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ABSTRACT 
	Aims: This study aimed to review recent research employing micro-CT to assess bone loss in animal models of periodontitis, exploring its applicability in measuring parameters such as bone volume (BV), bone mineral density (BMD), trabecular thickness (Tb.Th), connectivity, and the cementoenamel junction to alveolar bone crest distance (CEJ-ABC).
Methodology: Articles published during the last five years were selected from PubMed, Google Scholar, and Web of Science, focusing on studies written in English that used experimental rodent models.
Results: The reviewed studies demonstrated that micro-CT enables precise assessment of bone resorption under various systemic conditions, pharmacological therapies, alternative interventions, and genetic modifications. Models combining chronic stress, metabolic syndrome, antibiotic use, probiotics, antipsychotics, and immunomodulatory compounds highlighted the versatility of micro-CT in detecting bone alterations. Additionally, the application of artificial intelligence, including deep learning algorithms, has enhanced accuracy and efficiency in volumetric analysis. The present review also incorporated unpublished data from an ongoing study showing the protective effect of dimethyl fumarate (DMF) on bone volume preservation in rats with ligature-induced periodontitis. The methodology included image reconstruction using NRecon, standardization with DataViewer, three-dimensional analysis in CTAn, and 3D rendering with CTvox. These procedures enabled precise segmentation of the region of interest (ROI) and detailed measurement of bone loss. The review emphasizes that micro-CT provides essential morphological and quantitative information to advance periodontal research, particularly due to its high resolution, reproducibility, and ability to integrate structural and functional data.
Conclusion: Therefore, micro-computed tomography represents an indispensable tool for analyzing bone structure in periodontitis studies, significantly contributing to the development of more effective and personalized diagnostic and therapeutic strategies.
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1. INTRODUCTION 
Micro-computed tomography (micro-CT) is an advanced three-dimensional imaging technique that uses X-rays to obtain high-resolution micrometric images. Based on the same principles as conventional computed tomography, micro-CT enables internal visualization of materials and biological structures without the need for physical sectioning, making it an essential tool across multiple fields of science and engineering (Schulz et al., 2012). The operation of micro-CT involves acquiring multiple projections of the sample at different angles, which are subsequently processed by computational algorithms for three-dimensional reconstruction. Image quality depends on factors such as detector resolution, X-ray source power, and the application of mathematical filters. In some cases, contrast agents are used to improve the distinction between structures with similar densities (Schulz et al., 2012).
In the biomedical field, the technique has gained prominence in the analysis of bone tissues, biomaterials, and implants, enabling detailed assessment of mineral density, porosity, and material–tissue integration. In Dentistry, its applications include studies of dental morphology, degradation of restorative materials, and the effectiveness of endodontic treatments. This non-invasive approach provides a more accurate understanding of the interactions between materials and biological tissues (Ghavami-Lahiji et al., 2021; Vásárhelyi et al., 2020).
With continuous advancements in equipment and reconstruction algorithms, micro-CT has become increasingly accessible and essential for scientific research and industrial applications. Its ability to provide detailed quantitative and qualitative data reinforces its importance in material characterization and technological development. Consequently, micro-CT has emerged as a valuable tool for three-dimensional analysis of bone structure in periodontitis studies. This technique enables quantitative and qualitative evaluation of alveolar bone loss without invasive dissection, providing high-resolution images with precise structural detail. Studies indicate that micro-CT allows measurement of parameters such as bone volume, bone mineral density, and alveolar crest thickness, offering greater accuracy than conventional two-dimensional methods such as intraoral radiographs (Catunda et al., 2021; Choi et al., 2022).
Beyond its precision in quantifying bone loss, micro-CT is widely used to evaluate the effects of different periodontal therapies, including biomaterials and pharmacological agents. Research has shown that the technique supports the analysis of bone repair processes in experimental periodontitis models, enabling detailed comparison between treated and control groups (Furquim et al., 2021). Thus, micro-CT not only quantifies bone resorption but also provides insights into the effectiveness of innovative therapeutic approaches, contributing to the development of new treatments (Troian-Michel et al., 2025). Another important advantage is its ability to assess bone architecture at multiple levels, including trabecular microarchitecture. Studies indicate that alterations in bone connectivity and porosity can be identified early using this technique, aiding in understanding the mechanisms underlying periodontitis progression (Zheng & Han; Souza, 2021).
Its application in translational research has supported the development of more effective clinical protocols for diagnosing and managing periodontal disease. Thus, micro-computed tomography has established itself as an essential method for investigating bone loss associated with periodontitis, enabling significant advancements in modern periodontology. Therefore, the objective of this study was to compile relevant literature applying micro-computed tomography as a tool for assessing bone loss caused by experimental periodontal disease.

2. METHODOLOGY 
To better understand the use of micro-computed tomography in evaluating periodontitis, an advanced search was conducted in the PubMed, Google Scholar, and Web of Science databases using the keyword: “Microtomography and periodontitis.” As inclusion criteria, ten articles published in the last five years and written in English were selected. As exclusion criteria, studies not written in English and/or outside the scope of the search were discarded.

3. LITERATURE REVIEW
[bookmark: _heading=h.rxudsewket14]3.1 Periodontitis
Periodontitis is a multifactorial chronic inflammatory disease that affects the tooth-supporting tissues, characterized by progressive destruction of the periodontal ligament, alveolar bone resorption, and the formation of periodontal pockets (Martínez-García et al., 2021). Although its etiology is directly associated with the presence of bacterial biofilm, the host’s exacerbated inflammatory response plays a central role in disease progression, modulated by genetic, metabolic, environmental, and systemic factors (Silva et al., 2015).
Experimental rodent models have been widely employed to understand the pathophysiological mechanisms involved in periodontitis and to evaluate the effectiveness of new therapeutic strategies (Bhattarai et al., 2016). In this context, micro-computed tomography (micro-CT) has become an essential tool for three-dimensional and nondestructive analysis of the alveolar bone, enabling precise quantification of bone loss, mineral density, porosity, and microstructural parameters such as trabecular thickness and separation (Naito et al., 1998).
The present review aims to synthesize recent evidence obtained from experimental periodontitis models that used micro-CT to assess alveolar bone loss and the effects of different therapeutic interventions and systemic conditions, including medication use, comorbidities, alternative therapies, chronic stress, and genetic modulation. By gathering these findings, this review highlights the relevance of micro-CT in periodontal research and discusses scientific advances achieved through this methodology.
[bookmark: _heading=h.vquw1zkwf1n6]
3.2 Micro-computed tomography in the evaluation of experimental periodontitis
One study investigated the effects of acetylsalicylic acid (ASA) on alveolar bone loss in a murine model of periodontitis associated with metabolic syndrome (MetS). Animals with MetS exhibited significantly greater bone resorption compared to controls, as indicated by a CEJ-ABC distance of 608.95 ± 45.07 µm in the MetS + PD + vehicle group, compared to 483.51 ± 30.21 µm in the control group (p = 0.0005). ASA treatment substantially reduced bone loss in animals without MetS (256.1 ± 19.23 µm, p < 0.0001), but was ineffective in MetS animals, suggesting resistance to aspirin in the presence of the syndrome (De Rossi et al., 2024).
In another study, antimicrobial photodynamic therapy (aPDT) with hypericin-glucamine was evaluated in experimental periodontitis in rats. At day 7, the aPDT-treated group showed greater bone volume (p < 0.01), demonstrating an initial beneficial effect. However, by day 15, the group treated with LED alone exhibited the best bone outcomes, suggesting that LED may exert more relevant late reparative effects than the combination with hypericin-glucamine (Macedo et al., 2019).
Temporal progression of periodontal bone loss was investigated in different mouse strains infected with Porphyromonas gingivalis. BALB/c mice exhibited earlier and more severe bone loss than C57BL/6 mice, with lower bone volume and higher porosity in the first week (p < 0.0001). Micro-CT analysis revealed that the peak of resorption occurred between the second and third weeks, followed by stabilization, reinforcing the role of genetic susceptibility in the chronology of bone destruction (Hernández Martínez et al., 2023).
In a model of chronic stress associated with apical periodontitis, propranolol significantly reduced lesion volume and area (p = 0.0152 and p = 0.0013, respectively). Although it did not alter total bone density (BV/TV), treatment mitigated the deleterious effects of stress-induced bone resorption, suggesting a potential beta-adrenergic protective effect (Khoury et al., 2024).
In the pharmacological context, atypical antipsychotics such as olanzapine and clozapine were associated with increased bone loss in female rats with periodontitis, although micro-CT did not detect significant changes in structural parameters. Recalcification striations observed in histology suggest that bone remodeling may mask deleterious effects in three-dimensional structural analysis (Soares et al., 2023).
Another study characterized bone loss at different stages of ligature-induced periodontitis. Significant progression was observed between days 4 and 8, followed by stabilization after day 8. The CEJ-ABC distance increased significantly during this period, indicating that the 4-to-8-day interval corresponds to the most active phase of resorption and represents the ideal window for therapeutic evaluation (Yoon et al., 2023).
The use of the probiotic Lactobacillus fermentum BELF11 was also investigated. In mice with induced periodontitis, treatment with L. fermentum reduced mesial bone loss by 23.21% compared to untreated animals (p < 0.05). Micro-CT analysis revealed improvements in CEJ-ABC distance and inflammatory parameters, indicating its potential as an adjuvant therapy (Lee et al., 2024).
SOCS2 protein deficiency was associated with exacerbated bone loss induced by Aggregatibacter actinomycetemcomitans. Socs2−/− mice showed worse bone profiles, with reduced BMD, BV, BV/TV, and Tb.Th, and increased osteoclast numbers. These findings reinforce the role of SOCS2 as a negative modulator of inflammation and bone remodeling in periodontal disease (Santos et al., 2023).
Minocycline demonstrated efficacy in reducing bone loss in rats with experimental periodontitis. Micro-CT revealed a reduction in CEJ-ABC distance (from 1.1 mm to 0.93 mm; p < 0.05), increased trabecular thickness (Tb.Th), and improvement in BV/TV (from 60% to 76%; p = 0.01), indicating preservation of bone microarchitecture beyond the expected anti-inflammatory effect (Frazão et al., 2024).
Lastly, an innovative study proposed an automated bone quantification model using artificial intelligence. Based on a U-Net architecture, the system achieved 98% accuracy in segmenting bone and teeth, enabling efficient analysis of bone loss induced by periodontitis. Bone volume decreased from 0.87 mm³ to 0.50 mm³ on day 9, with partial recovery by day 14. Bone mineral density (BMD) also progressively declined, reinforcing the applicability of the model for large-scale analyses (Xi et al., 2024).
Collectively, the analyzed studies demonstrate the value of micro-computed tomography in assessing bone loss in experimental periodontitis models, as well as the complex interplay between metabolic, inflammatory, pharmacological, and genetic factors that modulate bone destruction. The diversity of therapeutic approaches reported contributes to the advancement of more effective strategies for controlling periodontitis.

4. DISCUSSION
The present review highlights the diversity of experimental approaches used to investigate alveolar bone loss associated with periodontitis, with emphasis on the application of micro-computed tomography as a structural analysis tool. In all reviewed studies, micro-CT proved to be a sensitive, reproducible, and highly informative method for three-dimensional quantification of bone parameters such as volume, mineral density, and trabecular thickness and separation. This reinforces its relevance as the gold standard in preclinical research focused on periodontal bone destruction (Naito et al., 1998; Bouxsein et al., 2010; Catunda et al., 2021).
The compiled data demonstrate that the progression of bone loss can be intensified by various systemic factors, such as metabolic syndrome and chronic stress, which interfere with the host inflammatory response and the effectiveness of pharmacological therapies such as aspirin and propranolol (De Rossi et al., 2024). Likewise, therapeutic interventions—including antibiotics such as minocycline, probiotics, photodynamic therapy, and immunomodulatory agents—showed promising results in preserving alveolar bone (Frazão et al., 2024). These findings suggest that systemic and local modulation of inflammation is crucial to limiting bone resorption, reinforcing the need for combined and personalized therapeutic strategies.
Another relevant aspect is the influence of genetic variability on susceptibility to bone loss, as observed in different murine strains (BALB/c versus C57BL/6) (Hernandez Martinez et al., 2023) and in models with specific genetic alterations (such as SOCS2-deficient mice) (Santos et al., 2023). These studies reveal that the host response to periodontal infection can vary significantly and that experimental models should be selected according to the specific scientific question, considering the inflammatory and bone profile of the animal strain used.
Despite these advances, certain methodological limitations should be acknowledged. In some cases, the effects of medications on bone tissue were not fully detectable using micro-CT, possibly due to concurrent reparative processes, as observed in animals treated with antipsychotics (Soares et al., 2023). Additionally, the majority of studies focus on short-term analyses, limiting assessment of the chronic progression and long-term regeneration of bone tissue (Yoon et al., 2023). Finally, the emerging potential of artificial intelligence as a tool for automating and standardizing microtomographic analysis is noteworthy (Xi et al., 2024). The development of deep-learning models, such as U-Net architectures, represents a significant advancement in experimental research, reducing analysis time and increasing data accuracy and reproducibility.
Complementary to the studies presented in the literature review, an ongoing study (Costa et al., 2025 – manuscript in preparation) evaluated bone loss in rats with ligature-induced periodontitis around the mandibular first molars. Hemimandibles were scanned using a micro-computed tomography (μCT) imaging system. The standardized region of interest (ROI) was defined in the sagittal orientation at the furcation area of the mandibular first molar, extending from the top of the furcation to the root apices. Microtomography revealed that systemic administration of dimethyl fumarate (DMF), a compound approved by the FDA for the treatment of multiple sclerosis and psoriasis, significantly preserved alveolar bone volume. Additionally, linear measurements from the cementoenamel junction (CEJ) to the alveolar bone crest in the distal region of the first molar and mesial region of the second molar showed that DMF, at doses of 50 and 150 mg/kg, significantly reduced this distance, indicating reduced bone loss (Figure 1).

Figure 1. Representative images of rat hemimandibles in different planes (axial, coronal, sagittal) and 3D analysis.
[image: Imagem em preto e branco]
Source: Costa et al., 2025

This integration between digital technology and biological experimentation opens new avenues for optimizing diagnostics and developing more effective and targeted therapies in the field of periodontology. Table 1 presents a summary of the main findings from the articles discussed in this review to facilitate understanding of the data presented.

Table 1. Summary of the literature review studies
	Study Title
	Experimental Model
	Intervention / Condition Studied
	Analytical Tool
	Main Findings
	Conclusion

	Metabolic syndrome promotes resistance to aspirin...
	Rats with MetS and ligature-induced periodontitis
	Acetylsalicylic acid (ASA)
	Micro-CT
	Aspirin reduces bone loss only in the absence of MetS
	MetS induces resistance to aspirin’s protective effect

	Hypericin-glucamine antimicrobial photodynamic therapy...
	Rats with periodontitis
	aPDT with hypericin-glucamine and LED
	Micro-CT and histometry
	Higher bone volume at 7 days with aPDT; LED alone superior at 15 days
	aPDT has early beneficial effects; LED alone shows late action

	Chronological analysis of periodontal bone loss...
	BALB/c and C57BL/6 mice
	P. gingivalis infection
	Micro-CT
	BALB/c showed earlier and more intense bone loss
	Bone-loss progression varies between strains; micro-CT detects temporal changes

	Systemic administration of propranolol reduces bone resorption...
	Rats with apical periodontitis and chronic stress
	Systemic propranolol
	Micro-CT
	Reduced lesion volume and area with propranolol
	Propranolol protects against the effects of chronic stress on resorption

	Atypical antipsychotics olanzapine and clozapine...
	Wistar female rats with periodontitis
	Olanzapine and clozapine
	Micro-CT and histology
	Apparent bone loss with no changes detected by micro-CT
	Remodeling may mask antipsychotic effects in micro-CT

	Temporal changes of periodontal tissue pathology...
	Mice with ligature-induced periodontitis
	Temporal analysis of bone loss
	Micro-CT and histology
	Peak bone loss between days 4 and 8
	Optimal evaluation window is between days 4 and 8 post-induction

	Lactobacillus fermentum attenuates the alveolar bone loss...
	Mice with ligature-induced periodontitis
	Treatment with L. fermentum BELF11
	Micro-CT
	Significant reduction of mesial bone loss (p < 0.05)
	Probiotic attenuates bone resorption and inflammation

	SOCS2 regulates alveolar bone loss...
	Socs2−/− and WT mice infected with Aa
	Genetic deficiency of SOCS2
	Micro-CT
	Greater bone loss in Socs2−/− with fewer inflammatory cytokines
	SOCS2 regulates osteoclastic activity and bone loss

	Minocycline reduces alveolar bone loss...
	Rats with ligature-induced periodontitis
	Minocycline treatment
	Micro-CT
	Reduction in CEJ-ABC, increased Tb.Th and BV/TV
	Minocycline preserves structure and reduces resorption

	A reliable deep-learning-based method for alveolar bone quantification.
	Mice with ligature-induced periodontitis
	Application of AI model (U-Net)
	Micro-CT with AI (Dragonfly)
	High accuracy (98%) in quantification; bone loss measurable up to day 14
	AI improves efficiency and reproducibility of bone-analysis workflows


[bookmark: _heading=h.yfpv4t7xavst]
For performing the various analyses used to assess bone loss, specific software and a sequence of steps are required:

[bookmark: _heading=h.qvow747y6ptv]Image reconstruction
After scanning, the file is not yet ready for analysis and must undergo a reconstruction process, which essentially consists of converting the raw data acquired during scanning into three-dimensional images representing the internal structure of the scanned sample. This step is essential to obtain interpretable and quantitative 3D images of the microstructure of the evaluated material or tissue. The NRecon software, for example, allows adjustments of crucial parameters to improve reconstruction quality (such as smoothing, ring artifact reduction, beam hardening correction, etc.). It also generates slice-based images (e.g., TIFFs) that can later be analyzed in other software (Figure 2).

Figure 2. Representative image of the NRecon software interface.
[image: Interface gráfica do usuário, Aplicativo]
Source: Personal Archive

[bookmark: _heading=h.is16yn1uzv3s]Orientation and standardization of images in the three planes
This is a preliminary step before quantitative analysis. The reconstructed transverse slices must be reoriented so that morphometric analysis can be standardized and reproducible across all experimental groups. The DataViewer software can be used during this step. In it, the sample is rotated along the three axes (X, Y, Z) to correctly position it, aligning anatomical reference structures in consistent planes. After proper orientation, a new set of reoriented images is exported (Figure 3).
Figure 3. Representative image of the DataViewer software interface showing axial, coronal, and sagittal planes.
[image: Interface gráfica do usuário]
Source: Personal Archive

[bookmark: _heading=h.mow7qhd7qkb]Determination of the region of interest (ROI) and 3D analysis
In this step, the region of interest (ROI) is defined. This region corresponds to the specific anatomical area or volume of the sample to be quantitatively analyzed and is essential to ensuring reproducibility, precision, and biological relevance of the data.
In CTAn software, for instance, the user can select the specific area to be analyzed (ROI) manually, automatically, or based on previous models. The user chooses the slice interval that composes the volume of interest, and ROI creation may be static (constant across all selected slices) or dynamic (adapting to tissue morphology in each slice). Additionally, thresholding tools are used to separate bone structures from soft tissue or voids.
Once the ROI is created, the software performs various three-dimensional analyses that quantify morphological properties of the tissue, generating a report with information such as:
· BV/TV (Bone Volume / Total Volume): ratio of bone volume to total volume within the ROI.
· Trabecular thickness, number, and separation.
· Total porosity: evaluation of total porosity within the bone structure.
· Connectivity density: a measure of the structural interconnection of trabeculae.
· Bone surface (BS), bone surface density (BS/TV) and other surface-related metrics (Figure 4).

Figure 4. Representative image of the CTAn interface showing ROI creation steps and threshold adjustments.
[image: Interface gráfica do usuário, Aplicativo]
Source: Personal Archive

[bookmark: _heading=h.3ohgrq2hn276]Generation of 3D images
Finally, three-dimensional images can be created for improved visualization of bone loss. The CTvox software, for example, enables the user to visualize the reconstructed 3D volume with free rotation, zoom, translation, virtual sectioning in different planes, and adjustment of opacity and color for different densities (Figure 5).

Figure 5. Representative 3D image (created in CTvox) of a rat hemimandible with ligature-induced periodontal disease.
[image: Imagem em preto e branco]
Source: Personal Archive

Table 2 presents a summary of the main analyses that can be performed using micro-computed tomography for the assessment of bone loss.

Table 2. Main analyses used for the assessment of bone loss using micro-computed tomography
	Description
	Indicators / Meaning
	Analysis

	Measures the volume of mineralized bone (BV) relative to the total volume (TV)
	Quantitatively assesses the loss of alveolar bone volume
	Bone Volume (BV) and BV/TV

	Distance between the cementoenamel junction (CEJ) and the alveolar bone crest (ABC)
	Evaluates marginal bone loss linearly
	Linear Bone Loss (LBL)

	Average thickness of the trabecular bone structures
	Assesses the integrity of trabecular microarchitecture
	Trabecular Thickness (Tb.Th)

	Number of trabeculae per unit length (mm)
	Reduction indicates bone rarefaction
	Trabecular Number (Tb.N)

	Average distance between trabeculae
	Increased values indicate bone degradation
	Trabecular Separation (Tb.Sp)

	Measures the interconnection among trabecular structures
	Reflects the tridimensional structural integrity of the bone
	Connectivity Density (Conn.D)

	Thickness of the alveolar cortical bone layer
	Reductions indicate cortical resorption associated with periodontitis
	Cortical Thickness (Ct.Th)



4. CONCLUSION
The analysis of the reviewed studies highlights the fundamental role of micro–computed tomography as a highly valuable tool for assessing alveolar bone loss in experimental models of periodontitis. This technology offers significant advantages in terms of accuracy, reproducibility, and three-dimensional detail, contributing to a deeper understanding of bone resorption dynamics and the response to different therapeutic interventions.
Several factors were identified as influencing disease severity and treatment outcomes, including comorbidities such as metabolic syndrome, chronic stress, the use of medications such as antipsychotics and antibiotics, as well as genetic susceptibility and the oral microbiome. Interventions such as probiotics, photodynamic therapy, anti-inflammatory agents, and immunomodulatory drugs showed promising results in attenuating bone resorption, although their effects vary according to the experimental model and the systemic conditions involved. Additionally, the incorporation of artificial intelligence tools—such as deep learning algorithms applied to automated micro-CT image analysis—represents a methodological advancement capable of accelerating and standardizing large-scale assessments with high precision.
Taken together, the findings compiled here reinforce the importance of micro–computed tomography in the field of experimental periodontal research and suggest promising pathways for the development of new diagnostic and therapeutic approaches. Further investigations may ultimately contribute to more effective and personalized clinical strategies for the treatment of periodontitis.
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