13005-024-00434-0
2. Javed F, Ahmed HB, Crespi R, Romanos GE. Role of
primary stability for successful osseointegration of
dental implants: Factors of influence and evaluation.
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extent of bone loss varies considerably among different
anatomical regions. The pterygomaxillary junction,
pterygoid process, and zygomatic bone exhibited
comparatively preserved bone density, whereas the
posterior maxilla showed the greatest age-related
reduction. These findings provide quantitative evidence
for site-specific treatment planning and support the
selection of anatomically favorable regions for
implantology, orthodontic temporary anchorage device
(TAD) placement, and maxillofacial reconstructive
surgery, thereby contributing to more predictable and
personalized clinical outcomes.
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