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Abstract

Introduction: Diabetes mellitus negatively influences oral health, significantly contributing
to the worsening of odonto-periodontal pathology. Accurate diagnosis and monitoring of
lesions are essential to prevent complications. CBCT (cone beam computed tomography)
provides a detailed image of bone structures, being a valuable tool in this context. Materials
and methods: Thisprospective observational comparative study included 120 patients with
chronic periodontitis, divided into two equal groups: 60 with type 2 diabetes mellitus and
60 without systemic diseases. All were examined clinically and radiologically using high-
resolution CBCT. Results: Diabetic patients presented a significantly higher mean bone
loss (4.7 mm) compared to the non-diabetic patients (3.0 mm). Periodontal pockets >5 mm
were more frequent in the diabetic group (75% vs. 50%). CBCT revealed vertical defects
and extensive periapical lesions especially in patients with diabetes. Three-dimensional
imaging allowed for detailed assessment and clear differentiation between the severity
of cases. Conclusions: CBCT is essential in the early identification and evaluation of
periodontal disease in diabetic patients. The use of this method significantly contributes to
the correlation of clinical and imaging data, optimizing the diagnosis and treatment plan.

Keywords: CBCT; radiology; risk factors; diagnosis; diabetes mellitus

1. Introduction
Diabetes mellitus is a metabolic disorder that leads to irreversible degenerative lesions

throughout the body, affecting various systems, including the odonto-periodontal unit. This
area is one of the most affected by diabetes, which aggravates dental caries and periodontal
disease, often leading to tooth loss, arch displacement, and various forms of edentulism [1].
Although diabetes can occur at any age, its prevalence has increased significantly in recent
decades [2]. The diagnosis of diabetes is based on the identification of a combination of
systemic and oral symptoms, such as gingivitis, periodontitis, recurrent fungal infections
of the oral cavity, and delayed wound healing [2,3]. Although there are several general
diseases that can influence the occurrence of edentulism, diabetes predominantly affects
the rate of loss of odonto-periodontal units and deterioration of the prosthetic field. Un-
derstanding these changes is critical, as they have a direct impact on the prognosis of
prosthetic treatments [4]. Patients with diabetes require careful preparation to minimize
postoperative complications and maintain optimal metabolic balance. The goal of therapy is
to promote oral health, as well as to help detect and prevent diabetes early through routine
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dental care, and to improve the quality of life of people affected by this chronic disease. To
prevent serious oral complications caused by diabetes, early diagnosis and appropriate
treatment of both diabetes and associated dental problems are essentialwhich plays a key
role in establishing a correct diagnosis. It allows the dentist to observe details that cannot
be revealed by a clinical examination and plays a critical role in identifying conditions,
lesions, or other problems that are not directly visible. Interpretation refers to the analysis
of the radiographic image, while diagnosis refers to the identification of a disease based
on this examination and other examinations [5]. Periodontal disease encompasses several
conditions that affect the health of the tissues surrounding the teeth [6,7]. Both detailed
clinical and radiographic investigations are necessary to correctly diagnose and evaluate
periodontal disease [8,9]. X-rays help the dentist determine the extent of alveolar bone
loss, a common complication of periodontal disease. Today, modern dental radiodiagnostic
techniques have evolved significantly, improving the accuracy of diagnosis and treatment
of dental conditions. In addition to traditional methods, such as intraoral and extraoral
radiographs, advanced techniques are used to provide a detailed three-dimensional visual-
ization of dental and jaw structures [8–10]. One of these techniques is cone beam computed
tomography (CBCT), which provides high-resolution 3D images of the bones and tissues
around the teeth. CBCT provides more detailed images than panoramic radiographs, with
the advantage of being able to visualize bone abnormalities and internal structures of the
jaw in detail. This technique is useful in planning orthodontic and implant treatment and
in evaluating more complex conditions, such as tumors or cysts [11]. Another advanced
technique is magnetic resonance imaging (MRI), which provides a precise assessment of
soft tissues, such as gums and ligaments. MRI does not use ionizing radiation, making it a
safer option for patients, especially in cases that require continuous monitoring of soft tissue
conditions, such as advanced periodontal disease or temporomandibular joint disorders
Another important step in dental radiology is the integration of artificial intelligence and
machine learning for the processing and analysis of radiographic images [12–14]. These
technologies enable automated diagnosis and detection of subtle abnormalities that might
be missed by the human eye. Artificial intelligence algorithms are used to analyze dental
radiographs and quickly detect cavities, fractures, or signs of periodontal disease, increas-
ing the efficiency and accuracy of diagnosis. In addition, traditional film radiography has
gradually been replaced by digital radiography technology [15]. Digital radiographs are
faster and require much less radiation, and the images can be viewed immediately on a
screen, facilitating diagnosis and treatment planning. These digital images can also be
easily stored and shared between specialists. Although dental radiographs are commonly
used in dental practice, they can no longer be considered routine or screening investigations.
Any radiation exposure, even at low doses of ionizing radiation, must be carefully justi-
fied and optimized, and radiological imaging data must be carefully evaluated to ensure
a correct diagnosis. All these modern techniques contribute significantly to improving
the accuracy of dental diagnosis, reducing the risks associated with radiation exposure,
and allowing for faster and more effective treatment of patients. Their integrated use in
dental practice facilitates a complete diagnosis and personalization of treatments for each
individual patient [16,17]. Clinical signs of periodontal damage can occur at any age, but
it is extremely rare to find evidence of a periodontitis-resistant population. Periodontal
disease is a destructive inflammatory condition whose primary etiologic factor, in addition
to numerous other local and general contributing causes, is bacterial plaque. It can occur in
various forms, ranging from tissue damage to destruction of the periodontium, which in
some cases can even lead to tooth loss. Periodontal pathology is characterized by gingivitis,
periodontitis, and periodontal manifestations caused by various systemic problems. Its
course and manifestations vary according to each form [18]. Irritating and functional
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factors influence the general state of the organism, modify its defensive capacity, and even
if they do not initiate the destructive process, they accelerate its progress and the rate of
tissue destruction. Bacterial plaque is the main etiologic agent, but systemic and local
factors that may modify the response of periodontal tissues to plaque accumulation can be
identified by anamnesis and rigorous clinical examination [19]. Numerous systemic risk
factors can influence the effect of the bacterial plaque on the host, and the balance between
the micro-organisms and the organism is influenced by environmental and genetic factors.
Systemic factors that can have an impact on periodontal disease include cardiovascular
disease, diabetes, endocrine disorders, obesity, metabolic diseases, as well as some digestive
and kidney diseases. Diabetes mellitus has a significant impact on periodontal disease and
is considered one of the most important systemic risk factors. Patients with diabetes are at
increased risk of developing periodontitis, and this relationship is bidirectional: diabetes
favors the progression of periodontal disease, and periodontal inflammation can worsen
glycemic control [20]. Patients with poorly controlled diabetes have more severe forms
of periodontitis, and chronic periodontal inflammation can increase insulin resistance,
complicating diabetes management. Therefore, interdisciplinary collaboration between
dentists and diabetologists is essential for effective prevention and treatment of both con-
ditions. Studies show that patients with diabetes who receive periodontal therapy have
a reduction in glycosylated hemoglobin (HbA1c) of up to 0.4–0.6%, similar to the effect
of some antidiabetic medications [21,22]. In the evaluation and diagnosis of periodontal
disease in patients with diabetes mellitus, the use of modern radiodiagnostic techniques is
essential to determine the degree of damage to the periodontal structures and to establish
an appropriate therapeutic plan [23]. Today, multiple intraoral and extraoral imaging meth-
ods are available, each with specific advantages and limitations. Two-dimensional intraoral
radiography is the gold standard for detailed visualization of periodontal structures, as
it provides high-resolution images of bone levels and of any morphologic changes. In
certain situations, extraoral panoramic radiography may be used as an alternative for a
general assessment of the dental arches and jaw structures. However, this method has
significant drawbacks, including image distortion and overlapping anatomical structures,
which limits the accuracy of diagnosis in advanced periodontal diseases. An essential
aspect of periodontal imaging is the accurate representation of bone loss and resorption de-
fects. Traditionally, accurate detection of bone defects is only possible by direct examination
during surgery. This is due to the limitations of conventional radiographs, which transform
the three-dimensional information of the bone into a two-dimensional projection, thus re-
ducing the diagnostic value and potential for therapeutic planning. In this context, modern
radiodiagnostic techniques, such as conebeam computed tomography (CBCT), play a cru-
cial role in the diagnosis of diabetic patients by providing an accurate spatial representation
of the alveolar bone [24–26]. This allows a detailed and with no distortion visualization of
periodontal structures, thus facilitating therapeutic decisions and improving the accuracy
of long-term prognostic estimates of affected teeth. Therefore, CBCT is an essential step
in the management of patients with diabetes and periodontal disease [27]. It provides
a detailed picture of bone status, helps detect complications early, and allows for more
effective and personalized treatment. Several studies have shown that CBCT allows a more
accurate assessment of bone loss and complex periodontal defects [28,29]. For example, a
study by Walter et al. (2016) showed that CBCT has higher sensitivity and specificity in
detecting vertical bone defects and bone resorption compared to periapical radiographs [30].
Also, a systematic review by Qian et al. (2022) highlighted that CBCT images significantly
improve the accuracy of measuring interproximal bone loss and intra-osseous defects,
providing relevant information for therapeutic decisions [31]. However, the use of CBCT
in the assessment of periodontal disease is not without controversy. Increased radiation
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exposure is a major concern, especially compared to conventional intraoral X-rays, which
require a lower dose of ionizing radiation. Therefore, the clinical benefits must be carefully
weighed against the associated risks before its use in routine practice [32].

2. Materials and Methods
2.1. Subject Recruitment

The subjects included in this research were individuals selected to participate in
a clinical study that aimed to evaluate the impact of diabetes mellitus on periodontal
pathology, with an emphasis on the importance of radiological examination in this category
of patients.

In the initial selection phase, 275 patients were evaluated, of which only 120 were
considered eligible to participate in the study. The selection was based on the application
of strict inclusion and exclusion criteria, to ensure the homogeneity and relevance of
the sample.

Inclusion criteria:

• Age between 26 and 70 years;
• Presence of type 2 diabetes mellitus, clinically diagnosed for at least 2 years (for the

test group);
• Patients without diabetes mellitus, with good general status (for the non-diabetic group);
• Presence of at least 20 teeth per arch;
• Availability to participate in periodic check-ups and radiological investigations;
• Signing the informed consent for participation in the study.

Exclusion criteria:

• Type 1 diabetes or other rare forms of diabetes;
• Patients with serious systemic diseases;
• Recent treatment with antibiotics, anti-inflammatories, or corticosteroids (in the last

3 months);
• Active smoking or excessive alcohol consumption;
• Patients who have recently received periodontal treatment (in the last 6 months);
• Pregnancy or breastfeeding;
• Refusal to participate or inability to sign the informed consent.

Based on these criteria, eligible patients were divided into two distinct groups:

• Diabetic group: patients clinically diagnosed with type 2 diabetes mellitus, with a
disease course of at least two years, without other severe systemic diseases;

• Non-diabetic group: patients without diabetes mellitus, with a good general health
status and without major systemic diseases.

This division was made to allow the comparative evaluation of periodontal pathology
in the presence and absence of diabetes mellitus, as well as to investigate the influence of
this metabolic disease on the alveolar bone structure.

The study aimed to identify and analyzeodonto-periodontal pathology in diabetic
patients, emphasizing the value of CBCT (Cone Beam Computed Tomography) technology
in the diagnosis of this condition. Participants underwent a detailed clinical examina-
tion using standardized periodontal indices, as well as high-resolution three-dimensional
imaging investigations by CBCT. This technology allowed the assessment of alveolar bone
height and thickness, essential in identifying periodontal defects and planning treatment.

2.2. Clinical and Radiological Analysis

To assess the general and oral health of participants in the two research groups, they
completed a personalized questionnaire divided into two sections: general health and oral
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health. A comprehensive diagnosis included a detailed clinical examination documented
with a personalized form numerically correlated to the questionnaire responses, facilitating
statistical analysis. CBCT images and clinical results were analyzed by a multidisciplinary
team of two dentists and a radiologist. Each CBCT scan was independently reviewed by
the dentists, and discrepancies were resolved by consensus to ensure diagnostic accuracy.
All patients underwent CBCT imaging using aPaX-i3D device, which provides high-quality
3D images with four selectable fields of view (FOVs), ranging from 5 × 5 cm to 12 × 9 cm.
For this study, the 12 × 9 cm FOV highlighted in Figure 1 was used, offering comprehen-
sive coverage of maxillary and mandibular structures, including the wisdom tooth area,
ideal for detailed assessment of bone and periodontal lesions. The equipment was pro-
vided by Samsung, headquartered at 13, Samsung 1-ro 2-gil, Hwaseong-si, Gyeonggi-do,
18449, Korea

 

Figure 1. Representative image of the 12 × 9 cm field of view (FOV) obtained through CBCT.

The estimated effective radiation dose ranged from 150 to 250 µSv, higher than con-
ventional radiographs but significantly lower than medical CT scans. This FOV choice
was justified by the need for detailed evaluation of bone structures in the context of dia-
betes mellitus. While traditional periodontal probing is useful, it lacks three-dimensional
information critical for a complete diagnosis of bone defects. CBCT enabled establishing a
detailed baseline for long-term monitoring and optimized treatment planning, particularly
important for diabetic patients who often present with more severe and complex pathology.

Thus, CBCT provided a comprehensive view of bone status and disease progression,
significantly contributing to therapeutic decisions and patient monitoring.

Findings were meticulously recorded and correlated with each patient’s questionnaire
and clinical examination form.

2.3. Statistical Analyses

The data arepresented as frequencies and percentages for categorical variables, while
mean (M), standard deviation (SD), and minimum/maximum values are provided for
continuous variables. A p-value < 0.05 was deemed statistically significant. All analyses
were performed using GraphPad Prism version 10.

3. Results
3.1. Patients’ Profile

The study included 120 subjects, organized according to several criteria. In the diabetic
group we have 60 subjects and the gender distribution was equal, with 50% women and
50% men.
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In terms of origin, the majority of subjects (60%) came from urban areas, and the
remaining 40% from rural areas. The distribution by age group was varied, with the
largest category being those aged between 51 and 60 years, representing 43.33% of the total,
followed by the 41–50 group with 21.66%, and the over-61 category with 20%. The other
age groups were less represented.

In the non-diabetic group, also composed of 60 people, the gender distribution was
balanced, with 50% women and 50% men. Unlike the diabetic group, the majority of
subjects came from rural areas, representing 70%, and 30% were from urban areas. In
terms of age, the highest proportion was recorded in the 51–60 years category (40%),
followed by the 41–50 years group (21.66%) and the over-61-years group (18.33%). The
31–40 and 26–30 years categories were represented in smaller proportions, 13.33% and
6.66%, respectively.

This structure provides a clear perspective on the distribution of subjects according
to sex, origin, and age, thus allowing a detailed and comparative analysis between the
diabetic and non-diabetic groups.

3.2. Data Analysis

In the context of this large study, an academic approach requires a reinterpretation
of the results to draw a comprehensive picture. Given the significant volume of data and
results obtained, we chose to highlight the most relevant findings, following a rigorous
selection method. These key results are presented in detail, and their analysis and interpre-
tation are supported by arguments and theoretical context. However, it is important to note
that the study also includes other important findings, which are discussed in the Discussion
Section. There, alternative approaches, methodological limitations, and implications of
these less highlighted results are examined and analyzed in depth, contributing to a broader
and more complete understanding of the study area.

There is a significant difference between the two groups in terms of the total number
of teeth, with the non-diabetic group having a higher number of teeth present per arch
(22.70 versus 18.25) as highlighted in Table 1. This difference is statistically significant,
with a p-value < 0.0001. Regarding root remnants, there is also an important difference
between the two groups. The non-diabetic group recorded a lower number of root rem-
nants (2.383 versus 3.333), so although the difference is not too large, it is statistically
significant (p = 0.0323). Regarding the number of intact teeth, the non-diabetic group had a
significantly higher number of integrated teeth (12.12 versus 6.233), the difference being
statistically significant (p < 0.0001). However, the differences in the number of impacted
teeth were not statistically significant, with a p-value of 0.6108, indicating that this char-
acteristic did not vary significantly between groups. Thus, the results suggest that the
non-diabetic group has a higher number of total teeth, more intact teeth, and fewer root
remnants compared to the diabetic group, but the differences in terms of impacted teeth
are not significant.

When analyzing the total number of fillings, the diabetic group presents a signifi-
cantly higher number of fillings compared to the non-diabetic group, the difference being
3933 versus 3000, with a p-value of 0.0088, indicating a statistically significant difference
and suggesting that this difference cannot be attributed to chance and is highlighted in
Table 2. Regarding the maxilla, the difference is significant, as the diabetic group presented
a higher number of fillings (2167 vs. 1783). The p-value is 0.0355, indicating that the
differences observed between the two groups are statistically significant. In the mandible,
the difference is also considerable, with the diabetic group having 1767 fillings compared to
1217 in the non-diabetic group. The p-value is 0.0094, thus confirming that the difference is
statistically significant. In terms of the total number of caries, the diabetic group presented



Appl. Sci. 2025, 15, 9238 7 of 20

a significantly higher number of caries compared to the non-diabetic group, 6167 versus
5433, and the difference was statistically significant with a p-value of 0.0376. This suggests
that the observed difference was not random. The differences in the number of treated
caries were also significant, with the diabetic group having 3933 treated caries compared
to 2967 in the non-diabetic group, with a p-value of 0.0061, indicating that the second
group had a significantly higher number of treated caries. In contrast, the differences in
the number of untreated caries were not significant, with a p-value of 0.1137, suggesting
that the differences between the two groups are not statistically significant. In conclusion,
our results indicate that the diabetic group has a significantly higher number of fillings
and a significantly higher number of treated caries compared to the non-diabetic group,
both in the entire dental arch and in the maxilla and mandible. However, the differences in
the number of untreated caries are not statistically significant. Despite a higher number of
caries, these differences suggest a greater tendency to treat caries in the diabetic group.

Table 1. Analysis of the teeth present on the arch.

Number of Teeth Present on the Arch Diabetic Group Non-Diabetic Group p Value

Total 18.25 22.70 <0.0001
Root debris 3.333 2.383 0.0323

Intact 6.233 12.12 <0.0001
Included 0.633 0.7833 0.6108

Table 2. Analysis of the number of fillings and carious processes.

Diabetic Group Non-Diabetic Group p Value

Number of fillings
Total 3.933 3.000 0.0088
The maxilla 2.167 1.783 0.0355
The mandible 1.767 1.217 0.0094

Number of carious
processes

Total 6.167 5.433 0.0376
Treated 3.933 2.967 0.0061
Untreated 2.233 2.517 0.1137

Table 3 presents gingival recession data measured in millimeters comparing two spe-
cific tooth locations: incisors and molars. The results of the analysis highlight a statistically
significant difference in the degree of gingival retraction between patients in the diabetic
group and those in the non-diabetic group, both at the level of incisors and molars.

Table 3. Gingival recession analysis.

Gingival Recession Diabetic Group Non-Diabetic Group p Value

incisors 2.250 0.7333 <0.0001
molars 1.950 0.4833 <0.0001

At the level of incisors, diabetic patients presented a mean gingival retraction of
2250 mm, while non-diabetic patients had a significantly lower value of only 0.7333 mm.
The difference is highly statistically significant, with a p-value < 0.0001, indicating that
this variation cannot be attributed to chance and reflects a real influence of diabetes on
periodontal condition.
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Regarding molars, a similar trend was observed. The diabetic group recorded a mean
gingival recession of 1950 mm, compared to only 0.4833 mm in the non-diabetic group, and
in this case, the difference is very statistically significant, with p < 0.0001.

These results support the hypothesis that diabetes mellitus contributes to a more
pronounced damage to the periodontium, favoring the appearance and progression of
gingival retraction, both in the anterior (incisors) and posterior (molars) areas.

The values presented in Table 4 reflect the comparative analysis of the periodontal
space at the maxilla and mandible level which highlighted statistically significant dif-
ferences between the diabetic and non-diabetic groups. At the maxilla level, patients in
the diabetic group presented a mean periodontal space widening of 1900 mm, while the
non-diabetic group had a much lower mean value of 0.450 mm. The difference is highly
statistically significant, with a p value < 0.0001, indicating a clear association between the
presence of diabetes and periodontal structural changes. At the mandible level, the trend
is maintained: the diabetic group had a mean widening of 1983 mm, compared to only
0.550 mm in the non-diabetic group. This difference is also highly statistically significant
(p < 0.0001). These data suggest that diabetes mellitus contributes to radiological changes
in the periodontium, reflected by periodontal space widening, a sign frequently associated
with chronic inflammation and periodontal attachment loss. This widening may indicate
deeper periodontal ligament damage and is a radiological indicator of periodontal disease
progression in diabetic patients.

Table 4. Periodontal space analysis.

Widening of the Periodontal Space Diabetic Group Non-Diabetic Group p Value

maxillary 1.900 0.450 <0.0001
mandible 1.983 0.550 <0.0001

Regarding the total periodontal pockets, Table 5 shows that the diabetic group has
a mean value of 5.667 with a standard deviation of 2.152, while the non-diabetic group
has a mean value of 1.017 with a standard deviation of 1.017. The difference between the
two groups is statistically significant, with a p-value < 0.0001, suggesting a much higher
prevalence of periodontal pockets in the diabetic group compared to the non-diabetic group.

Table 5. Analysis of the average number of periodontal pockets.

Number of Periodontal Pockets Diabetic Group Non-Diabetic Group p Value

Total 5.667 1.017 <0.0001
maxillary 2.550 0.433 <0.0001

mandibula 3.20 0.5833 <0.0001

At the maxillary level, the diabetic group has a mean value of 2.550 with a standard
deviation of 1.096, and the non-diabetic group has a mean value of 0.433 with a standard
deviation of 0.5928. The difference is statistically significant (p < 0.0001), indicating a much
higher prevalence of maxillary periodontal pockets in the diabetic group. Regarding the
mandible, the diabetic group has a mean of 3.20 and a standard deviation of 1.505, while the
non-diabetic group has a mean of 0.5833 and a standard deviation of 0.6455. The difference
is also statistically significant, with a p-value < 0.0001, indicating a significantly higher
prevalence of periodontal pockets in the mandible in the diabetic group compared to the
non-diabetic group.

Our results indicate that the diabetic group has a significantly higher number of
periodontal pockets in both the total dental arch and the maxilla and mandible compared
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to the non-diabetic group. These statistically significant differences probably reflect poorer
periodontal health in the diabetic group.

Analysis of the data in Tables 6 and 7 highlights significant differences between the dia-
betic and non-diabetic groups in terms of periodontal pocket depth in the maxilla, mandible,
incisors and molars. In the maxilla, the mean periodontal pocket depth was 3.433 mm in the
diabetic group, compared to 0.4667 mm in the non-diabetic group (p < 0.0001), and in the
mandible, the values were 3.417 mm and 0.6333 mm, respectively (p < 0.0001), indicating a
much more severe periodontal involvement in diabetic patients.

Table 6. Average depth analysis of maxillary and mandibular periodontal pockets.

Depth of Periodontal Pockets Diabetic Group Non-Diabetic Group p Value

maxillary 3.433 0.4667 <0.0001
mandibular 3.417 0.6333 <0.0001

Table 7. Average depth analysis of periodontal pockets in incisors and molars.

Depth of Periodontal Pockets Diabetic Group Non-Diabetic Group p Value

incisors 2.433 0.4833 <0.0001
molars 3.750 0.6833 <0.0001

At the level of the incisors, the diabetic group presented a mean depth of 2.433 mm,
compared to 0.4833 mm in the non-diabetic group (p < 0.0001), and at the level of the
molars, the differences were even more pronounced (3.750 mm vs. 0.6833 mm, p < 0.0001).
These results confirm an increased prevalence and severity of periodontal disease among
diabetic patients, suggesting a significant impact of diabetes on periodontal health. The
statistically significant difference (p < 0.0001) confirms a significantly greater deepening
of the periodontal pockets in the diabetic group compared to the non-diabetic group,
indicating a significantly more severe periodontal involvement of the molars. The analyzed
data, presented in Tables 6 and 7, highlight the fact that the diabetic group presented
significantly deeper periodontal pockets in the maxilla, mandible, incisors, and molars
than the non-diabetic group. These statistically significant differences indicate a higher
prevalence of periodontal disease in the diabetic group, with a more severe impact on
periodontal health.

The analysis of bone thickness in the maxilla and mandible provides a clear picture of
the periodontal health status of the two groups and is an important indicator of bone loss
associated with periodontal disease. The results analyzed in Table 8 suggest a significant
impact on bone health in the diabetic group compared to the non-diabetic group, with
clear and significant statistical differences (p < 0.0001). In the maxilla, the bone thickness
in the region of the first molar, both on the right and left sides, is significantly lower in
the diabetic group compared to the non-diabetic group. The analysis of the results shows,
on the right side, that the bone thickness in the diabetic group is 9.8 mm, while in the
non-diabetic group it is 18.67 mm. In the mandible, the differences are even more evident
on the right side (diabetes: 17.43 mm, non-diabetes: 34.70 mm). This significant decrease in
bone thickness is likely associated with the progression of severe periodontal disease, and
diabetes may contribute to accelerated bone resorption through its impact on inflammation
and tissue regeneration capacity.

We have highlighted in Figure 2A,B the thickness of the mandibular bone at the level
of the first molar, both on the right side (A) and on the left side (B), comparing the diabetic
group with the non-diabetic one. It is observed that the bone thickness is significantly
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lower in the diabetic group on both sides, indicating a pronounced bone loss in this group
of patients, characteristic of periodontal damage associated with diabetes. Figure 3A,B
shows the thickness of the maxillary bone at the level of the first molar on the right (A) and
left (B) sides. As in the mandible, the diabetic group presented a reduced bone thickness
compared to the non-diabetic group, suggesting a systemic impairment of bone density in
patients with diabetes, regardless of the maxillofacial area analyzed. Figure 4 provides a
general comparison between the bone thickness on both sides of the maxilla and mandible
in the two groups. A significant reduction in bone thickness in the diabetic group is clearly
evident in all regions analyzed, supporting the hypothesis that diabetes mellitus has a
generalized negative impact on bone integrity in the oral cavity.

Table 8. Analysis of the first molar bone thickness.

Diabetic Group Non-Diabetic Group p Value

Jaw bone thickness
M6 right 9.8 18.67 <0.0001
Nasal spine 15 21.38 <0.0001
M6 left 11.53 16.02 <0.0001

Mandibular bone thickness
M6 right 17.43 34.70 <0.0001
Median line 12.42 38.03 <0.0001
M6 left 23.67 37.68 <0.0001
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4. Discussion
The results of this study are consistent with the current level of research in periodontal

imaging. The literature on the use of cone beam computed tomography (CBCT) in this
context is limited, consisting mostly of in vitro studies and few in vivo studies [33]. The
importance of using CBCT becomes even more evident in patients with diabetes mellitus,
who are at increased risk of rapid periodontal disease progression and enhanced bone
resorption. In these patients, poor glycemic control may worsen periodontal inflammation,
accelerating the destruction of the supporting tissues of the tooth [34]. CBCT allows a
detailed visualization of bone structures and the degree of periodontal damage, facilitating
a more accurate diagnosis and a personalized treatment plan [35,36]. In addition, regular
monitoring through CBCT of these patients can contribute to the early identification of
pathological changes, thus improving the prognosis and the effectiveness of the applied
treatments [37–40].

Existing studies confirm that diabetes mellitus and periodontal disease are major
factors contributing to tooth loss, thus significantly affecting patients’ oral health. Diabetic
patients have an increased risk of periodontal infections, leading to a reduction in the
number of teeth present in the arch compared to people without diabetes [41].

The results of our study indicate significant differences between subjects in the diabetic
group and those in the non-diabetic group. Diabetic patients have fewer teeth present per
arch and more root remnants, suggesting a more advanced degree of dental decay. They
also have significantly fewer intact teeth, reflecting the negative impact of diabetes on oral
health. However, there were no significant differences in impacted teeth, suggesting that
this characteristic is not directly influenced by diabetes or periodontal disease.

These findings are consistent with the literature, which emphasizes the impact of
diabetes on oral health and the need for rigorous monitoring of these patients (Mealey
& Ocampo, 2007) [42]. Tooth loss among diabetic patients may be associated with both
chronic inflammatory processes and a reduced capacity for tissue regeneration (Preshaw
et al., 2012) [43]. Also, recent studies suggest that patients with poorly controlled diabetes
are at two to three times higher risk of developing severe periodontitis, implicitly leading
to a higher rate of tooth loss (Chapple et al., 2014) [44].

A meta-analysis by Borgnakke (2019) demonstrated that diabetic patients are sig-
nificantly more likely to have fewer teeth present in the arch and periodontal disease
progression is faster in these patients [45]. Other research emphasizes that intensive peri-
odontal treatment may improve glycemic control and thus contribute to the maintenance
of more teeth (Simpson et al., 2015) [46].

Existing studies show a strong link between diabetes and oral health, particularly in
terms of the incidence of tooth decay and the need for fillings. Patients with type 2 diabetes
often have an increased risk of oral diseases, including dental caries and periodontal disease,
compared to people without diabetes. A study by Wagner (2020) included patients with
type 2 diabetes mellitus and non-diabetic patients, all with partial or total edentulism [47].
The results showed that diabetic patients had mean blood glucose values twice as high
as those of non-diabetic patients, and that longer disease duration was associated with
a greater degree of edentulism. Although the study did not provide specific data on the
number of cavities or fillings, the presence of edentulism and high glycemic values suggests
a link between diabetes and compromised oral health (Wagner, 2020) [47].

In terms of the total number of fillings, the diabetic group had significantly more
fillings compared to the non-diabetic group, the difference being statistically significant
(p < 0.05). This is consistent with the findings of Chapple and Genco (2013) [48], who
highlighted that patients with diabetes are at increased risk of tooth loss and require more
restorative interventions. In the maxilla and mandible, the significant differences observed
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between the two groups may be explained by the systemic effects of diabetes on oral tissues.
However, the differences in the number of untreated caries were not statistically significant,
suggesting that access to treatment and oral care behaviors may have a major impact on
dental health in these patients [48].

Another study analyzed the effect of age and menopause on oral health in women and
found that the number of caries increased with age, and after the onset of menopause, the
number of missing teeth and periodontal pockets greater than 5 mm increased (Blidaru
et al., 2021 [49]). Although this study did not directly analyze diabetic patients, hormonal
changes and aging may affect oral health in a manner similar to the effects observed in
patients with diabetes [49].

In conclusion, our results indicate that the diabetic group has a significantly higher
number of fillings and a significantly higher number of treated caries compared to the
non-diabetic group, both across the entire dental arch and specifically in the maxilla and
mandible. However, the differences in the number of untreated caries are not statistically
significant. These differences suggest a greater tendency toward caries treatment in the
diabetic group, despite a higher overall number of caries, supporting previous findings
that glycemic control and oral hygiene are essential for preventing dental complications in
patients with diabetes mellitus.

Gingival recession is an important indicator of periodontal health. Its analysis can
provide valuable information about the impact of periodontal disease, especially in patients
with diabetes. Studies show that patients with diabetes have a higher prevalence of gingival
recession, which may be explained by chronic inflammation and microvascular changes
specific to this condition.

In our analysis, we compared gingival recession in two specific tooth locations: incisors
and molars. The results presented in Table 3 show that patients in the diabetic group have
significantly higher values of gingival retraction than the non-diabetic group, the difference
being statistically significant. These findings are consistent with the results of other studies,
which have demonstrated a direct correlation between diabetes mellitus and the severity of
periodontal disease, including gingival recession.

We can conclude that patients in the diabetic group have more significant gingival re-
cession in both incisors and molars, compared to the non-diabetic group. All the differences
observed are statistically significant, suggesting that these variations are not random, but
may reflect a real impact of diabetes on gingival health. These results support the impor-
tance of interdisciplinary management of patients with diabetes mellitus and periodontal
disease, with collaboration between dentists and diabetologists for the effective prevention
and control of periodontal disease.

Previous studies show a significant link between diabetes and periodontal health, and
recent research data are relevant for the interpretation of our results. For example, the study
by Sánchez and de Oliveira (2020) [50] emphasizes that glycemic control plays a crucial
role in periodontal disease progression. According to them, patients with poorly controlled
diabetes are predisposed to a more severe form of periodontitis and may show widening of
the periodontal space as a sign of disease progression. This observation is consistent with
the results of our study, in which we identified a significant widening of the periodontal
space in the diabetic group compared to the non-diabetic group, indicating a direct link
between diabetes and periodontal changes [50].

In addition, Sun et al. (2014) [51] conducted a systematic review emphasizing that
periodontal treatments can improve glycemic control in patients with type 2 diabetes. These
results suggest that periodontal interventions may not only contribute to improving gingi-
val health, but also to reducing HbA1c levels.Our data support this theory, as widening of
the periodontal space is an indicator of periodontal disease progression and may indirectly
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influence glycemic control in patients. Therefore, effective periodontal treatments may
have a significant role in the prevention and treatment of gingival complications and may
contribute to improve diabetes management [51].

The study by Nervi, Lancellotti, and Di Carlo (2019) [52] emphasizes that periodontal
disease may be a risk factor for diabetic complications and periodontal changes may worsen
the overall condition of diabetic patients. This is an important aspect that correlates with
our observations on periodontal space widening and its impact on gingival health in
patients with diabetes. Widening of the periodontal space may signal chronic inflammation,
which in patients with diabetes can worsen glycemic control and increase the risk of
complications [52].

In another study by Teshome and Yitayeh periodontal treatment was found to have a
positive effect on glycemic control in patients with diabetes. They observed a significant
reduction in HbA1c levels after periodontal treatments. These findings are important
in the context of our study because they suggest that periodontal interventions not only
improve gingival health, but may also influence glycemic control, which could help prevent
complications of diabetes [53].

Our data, presented in Table 4, are consistent with these studies showing a strong
association between periodontal health and diabetes. Periodontal space widening, which
may be a sign of periodontal disease progression, is more pronounced in patients with
diabetes. Poor glycemic control can also exacerbate periodontal changes and contribute
to their severity. Therefore, it is essential that periodontal treatment be integrated into the
management of patients with diabetes, as it has a significant impact on gingival health.

These studies suggest that appropriate monitoring and treatment of periodontal
disease is essential in the prevention and management of diabetes, and that optimal
glycemic control may help prevent the progression of periodontal disease and improve the
patient’s overall health.

Our study investigated the prevalence and severity of periodontal pockets in patients
with diabetes compared to a non-diabetic group. The results presented in Table 5 revealed
significant differences between the two groups, indicating a much poorer periodontal
health status in the diabetic patient group. In particular, the diabetic group presented
significantly more periodontal pockets both throughout the dental arch and at the maxilla
and mandible level, compared to the non-diabetic group. The differences observed were
statistically significant, with p-values < 0.0001, suggesting that periodontal disease is more
prevalent and severe in patients with diabetes. These findings align with numerous studies
in the literature emphasizing the close link between diabetes and periodontal disease. For
example, a study by Preshaw etal. (2012) highlighted the fact that patients with diabetes,
particularly those with poor glycemic control, are more prone to the development of
periodontal disease due to the immune and inflammatory changes associated with this
condition [54]. In addition, Stöhr et al. (2021) [55] showed that patients with type 2 diabetes
may experience rapid progression of periodontal disease and that periodontal treatments
may contribute to better glycemic control. In this context, our study suggests that poor
periodontal status in patients with diabetes may be an indicator of inadequate glycemic
control, and integrated management of these conditions is needed [55].

The results of our study are also supported by the research of Löe (2000) [56], who
showed that diabetes promotes gingival inflammation and increases the risk of periodonti-
tis, which can lead to periodontal pockets. In addition, our study underscores the impor-
tance of regular monitoring of periodontal health in patients with diabetes. Deteriorating
periodontal health may contribute to worsening diabetes complications [56].

A key aspect of our study was the use of conebeam computed tomography (CBCT) to
evaluate periodontal structures in more detail. CBCT is proving to be an extremely useful
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technique for the diagnosis and monitoring of periodontal disease, providing detailed
three-dimensional images of periodontal bone and tissues that cannot be obtained with
conventional two-dimensional radiography. This allows a more accurate assessment of
the depth of periodontal pockets and bone loss, which are essential in the diagnosis and
treatment of periodontal disease. In particular, in patients with diabetes mellitus, the use
of CBCT can help to monitor the evolution of bone loss and to assess the effectiveness of
therapeutic interventions such as periodontal treatments and glycemic management.

Previous studies have demonstrated that CBCT is an essential tool in assessing the
severity of periodontal disease in patients with diabetes, as it allows precise observations
of structural alterations that may not be visible with other imaging techniques. CBCT
can provide 3D images of periodontal pockets and bone loss, allowing for a more com-
plete assessment of periodontal status. In patients with diabetes, who are at higher risk
of developing severe periodontal complications, CBCT becomes a valuable method for
continuously monitoring disease progression and adjusting treatments according to the
patient’s progress.

Therefore, a much higher prevalence of periodontal pockets in patients with diabetes,
reflecting poorer overall periodontal health, is the main conclusion of our study. These
findings underscore the need for appropriate periodontal treatment and strict glycemic
control to prevent worsening of diabetes and periodontal complications. The use of modern
radiodiagnostic techniques in the evaluation of these patients is an important step towards
a more accurate and effective management of periodontal disease in diabetic patients [57].

The analysis of the data presented in Tables 6 and 7 compares the depth of periodontal
pockets between the diabetic and non-diabetic groups at the level of the maxilla and
mandible, as well as at their different locations. These data are essential for assessing
periodontal health and the severity of periodontal disease in the two groups. According
to a study conducted by researchers, the depth of periodontal pockets is an important
indicator of the progression of periodontal disease and can help in the correct diagnosis
of periodontal disease, especially in patients with systemic diseases. In the analysis of the
presented data, the diabetic group presented a significantly greater depth of periodontal
pockets compared to the non-diabetic group, reflecting a significantly higher prevalence of
periodontal disease. Specifically, in the diabetic group, the depth of periodontal pockets is
much greater at the level of the maxilla, mandible, incisors, and molars. These statistically
significant differences suggest a significantly more severe periodontal disease in the diabetic
group, and the data indicate a significantly worse periodontal health status than in the
non-diabetic group, which has significantly lower values of periodontal pocket depth. This
is similar to previous research that emphasizes the close relationship between periodontal
disease and systemic conditions such as diabetes, and demonstrates the importance of
monitoring periodontal pocket depth as a predictor of long-term periodontal health.

CBCT (Cone Beam Computed Tomography) plays a crucial role in the management of
patients with diabetes mellitus and periodontal disease, making a significant contribution to
the diagnosis, monitoring, and treatment of this complex condition. By providing detailed
three-dimensional images, CBCT allows a much more accurate assessment of periodontal
status and bone structure than conventional radiographs. These images help the dentist
to detect bone loss at an earlier stage, allowing for more prompt and effective treatment.
Early detection of bone loss can prevent the progression of periodontal disease, thereby
reducing the risks associated with tooth loss [58].

In addition, CBCT allows accurate monitoring of the progression of periodontal disease
in patients with diabetes, who are prone to rapid development of periodontal disease.
Comparing images from different points in the treatment can show exactly how the disease
is progressing, and the doctor can adjust interventions based on the results. CBCT is also
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essential for personalizing treatment. For example, the degree of bone resorption visible on
CBCT imaging can be used to determine whether conservative treatments are sufficient or
whether surgical or other procedures are needed to regenerate bone.

Monitoring the effectiveness of periodontal treatments is another advantage of using
CBCT. After periodontal interventions, CBCT can be used to assess whether the treatments
have been successful by comparing the bone status before and after treatment. These-
dataareessential for adjusting treatment plans and ensuring that the patient receives the
best possible care. Moreover, because diabetes can complicate tissue healing, CBCT helps
prevent further complications and manage postoperative risks.

The detailed images generated by CBCT can also be used for patient education. By
visually explaining how periodontal disease affects the supporting structures of the teeth,
the patient better understands the importance of treatment and the need for proper glycemic
control. These images can significantly contribute to the patient’s motivation to adhere to
the proposed treatments and improve long-term oral health [58,59].

Several studies in the literature have shown that type 2 diabetes mellitus is a major
risk factor for the development of periodontal disease, which can lead to significant bone
loss in the maxilla and mandible. They have also identified that insulin resistance correlates
with the severity of bone loss in patients with diabetes, and periodontal treatments can
help to stop this process. Other studies have also investigated the effect of full-thickness
diabetes on periodontal regions and concluded that patients with diabetes mellitus present
a significant loss of bone density in the molar area, especially in cases of long-standing
and poorly controlled diabetes. This loss of bone density may explain the decrease in
bone thickness observed in the diabetic group in our study. Another important study
has demonstrated that patients with diabetes, especially those with poor glycemic control,
present an accelerated bone loss and a higher incidence of periodontal disease. This research
confirms and supports our results, indicating a significant decrease in bone thickness in the
maxillary and mandibular regions in patients with diabetes. This visible difference between
the two groups was highlighted in Figures 2–4 and represents a significant reduction in
bone thickness in diabetic patients, which may reflect a higher degree of bone resorption
associated with periodontal disease and metabolic disorders related to diabetes [59].

The aforementioned studies and our research are consistent and suggest that the sig-
nificant bone loss observed in the diabetic group of our study is the result of the interaction
between chronic inflammation caused by periodontal disease and systemic factors such as
diabetes mellitus. These findings highlight the importance of adequate glycemic control
and periodontal interventions to prevent the progression of bone loss in such cases.

In the context of our study, CBCT was essential in analyzing bone thickness in the
maxilla and mandible, thus helping to detect and quantify bone loss in more detail. A study
by Zhao showed that the use of CBCT in the assessment of periodontal disease allows for
more accurate detection of vertical and horizontal bone loss, which helps in the effective
monitoring of patients with diabetes and periodontitis. Research also suggests that CBCT
can help in the early diagnosis of periodontal disease so that therapeutic interventions can
be implemented before bone loss becomes significant. In addition, CBCT can be useful in
assessing the effectiveness of periodontal treatment. Studies suggest that the use of CBCT
to monitor post-treatment bone changes helps in assessing the success of interventions and
adjusting the treatment plan based on progress.

With technological advances, significant improvements in CBCT imaging are an-
ticipated, including a significant reduction in radiation dose, the development of faster
detection panels that will shorten image acquisition time, and the optimization of recon-
struction algorithms to minimize artifacts. New generations of CBCT devices are already
capable of providing higher-resolution images while maintaining a minimal dose of radia-
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tion exposure, which is especially essential for patients who require frequent monitoring,
such as those with systemic conditions, including diabetes. For diabetic patients, who are
at increased risk of bone resorption and periodontal infections, CBCT plays a crucial role
in diagnosis. Advanced imaging allows the identification of areas of low bone density so
that treatment can be adjusted to increase the success rate. In addition, the use of emerging
technologies, such as artificial intelligence integrated into CBCT analysis software, can
contribute to faster and more accurate interpretation of data, facilitating personalized
clinical decisions for each patient [59,60].

However, although CBCT has established itself as a valuable tool in the diagnosis and
monitoring of periodontal disease, especially in patients with diabetes, its use in routine
dental practice presents multiple limitations that deserve critical discussion. First, the
high costs associated with the acquisition and operation of the equipment may restrict the
accessibility of this technology, especially in the context of clinics with limited financial
resources, thus raising important questions regarding the economic profitability of its
integration into the usual treatment protocols. Second, although CBCT provides high-
resolution three-dimensional images, they may be affected by artifacts generated by metallic
dental restorations or patient movement, aspects that may compromise the accuracy of
structural assessments. Furthermore, bone density derived from CBCT does not benefit
from a standardization equivalent to that offered by conventional computed tomography,
which limits the quantitative interpretation of the results. Regarding safety, although the
radiation dose emitted is much lower compared to medical computed tomography, it
remains higher than that associated with conventional radiographs, requiring a rigorous
justification of the indication.

Last but not least, although the existing literature highlights the clinical benefits
of CBCT, there is a significant lack of clinical-economic studies that analyze the cost-
effectiveness of this method in current dental practice, an essential aspect for substantiating
broad recommendations for use.

Consequently, although CBCT constitutes an advanced technological resource with
considerable potential in the management of periodontal disease, its widespread adoption
must be accompanied by a careful assessment of the cost–benefit ratio, technical limitations,
and risks associated with radiological exposure. Especially for patients with diabetes
mellitus, in whom the risk and severity of periodontal complications are significantly
increased, the use of CBCT represents an indispensable tool, offering superior accuracy in
diagnosis and monitoring, which can contribute to improving the prognosis and quality of
life of these patients.

5. Conclusions
Our study supports that careful monitoring of periodontal health, including assess-

ment of bone loss by CBCT and measurement of periodontal pocket depth, is essential
for the effective management of patients with diabetes. We recommend the use of CBCT
not only for diagnosis and treatment planning, but also for periodic monitoring of the
disease, to adjust and enable early detection of periodontal changes, disease prevention,
and complications. The integration of radiodiagnostic technologies, such as CBCT, into
clinical practice is indispensable for creating modern therapeutic outcomes and quality of
life for patients with diabetes and periodontal disease.
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