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ABSTRACT

Background: The present study aimed to evaluate the association between the size of mandibular
lesions and mandibular bone quality using the Bone Quality Index (BQI) based on cone-beam

computed tomography (CBCT) images.

Material and Methods: This retrospective radiographic study evaluated CBCT images. A total

of 49 histopathologically confirmed mandibular lesions were included. Mandibular bone quality
was assessed using BQI on sagittal sections, while lesion size was measured on panoramic
reconstruction images. Statistical analyses were performed to investigate associations between

lesion dimensions and bone-quality characteristics.

Results: No statistically significant association was found between lesion size and BQI (p>0.05).

Findings regarding other variables were interpreted as exploratory.

Conclusions: Within the limitations of this retrospective study, no definitive association was
observed between the size of mandibular lesions and mandibular bone quality assessed by BQI.
The findings indicate that BQI primarily reflects local osseous characteristics rather than serving
as a direct determinant of lesion size. Further prospective studies with larger, homogeneous cohorts

are needed to better understand these local dynamics.

Clinical Significance Statement

Assessment of mandibular bone quality in patients with odontogenic lesions using CBCT may
provide additional information for treatment planning and patient management. The findings of
this study contribute to understanding the relationship between lesion size and mandibular bone

quality.
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Central jaw lesions.



INTRODUCTION

The mandible is a dynamic structure influenced by both local and systemic factors and serves as
an important indicator in the assessment of an individual’s overall bone health. Bone quality is
defined by parameters such as cortical thickness, trabecular density, and bone architecture, and
plays a decisive role in clinical decision-making processes. Pathological processes affecting the
mandible may vary depending on numerous factors, including age, sex, hormonal status,
nutritional habits, systemic bone metabolism disorders such as osteoporosis, diabetes mellitus,
endocrine diseases, and long-term medication use. These factors may lead to radiographic changes
in the mandible, including cortical thinning, decreased trabecular density, and irregularities in bone

architecture [1].

Local factors include odontogenic infections, periodontal diseases, trauma, surgical procedures,
edentulism, functional alterations, as well as cystic and neoplastic lesions affecting the jaw. These
local pathological processes may result in structural changes in the mandibular bone, such as
resorption, expansion, and alterations in trabecular organization. In particular, lesions such as
radicular cysts, dentigerous cysts, odontogenic keratocysts, ameloblastomas, and other
odontogenic tumors may produce radiolucent or mixed radiographic changes in the mandible. The
biological behavior and growth potential of these lesions are closely related to their

histopathological characteristics and interactions with the surrounding tissues [2].



With advances in imaging technologies, the use of cone-beam computed tomography (CBCT) has
become increasingly widespread in the evaluation of the maxillofacial skeleton in addition to
panoramic radiography. Compared with panoramic radiography, CBCT reduces superimposition
and distortion, allowing a more accurate and detailed assessment of bone morphology.
Furthermore, panoramic reconstructions derived from CBCT data, particularly cross-sectional
sections, enable detailed analysis of mandibular cortical thickness as well as the organization and
density of trabecular bone. Therefore, the evaluation of radiomorphometric indices using CBCT

data provides more reliable results than conventional two-dimensional imaging methods [3-5].

The Bone Quality Index (BQI) is a radiomorphometric parameter that provides qualitative
information regarding mandibular cortical and trabecular bone structures. BQI enables the
assessment of bone quality based on the density and organization of the trabecular structure on
cross-sectional images. BQI has been widely used for assessment of bone quality in implant

dentistry and for the evaluation of age- and sex-related bone changes in bone structure [6].

The literature indicates that radiomorphometric indices have been predominantly evaluated using
conventional panoramic radiographs and have mainly been investigated in relation to systemic
factors. In contrast, studies assessing the effects of mandibular pathological lesions on bone
morphology through these indices are limited. Furthermore, most existing studies have not
comprehensively examined indices such as MCI, PMI, and BQI in conjunction with lesion
etiology, localization, and their destructive or expansive effects on bone. This highlights the need
for a more detailed investigation of the relationship between bone quality and lesion characteristics

using three-dimensional imaging modalities [7].



Therefore, the present study aims to evaluate the association between the size of mandibular
lesions and mandibular bone quality using the Bone Quality Index (BQI) based on cone-beam

computed tomography (CBCT) images.

MATERIALS AND METHODS

The cohort represents a heterogeneous group of histopathologically confirmed
mandibular lesions, including both odontogenic lesions and other central jaw
lesions. We explicitly identify this heterogeneity as a methodological
limitation. Regarding image orientation, BQI assessment was performed using

standardized sagittal CBCT reconstructions to ensure reproducibility.

This retrospective radiographic study was conducted using archived records of 1000 patients who
attended the Department of Oral and Maxillofacial Radiology, Faculty of Dentistry, Atatiirk
University, between January 2024 and August 2025. Cone-beam computed tomography (CBCT)
images of 42 patients (18 males and 24 females) aged between 8 and 88 years (mean age: 43.12
years) were included in the study. A total of 49 mandibular lesions were retrospectively

evaluated.

All lesions included in the study had histopathological diagnoses, which were confirmed based on
the corresponding pathology reports. According to the histopathological examination results, the
lesions were classified as radicular cysts (n=15), ameloblastomas (n=13), odontogenic keratocysts
(n=11), dentigerous cysts (n=5), central giant cell granulomas (n=2), residual cysts (n=1),

calcifying epithelial odontogenic tumors (n=1), and ossifying fibroma (n=1).



The study protocol was approved by the Clinical Research Ethics Committee of Atatiirk University
(Decision No: 39; Session No: 05/2026; Date: 02 June 2026), and all procedures were conducted

in accordance with the principles of the Declaration of Helsinki.

The inclusion criteria were the availability of diagnostic-quality CBCT images and the presence
of a lesion in the mandible. Images in which the mandibular cortical or trabecular bone could not
be adequately evaluated due to lesion-related alterations, images with significant artifacts, and
scans in which radiomorphometric measurements could not be performed reliably were excluded
from the study. In addition, patients with systemic diseases affecting bone metabolism, those
receiving medications known to influence bone metabolism, individuals with a history of

mandibular surgery, local bone diseases, or previous mandibular fractures were excluded.

All CBCT images were acquired using a NewTom VGi evo unit (QR S.r.l., Verona, Italy)
following the manufacturer's recommended standard imaging protocols and in accordance with
the ALARA principle. During image acquisition, patients were positioned with the Frankfurt
horizontal plane parallel to the floor, and a head stabilization device was used to minimize motion
artifacts. Patients were instructed to remain motionless throughout the scanning procedure. All

metallic accessories were removed prior to imaging.

Imaging parameters were determined according to the manufacturer's standard protocol. The field
of view (FOV) was set at 16 x 16 cm, and the voxel size was 0.2 mm?. Tube voltage (90-110 kVp)
and tube current were automatically adjusted for each patient using the device's SafeBeam
technology, without any manual intervention by the investigators. The scan time ranged from 18

to 26 seconds.



The acquired images were evaluated using multiplanar reconstruction (MPR) in the axial, sagittal,

and coronal planes. Slice thickness was adjusted between 0.5 and 1 mm for image analysis.

Evaluation of Mandibular Bone Quality Using the Bone Quality Index

(BQD

Mandibular bone quality was assessed on CBCT cross-sectional sections using the Bone Quality
Index (BQI). The BQI evaluation was based on the bone quality classification proposed by
Lekholm and Zarb [12], which categorizes bone quality into four types (Type [-1V) according to
the relative thickness and morphology of the cortical and trabecular bone in the mandibular body

(Figures 1-4).

For BQI assessment, bone quality was evaluated on cross-sectional CBCT sections obtained from
the ipsilateral side of the lesion. The evaluation was performed on the first adjacent bone section
demonstrating preserved bone architecture and not directly affected by the lesion. Intact bone was
defined as bone without radiographic evidence of lesion-related cortical perforation, cortical
expansion, marked cortical thinning, or trabecular destruction. A fixed distance from the lesion
border was not predetermined; instead, the nearest unaffected bone area was selected for
evaluation. In cases of extensive lesions, the closest available region with preserved cortical and
trabecular morphology on the same side of the mandible was used for BQI classification. Bone

quality was classified according to the following criteria:

Type I: Bone composed of homogeneous, dense, and compact cortical tissue. Trabecular bone is
minimal or exhibits a highly dense appearance. This bone type is characterized by high bone

density and a well-defined cortical structure (Figure 1).



Type II: Thick cortical bone with a dense and well-organized trabecular structure (Figure 2).

Type II: Characterized by a thinner cortical bone layer and a more loosely organized trabecular
structure. Bone density is reduced, and the trabecular pattern appears less dense and more sparse

compared with Type II bone quality (Figure 3).

Type IV: Characterized by a very thin cortical layer and a low-density, sparse trabecular bone
structure. This bone type is considered to exhibit the lowest bone density among all bone quality

categories (Figure 4).

Figure 1 Figure 2 Figure 3 Figure 4

Figure 1. Homogeneous compact cortical bone (Type I). Figure 2. Thick cortical layer with
dense trabecular bone (Type II). Figure 3. Thin cortical layer with moderately dense trabecular

bone (Type III). Figure 4. Very thin cortical layer with low-density trabecular bone (Type IV).



Assessment of lesion size

Lesion size was measured on digital panoramic reconstruction images generated from CBCT data.
The anteroposterior diameter [mm] of each lesion was recorded and used for statistical analysis.
In all cases, panoramic reconstruction images were generated using a 5-mm slab thickness. To

ensure standardization, the same reconstruction parameters were applied to all images throughout

the study (Figure 5).

Figure 5. Measurement of the anteroposterior diameter of lesion on a CBCT-derived digital

panoramic reconstruction image.

All images were evaluated by a single investigator with 3 years of experience in oral and
maxillofacial radiology under standardized viewing conditions in a low-light environment using a
computer equipped with an LCD monitor available at the faculty. To minimize observer bias and
misinterpretation, radiographic findings were confirmed on at least two consecutive sections. In

addition, image evaluations were repeated at different time points to improve intraobserver



consistency. Lesions were classified according to their localization within the mandible, their sizes

were measured and included in the analyses, and the age and sex of all patients were recorded.

Statistical analysis was performed using IBM SPSS Statistics software (Version 20.0; IBM Corp.,
Armonk, NY, USA). Descriptive statistics were presented as frequencies and percentages (%).
Relationships between variables were assessed using Spearman’s correlation analysis. Differences
in bone quality index (BQI) and lesion size between male and female patients were evaluated using
the independent-samples t-test. A p-value of less than 0.05 was considered statistically significant
for all analyses. Kappa statistics for agreement were used to assess the intra-observer reliability
and were interpreted as follows: <0, poor agreement; 0.00—0.20, slight agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; 0.81-0.99, almost

perfect agreement; and 1.00, perfect agreement.

RESULTS

No statistically significant relationship was found between lesion size and the mandibular Bone
Quality Index (BQI) (p > 0.05). However, a statistically significant association was observed
between lesion size and lesion localization (p = 0.008), with lesions located in the right mandible

tending to be larger.

A positive and statistically significant correlation was found between BQI and age (r = 0.384, p =
0.007). Since higher BQI values indicate lower bone quality, this finding suggests that mandibular

bone quality decreases with increasing age.



A significant sex-related difference was observed in bone quality (p <0.001), with female patients
showing higher BQI values and consequently lower bone quality than males. However, lesion size

did not differ significantly between sexes (p > 0.05).

The intra-observer coefficient values showed high reliability for all lesion size and the BQI. The
intra-observer coefficients were 0.87 (almost perfect agreement) for lesion size and 0.85 (almost

perfect agreement) for the BQL.

DISCUSSION

The present study investigates whether lesion dimensions are associated with measurable
differences in the radiographic characteristics of the surrounding mandibular bone, as
represented by the Bone Quality Index (BQI). There is a biologically plausible basis for
examining this relationship, as mandibular lesions do not develop in an anatomically neutral
environment. Their radiographic appearance and extent may be influenced by the structural
characteristics of the host bone, while progressive remodeling associated with a lesion may
alter the local radiographic appearance. Thus, the relationship should be considered
potentially bidirectional. We emphasize that BQI is a qualitative radiographic classification
reflecting local morphology and density, not an independent biological predictor of lesion
growth. This study is exploratory in nature, aiming to investigate whether BQI demonstrates

measurable variation according to lesion characteristics.

The present study evaluated the relationship between the size of lesions located in the mandible

and the mandibular Bone Quality Index (BQI). According to the findings, no statistically



significant relationship was observed between lesion size and BQI. These findings suggest that

mandibular bone quality, as assessed by BQI, may not be a major determinant of these lesions.

Radiomorphometric indices are widely used in the assessment of mandibular bone quality, and
several studies have demonstrated their association with bone mineral density and trabecular bone
structure. Horner and Devlin reported that indices reflecting mandibular cortical and trabecular
characteristics may provide reliable information regarding systemic bone density [8]. In this
context, BQI is considered an important parameter for the evaluation of bone quality. However,
the absence of a significant association between BQI and lesion size in the present study indicates

that bone quality alone is insufficient to explain variations in lesion dimensions.

In addition to BQI, several radiomorphometric indices, including the Mandibular Cortical Index
(MCI), Panoramic Mandibular Index (PMI), and Mental Index (MI), have been used to assess
mandibular bone quality. Previous studies have reported significant associations between these
indices and bone mineral density, particularly in the screening of osteoporosis [9]. Nevertheless,
because most of these indices are based on two-dimensional imaging modalities, they may not
fully reflect bone microarchitecture. Therefore, three-dimensional imaging techniques such as

CBCT may provide a more reliable assessment of bone quality.

Bone quality is defined by structural characteristics such as cortical thickness and trabecular
density and is closely associated with biomechanical stability, particularly in implant dentistry.
Reduced implant success rates have been reported in areas with poor bone quality, especially Type
IV bone, due to thin cortical bone and low trabecular density [10]. In contrast, higher primary

stability is generally achieved in Type I and Type II bone. However, this biomechanical



relationship does not necessarily parallel the biological behavior and growth dynamics of these

lesions [11,12].

The size of the lesions is influenced by multiple factors, including histopathological type,
biological behavior, growth potential, and duration before diagnosis. While cystic lesions often
exhibit an expansive growth pattern leading to cortical thinning and trabecular alterations, certain
tumors may produce more aggressive bone destruction. Consequently, lesion size is likely
determined by a complex interaction of biological factors rather than bone quality alone. The
absence of a significant relationship between BQI and lesion size in the present study supports this

multifactorial nature [2,13].

The response of bone tissue to these lesions depends not only on lesion size but also on lesion
behavior and its interaction with surrounding tissues. Some lesions grow slowly, allowing adaptive
bone remodeling, whereas others exhibit rapid and destructive growth patterns that may result in
substantial bone loss. Increased osteoclastic activity, inflammatory mediator release, and bone
remodeling processes are important contributors to these changes. Therefore, alterations in bone
quality cannot always be directly attributed to lesion size, and the relationship between these

variables appears to be biologically complex [2,13].

Although some previous studies have suggested a possible association between lesion expansion
and alterations in bone density, the available evidence remains limited and inconsistent. In the
present study, no significant association was observed between lesion size and BQI, indicating that

lesion dimensions cannot be explained by bone quality alone.



The association between mandibular bone quality and systemic skeletal conditions has been
extensively investigated. Taguchi et al. demonstrated that mandibular radiographic indices are
associated with osteoporosis and may facilitate the radiographic identification of reduced bone
mineral density [13]. These findings suggest that BQI may reflect not only local bone
characteristics but also systemic bone quality. However, the lack of an association between BQI
and lesion size in the present study supports the notion that lesion dimensions are primarily

influenced by local biological factors [14].

Regarding age-related changes, previous studies have reported reductions in bone mineral density
and bone quality parameters with increasing age. Similarly, a significant relationship between age
and BQI was observed in the present study, indicating lower bone quality in older individuals. This
finding is consistent with previous reports demonstrating age-related deterioration in bone quality

[15,16].

Male individuals exhibited significantly higher bone quality than female individuals. This finding
may be explained by accelerated bone loss in women, particularly after menopause, as a
consequence of decreased estrogen levels. The present findings are consistent with previous

studies reporting sex-related differences in bone density and bone quality [14,17].

With regard to lesion localization, lesions located in the right mandible were found to be larger
than those located on the left side. Although a statistically significant association was observed,
this finding likely lacks clinical or biological significance. Given the retrospective nature of
our cohort, this observation is most plausibly attributable to sample distribution and

selection artifact rather than a true anatomical or pathological predisposition.



In addition, no significant association was observed between patient age and the anterior/posterior
localization of the lesion, suggesting that lesion distribution within the mandible appears to be

independent of age in the present study.

A major strength of the present study is that BQI assessment was performed using CBCT cross-
sectional sections, allowing three-dimensional evaluation of bone quality. Compared with
panoramic radiography, CBCT eliminates superimposition and distortion, enabling a more

accurate assessment of bone morphology.

Several limitations of this study should be acknowledged. The retrospective design, relatively
small sample size, and the inclusion of lesions with different histopathological characteristics
and biological behaviors may restrict the generalizability of the findings. Furthermore, the
effects of age, sex, and other systemic factors could not be completely eliminated. The use of
a single linear anteroposterior measurement should be interpreted as a radiographic
dimension rather than a complete representation of lesion volume. Secondary statistical
findings, such as the association with mandibular side, should be considered exploratory and
may represent chance observations. Future prospective, longitudinal studies with larger,

lesion-specific cohorts are required to validate these preliminary findings

CONCLUSIONS

Within the limitations of this study, no significant relationship was found between mandibular
bone quality, as assessed by the Bone Quality Index (BQI), and the size of these lesions. These
findings suggest that lesion size is likely influenced by multiple biological and histopathological

factors rather than bone quality alone. Nevertheless, BQI may serve as a useful adjunctive



parameter in the assessment of mandibular bone quality. Further studies with larger sample sizes
and more homogeneous lesion groups are required to clarify the relationship between bone quality

and the biological behavior of these lesions.
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