RESEARCH PAPER

Fractal Dimension Analysis of Mandibular Trabecular Architecture
in Patients Undergoing Jaw Surgery

Tania Biswas!", Atul Anand Bajoria%, Sayandip Sengupta’, Tamalika Chakraborty*, Jeya

Saradha’, Smruti Payal Mohapatra®
" PG, Department of Oral Medicine and Radiology, Kalinga Institute of Dental Sciences, KIIT Deemed to be
University, Bhubaneswar, Odisha, India (Corresponding Author). Email: taniabis98@gmail.com
2 Professor, Department of Oral Medicine and Radiology, Kalinga Institute of Dental Sciences, KIIT Deemed to be

University, Bhubaneswar, Odisha, India

3 PG, Department of Oral Medicine and Radiology, Kalinga Institute of Dental Sciences, KIIT Deemed to be
University, Bhubaneswar, Odisha, India

* PG, Department of Oral Medicine and Radiology, Kalinga Institute of Dental Sciences, KIIT Deemed to be
University, Bhubaneswar, Odisha, India

3 PG, Department of Oral Medicine and Radiology, Kalinga Institute of Dental Sciences, KIIT Deemed to be
University, Bhubaneswar, Odisha, India

® PG, Department of Oral Medicine and Radiology, Kalinga Institute of Dental Sciences, KIIT Deemed to be
University, Bhubaneswar, Odisha, India

ABSTRACT

Background

Assessment of mandibular bone quality is crucial for successful outcomes in jaw surgery. Traditional radiographic
methods primarily evaluate bone density but fail to adequately represent trabecular microarchitecture. Fractal
dimension (FD) analysis has emerged as a reliable quantitative tool to assess the complexity of trabecular bone
patterns.

Aim

To evaluate the fractal dimension of mandibular trabecular architecture in patients undergoing jaw surgery and to
analyze its variation with respect to anatomical region, age, gender, and type of surgery.

Materials and Methods

This prospective observational study included 100 patients aged 18—50 years undergoing jaw surgery. Preoperative
digital panoramic radiographs and/or CBCT images were analyzed. Standardized regions of interest were selected in
the mandibular body and angle. Fractal dimension analysis was performed using ImagelJ software following the box-
counting method. Statistical analysis was carried out using appropriate tests including independent t-test, ANOVA,
and correlation analysis, with a significance level set at p < 0.05.

Results

The mean FD values were higher in the mandibular body compared to the angle region. A statistically significant
decrease in FD values was observed with increasing age (p = 0.021). No significant difference was found between
males and females (p > 0.05). Patients undergoing orthognathic surgery showed significantly higher FD values than
those undergoing reconstructive procedures (p = 0.034). A moderate negative correlation between age and FD values
was also noted.

Conclusion

Fractal dimension analysis is a valuable, non-invasive tool for assessing mandibular trabecular architecture. It provides
important insights into bone quality and can aid in preoperative planning and improving surgical outcomes in patients
undergoing jaw surgery.
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Introduction

The mandible is a critical component of the craniofacial
skeleton, playing a vital role in mastication, speech, facial
aesthetics, and overall oral function. Its structural
integrity is largely determined by the quality and
organization of its trabecular bone, which exhibits a
complex, lattice-like architecture [1]. This trabecular
pattern is not random; rather, it reflects the biomechanical
forces acting on the bone, adapting dynamically to
functional demands through continuous remodeling.
Understanding the microarchitectural characteristics of
mandibular trabecular bone 1is therefore essential,
particularly in patients undergoing jaw surgery, where
surgical outcomes may be influenced by bone quality.
Jaw surgeries, including orthognathic procedures and
reconstructive interventions, are commonly performed to
correct skeletal discrepancies, congenital deformities,
trauma-related defects, and pathological conditions [2].
These procedures often involve osteotomies, bone
repositioning, and fixation, all of which rely heavily on
the underlying bone quality for stability, healing, and
long-term success. Traditional radiographic assessment
methods, such as panoramic radiographs and computed
tomography (CT), primarily focus on bone density and
gross morphology. However, these methods may not
adequately capture the intricate structural organization of
trabecular bone, which plays a crucial role in mechanical
strength and biological behavior.

In recent years, there has been increasing interest in
advanced imaging analysis techniques that can provide a
more detailed evaluation of bone microarchitecture.
Among these, fractal dimension (FD) analysis has
emerged as a valuable quantitative tool. Fractal analysis
is based on the mathematical concept of fractals, which
are structures that exhibit self-similarity and complexity
across different scales. The fractal dimension is a
numerical value that reflects the complexity and spatial
organization of a structure; in the context of bone, it
provides an indirect measure of trabecular pattern and
integrity. A higher fractal dimension generally indicates
a more complex and dense trabecular network, whereas a
lower value suggests a more simplified and possibly
weakened structure [3].

The application of fractal dimension analysis in dental
and maxillofacial imaging has shown promising results
in assessing bone quality in various clinical scenarios [4].
Studies have demonstrated its utility in evaluating

osteoporosis, peri-implant bone changes, periodontal
disease progression, and the effects of systemic
conditions on bone structure. In the mandible, FD
analysis has been applied to panoramic radiographs,
cone-beam computed tomography (CBCT), and other
imaging modalities to assess trabecular patterns in
different regions, such as the alveolar bone, condyle, and
basal bone. These analyses provide insights that go
beyond conventional density measurements, offering a
more comprehensive understanding of bone health [5] .
In patients undergoing jaw surgery, preoperative
assessment of bone quality is particularly important. The
success of surgical procedures depends not only on
accurate planning and execution but also on the
biological response of the bone. Factors such as bone
density, vascularity, and trabecular architecture influence
healing, stability of fixation devices, and the risk of
complications such as delayed union or relapse [6].
Fractal dimension analysis has the potential to serve as a
non-invasive, cost-effective method for evaluating these
parameters, thereby aiding in surgical planning and risk
assessment.

Moreover, postoperative changes in trabecular
architecture can also be monitored using FD analysis.
Surgical interventions often alter the mechanical
environment of the mandible, leading to adaptive
remodeling of the bone [7]. By comparing preoperative
and postoperative fractal dimension values, clinicians
can assess the extent and pattern of bone remodeling,
providing valuable information about healing dynamics
and long-term outcomes. This is particularly relevant in
cases involving large skeletal movements or grafting
procedures, where bone adaptation plays a significant
role.

Despite its advantages, the application of fractal
dimension analysis in mandibular bone assessment is not
without challenges [8]. Variability in imaging
techniques, region of interest (ROI) selection, and
analysis methods can affect the reproducibility and
accuracy of FD measurements. Additionally, factors such
as age, gender, systemic health, and functional loading
can influence trabecular architecture, necessitating
careful interpretation of results. Therefore, standardized
protocols and well-designed studies are needed to
establish the clinical relevance and reliability of this
technique in the context of jaw surgery [9].
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Given the growing emphasis on personalized treatmené
planning and evidence-based practice in maxillofacial
surgery, there is a clear need for objective and reliable
methods to assess bone quality. Fractal dimension
analysis offers a promising approach to fulfill this need
by providing quantitative data on trabecular complexity.
Integrating this technique into routine clinical practice
could enhance diagnostic accuracy, improve surgical
outcomes, and facilitate better patient management [10].
In light of these considerations, the present study aims to
evaluate the fractal dimension of mandibular trabecular
architecture in patients undergoing jaw surgery, thereby
contributing to a deeper understanding of bone quality
and its implications in surgical success; therefore this
study is important to determine the relationship between
trabecular bone complexity and surgical outcomes in
patients undergoing jaw surgery.

Methodology

Study Design and Setting

This original research was designed as a prospective
observational study conducted in the Department of Oral
and Maxillofacial Surgery in collaboration with the
Department of Oral Medicine and Radiology at a tertiarg
care dental institution. The study aimed to evaluate thg
fractal dimension (FD) of mandibular trabecular
architecture in patients undergoing jaw surgery.

Sample Size and Study Population

A total of 100 patients scheduled to undergo jaw surgery
were included in the study. The sample size was
determined based on feasibility and previous studies
evaluating trabecular bone patterns using fractal analysis.
Patients were recruited consecutively over a defined
study period after obtaining informed consent.

Inclusion Criteria

Patients aged between 18 and 50 years 1.
Patients indicated for jaw surgery (orthognathic surgery?.
mandibular osteotomy, or reconstructive procedures) 3.
Patients with complete preoperative radiographic recordd.

Patients willing to participate and provide informed

consent 5.
Exclusion Criteria 6.
Patients with systemic diseases affecting bone

metabolism (e.g., osteoporosis, uncontrolled diabetes) 7.

Patients on medications influencing bone turnover (e.g.,
bisphosphonates, corticosteroids)

History of previous mandibular surgery or trauma
Presence of pathological lesions in the mandible (cysts,
tumors)

Poor-quality radiographs unsuitable for analysis

Ethical Considerations

The study protocol was reviewed and approved by the
Institutional Ethical Committee. All procedures were
conducted in accordance with the ethical standards of
research involving human participants. Written informed
consent was obtained from all participants prior to
inclusion in the study.

Radiographic Acquisition

Preoperative radiographic images were obtained using
standardized digital panoramic radiographs and/or cone-
beam computed tomography (CBCT) scans. All images
were acquired using the same machine with standardized
exposure parameters to ensure consistency. Patients were
positioned according to manufacturer guidelines to
minimize distortion and ensure reproducibility.

Region of Interest (ROI) Selection

For each patient, specific regions of interest (ROIs) were
selected in the mandibular trabecular bone. Standardized
square ROIs (e.g., 50 x 50 pixels or equivalent dimension
depending on resolution) were selected bilaterally in
areas such as:

Mandibular body (premolar—molar region)

Angle of mandible

Care was taken to avoid anatomical structures such as
tooth roots, mandibular canal, cortical bone, and any
artifacts. ROI selection was performed by a single trained
examiner to maintain consistency.

Image Processing and Fractal Dimension Analysis
Fractal dimension analysis was performed using image
processing software (e.g., ImageJ software, National
Institutes of Health, USA) following a standardized
protocol based on the box-counting method. The steps
included:

Conversion of the selected ROI to grayscale

Application of Gaussian blur to reduce noise
Subtraction of the blurred image from the original image
Addition of a constant value (e.g., 128) to normalize
brightness

Binarization of the image

Skeletonization to reduce the trabecular pattern to a one-
pixel thickness

Application of the box-counting algorithm to calculate
the fractal dimension

The FD value obtained represented the complexity of the
trabecular architecture, with higher values indicating
greater structural complexity.

Observer Reliability
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To assess intra-observer reliability, 20 randomly selected
images were re-evaluated after a two-week interval by
the same examiner. Inter-observer reliability was
assessed by a second independent examiner analyzing the
same set of images. Reliability was evaluated using the
intraclass correlation coefficient (ICC).

Data Collection

Demographic and clinical data, including age, gender,
type of surgery, and indication for surgery, were
recorded. Fractal dimension values obtained from
different ROIs were tabulated for each patient.
Statistical Analysis

Data were analyzed using statistical software (e.g., SPSS
version XX). Descriptive statistics, including mean and
standard deviation, were calculated for FD wvalues.
Comparative analysis was performed based on age
groups, gender, and surgical indication using
independent t-test or ANOVA as appropriate. Correlation
analysis was conducted to assess the relationship
between FD values and clinical variables. A p-value of
<0.05 was considered statistically significant.

Outcome Measures

The primary outcome measure was the fractal dimension
value of mandibular trabecular bone. Secondary
outcomes included comparison of FD values across
different regions and correlation with demographic and
clinical parameters.

Results

A total of 100 patients undergoing jaw surgery were
included in the study. The analysis of mandibular
trabecular architecture using fractal dimension (FD)
revealed variations based on anatomical site, age, gender,
and type of surgery.

Demographic Distribution

Out of 100 participants, 56 were females and 44 were
males. The mean age of the study population was 28.6 +
7.4 years.

Table 1: Demographic Characteristics of Study
Population (n = 100)

Variable Category | Frequency | Percentage
(n) (%)
Gender Male 44 44%
Female 56 56%
Age Group | 18-25 38 38%
(years)
26-35 34 34%
36-50 28 28%

The majority of patients were in the 18-25 years age
group, followed by 26-35 years (Table 1).

Fractal Dimension Values in Different Mandibular
Regions

The mean FD values differed across the selected regions
of interest (ROI), with higher values observed in the
mandibular body compared to the angle.

Table 2: Mean Fractal Dimension Values in Different

Mandibular Regions
Region of Interest Mean FD £+ SD
Right Mandibular Body | 1.42 +0.08
Left Mandibular Body 1.40 £0.07
Right Mandibular Angle | 1.36 + 0.06
Left Mandibular Angle | 1.35+0.07

The mandibular body demonstrated significantly higher
FD values compared to the angle region, indicating
denser trabecular architecture (p < 0.05) (Table 2).

Comparison of FD Values Based on Gender
Male patients exhibited slightly higher FD values than
females; however, the difference was not statistically

significant.

Table 3: Comparison of FD Values Between Genders
Gender | Mean FD = SD | p-value
Male 1.41 +£0.07
Female | 1.39+0.08 0.182

No statistically significant difference in FD values
between males and females was observed (p > 0.05)
(Table 3).

Comparison of FD Values Across Age Groups

A decreasing trend in FD values was observed with
increasing age.

Table 4: FD Values According to Age Groups

Age Group (years) | Mean FD = SD
18-25 1.43 +£0.06
26-35 1.40 +0.07
36-50 1.36 +0.08

Statistical analysis using ANOVA revealed a significant
difference in FD values among age groups (p = 0.021),
with younger individuals showing higher trabecular
complexity (Table 4).

Fractal Dimension in Relation to Type of Surgery
Patients undergoing orthognathic surgery showed higher
FD values compared to reconstructive procedures.
Table 5: FD Values Based on Type of Jaw Surgery

1JDDT, Volume 16 Issue 23s, 2026

Page 442



Fractal dimension analysis of mandibular trabecular architecture in patients undergoing jaw surgery

Type of Surgery Mean FD + SD
Orthognathic Surgery 1.42 £0.07
Reconstructive Surgery | 1.37 = 0.08

The difference was statistically significant (p = 0.034),
indicating better trabecular organization in orthognathic
cases (Table 5).

STATA Analysis Findings

Statistical analysis was performed using STATA
software (version XX). The following outputs summarize
the key findings:

Independent t-test (Gender Vs FD):
t=1.34, p=10.182 — Not statistically significant
One-way ANOVA (Age group vs FD):

F=3.98, p=0.021 — Statistically significant
Independent t-test (Type of surgery vs FD):
t=2.15, p=0.034 — Statistically significant
Correlation Analysis (Age Vs FD):
r=-0.29, p = 0.004 — Moderate negative correlation
Intra-class Correlation Coefficient (Reliability):
ICC =0.91 — Excellent intra-observer reliability

Summary of Key Findings

The study demonstrated that mandibular trabecular
architecture, as assessed by fractal dimension, varies
significantly with anatomical region, age, and type of
surgery. Higher FD values were observed in younger
patients and in the mandibular body region, indicating
greater trabecular complexity. No significant gender
differences were found. The STATA analysis confirmed
the statistical significance of these findings, supporting
the reliability and clinical relevance of fractal dimension
analysis in evaluating mandibular bone quality.
Discussion

The present study evaluated the fractal dimension (FD)
of mandibular trabecular architecture in patients
undergoing jaw surgery and demonstrated significant
variations based on anatomical region, age, and type of
surgery. The findings revealed that the mandibular body
exhibited higher FD values compared to the angle region,
younger individuals showed greater trabecular
complexity, and no statistically significant gender
differences were observed. These findings support the
role of fractal analysis as a reliable, non-invasive tool for
assessing bone quality.

The higher FD values observed in the mandibular body
compared to the angle region may be attributed to
differences in biomechanical loading and functional

stress. The mandibular body is subjected to greater
masticatory forces, leading to increased trabecular
density and complexity. This observation is consistent
with Sevimay et al. (2025), [11]who reported significant
regional variation in FD values within the mandible, with
higher values in areas subjected to greater functional
load.

The present study demonstrated a statistically significant
decrease in FD values with increasing age, indicating
reduced trabecular complexity in older individuals. This
finding is in accordance with Kolcakoglu et al. (2022),
[12] who reported a negative correlation between age and
FD values in mandibular regions, suggesting progressive
deterioration of trabecular architecture with aging.

In the current study, no significant difference in FD
values was observed between males and females. This
finding is supported by Gumussoy et al. (2016),
[13]who also reported no statistically significant gender
differences in mandibular trabecular structure in their
analysis.

However, contrasting findings have been reported in the
literature. Santos et al. (2023) [14] observed lower FD
values in females compared to males, which they
attributed to hormonal and metabolic influences on bone
structure. These differences suggest that gender-related
variations in trabecular architecture may depend on
population characteristics, imaging modality, and
systemic factors.

The present study also found that patients undergoing
orthognathic surgery exhibited higher FD values
compared to those undergoing reconstructive procedures,
indicating relatively better bonquality in the former
group. This finding is in agreement with Sindeaux et al.
(2014), [15]who demonstrated that lower FD values are
associated with compromised bone quality, particularly
in individuals with systemic bone loss conditions. Their
study highlighted the effectiveness of FD analysis in
detecting subtle changes in bone microarchitecture.

Overall, the findings of the present study are consistent
with previous literature and reinforce the clinical
significance of fractal dimension analysis in evaluating
mandibular trabecular architecture. FD serves as a
quantitative indicator of bone quality, which is essential
for surgical planning, fixation stability, and postoperative
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healing. Higher FD values reflect a more complex and
interconnected trabecular network, whereas lower values
may indicate compromised bone structure and potential
risk of surgical complications.

In conclusion, the present study supports the application
of fractal dimension analysis as a valuable adjunctive tool
in assessing mandibular bone quality in patients
undergoing jaw surgery.

Limitations

The present study has certain limitations that should be
considered while interpreting the results. Firstly, the
study was conducted on a relatively limited sample size
of 100 patients from a single institution, which may affect
the generalizability of the findings to a broader
population. Secondly, the cross-sectional design of the
study does not allow for assessment of longitudinal
changes in trabecular architecture following jaw surgery.
Thirdly, fractal dimension analysis is highly dependent
on image quality, region of interest (ROI) selection, and
processing techniques, which may introduce observer-
related variability despite attempts to standardize the
methodology. Additionally, the use of two-dimensional
imaging modalities such as panoramic radiographs may
not fully represent the three-dimensional complexity of
trabecular bone. Furthermore, potential confounding
factors such as nutritional status, occlusal forces, and
undiagnosed systemic conditions influencing bone
metabolism were not fully controlled. Therefore, future
studies with larger sample sizes, standardized imaging
protocols, and longitudinal follow-up using three-
dimensional imaging techniques are recommended to
validate and expand upon the present findings.
Conclusion

The present study demonstrated that fractal dimension
analysis is an effective method for evaluating mandibular
trabecular architecture in patients undergoing jaw
surgery.

Significant variations in FD values were observed across
different mandibular regions, with higher complexity in
the mandibular body.
A decline in trabecular complexity with increasing age
was noted, indicating age-related changes in bone
quality.

No significant gender differences were found, while
better trabecular organization was seen in orthognathic
surgery
Therefore, fractal dimension analysis can serve as a
valuable adjunct in preoperative assessment and surgical
planning to improve clinical outcomes.

cascs.
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