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Abstract: 8 

 Objective: Endocrine disorders, including diabetes mellitus and thyroid dysfunctions, can 9 

significantly impact bone metabolism and structure. This study aimed to assess mandibular 10 

trabecular architecture in patients with type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus 11 

(T2DM), hyperthyroidism, and hypothyroidism using fractal dimension (FD) and histogram 12 

analysis (HA), comparing the findings with a healthy control group. Methods: This retrospective 13 

study analyzed panoramic radiographs from 200 individuals, comprising 40 patients in each of the 14 

four endocrine disorder groups and 40 healthy controls. Fractal analysis and pixel intensity 15 

histogram analysis were conducted using ImageJ™ software. Two standardized regions of interest 16 

(ROIs) were selected for FD and HA measurements, and statistical comparisons were performed 17 

using one-way ANOVA and chi-square analysis. Results: No statistically significant differences 18 

were observed in FD values between the study groups for both the right and left mandibular sides 19 

(p>0.05). Similarly, HA values did not show significant variations across the groups (p>0.05). 20 

Gender distribution and mean age comparisons among the groups did not reveal significant 21 

differences (p>0.05). Conclusion: Despite the known systemic effects of endocrine disorders on 22 

bone metabolism, this study found no significant alterations in mandibular trabecular architecture 23 

in affected patients compared to healthy controls. These findings suggest that while systemic bone 24 

changes occur in endocrine disorders, their impact on the mandibular trabecular structure may be 25 

limited or require more advanced imaging techniques for detection. Future studies with larger 26 

sample sizes, longer disease durations, and comprehensive biochemical analyses are recommended 27 

to further explore the relationship between endocrine diseases and jawbone architecture.  28 

Keywords: Fractal dimension analysis; mandibular bone microarchitecture; endocrine disorders; 29 

panoramic radiography 30 

  31 

 32 

1. Introduction 33 

Endocrine system diseases arise from hormonal imbalances and can impact multiple 34 

organ systems [1]. Among these, diabetes, hyperthyroidism, and hypothyroidism are key 35 

examples. Hormones play a crucial role in regulating various tissues and organs, in-36 

cluding the cardiovascular, respiratory, gastrointestinal, neurological, and musculoskel-37 
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etal systems, with a significant influence on bone health [1-2]. As a primary target of 38 

hormonal activity, bone undergoes remodeling processes that are directly affected by 39 

hormonal fluctuations [2]. 40 

Osteoporosis is a condition marked by reduced bone mass and microarchitectural 41 

deterioration, increasing susceptibility to fractures [3]. Endocrine disorders are a major 42 

cause of secondary osteoporosis [4]. Diabetes, in particular, negatively affects bone me-43 

tabolism, raising fracture risk [5]. Type 1 diabetes mellitus (T1DM) results from insulin 44 

deficiency, while type 2 diabetes mellitus (T2DM) is characterized by insulin resistance 45 

[6]. Both conditions impair bone health by disrupting bone formation, resorption, colla-46 

gen synthesis, inflammatory processes, and calcium metabolism [5]. Despite differing 47 

effects on bone mineral density (BMD), both T1DM and T2DM are associated with an 48 

increased risk of fractures [7-9]. 49 

Thyroid hormones are essential for skeletal development and bone homeostasis [10]. 50 

Hyperthyroidism, characterized by excessive thyroid hormone production, is commonly 51 

linked to decreased BMD and a higher risk of fractures [11-12]. Hypothyroidism can be 52 

either subclinical—where TSH levels are elevated but free T4 remains normal—or overt, 53 

with both high TSH and low free T4 levels [13]. In both cases, thyroid dysfunction can 54 

negatively impact bone health [14]. 55 

BMD, measured using dual-energy X-ray absorptiometry (DXA), is the gold stand-56 

ard for diagnosing osteoporosis [15]. However, BMD alone is insufficient to fully assess 57 

fracture risk, as bone fragility is influenced by factors such as bone turnover, trabecular 58 

microarchitecture, mineralization, and collagen quality [16-17]. Fractal analysis (FA) is a 59 

valuable technique for evaluating bone microarchitecture [18]. Since trabecular bone ex-60 

hibits fractal properties, FA is widely used to analyze its structural complexity [19-20]. 61 

This method quantifies bone structure using fractal dimension (FD) values, where higher 62 

values indicate greater structural complexity [21]. The box-counting algorithm, a com-63 

monly applied FA technique, assesses the fractal dimension of the trabecular bone and 64 

bone marrow interface [22]. Studies have demonstrated the effectiveness of FA in de-65 

tecting structural bone changes [23-24]. Pixel intensity (PI) analysis is another imaging 66 

technique used to evaluate bone tissue in digital images [25]. By measuring grayscale 67 

variations, PI analysis provides insight into bone density, often utilizing histogram 68 

analysis for interpretation [25-26]. 69 

Although extensive research has explored the impact of endocrine diseases on 70 

overall bone health, studies focusing on the maxillofacial region remain limited. In par-71 

ticular, the effects of thyroid disorders on jawbone structure are not well understood. 72 

This study aims to assess the impact of T1DM, T2DM, hypothyroidism, and hyperthy-73 

roidism on mandibular trabecular architecture using fractal dimension and histogram 74 

analysis, comparing findings with those from healthy individuals.The introduction 75 

should briefly place the study in a broad context and highlight why it is important. It 76 

should define the purpose of the work and its significance. The current state of the re-77 

search field should be carefully reviewed and key publications cited. Please highlight 78 

controversial and diverging hypotheses when necessary. Finally, briefly mention the 79 

main aim of the work and highlight the principal conclusions. As far as possible, please 80 

keep the introduction comprehensible to scientists outside your particular field of re-81 

search. References should be numbered in order of appearance and indicated by a nu-82 

meral or numerals in square brackets—e.g., [1] or [2,3], or [4–6]. See the end of the doc-83 

ument for further details on references. 84 

  85 
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2. Materials and Methods 86 

Ethics Approval 87 

This retrospective study was conducted using panoramic radiographs from the da-88 

tabase of the Department of Oral, Dental, and Maxillofacial Radiology, Faculty of Den-89 

tistry, Ankara Yıldırım Beyazıt University, collected between 2022 and 2023. The study 90 

adhered to the ethical principles outlined in the Declaration of Helsinki. Ethical approval 91 

was granted by the Health Sciences Ethics Committee of Ankara Yıldırım Beyazıt Uni-92 

versity (Decision No: 339/07). 93 

Patient Selection 94 

Panoramic radiographs included in the study met the following criteria: Clear visu-95 

alization of the anterior, premolar, molar, mandibular canal, and mental foramen regions. 96 

Absence of image artifacts, ghost images, or patient positioning errors. Radiographs with 97 

insufficient image quality were excluded. Patient medical history and demographic data, 98 

including age and gender, were obtained from anamnesis records and the hospital au-99 

tomation system. 100 

The required sample size for this retrospective study was determined using the 101 

G*Power (ver. 3.1.9.7) statistical software. The study included five groups: four disease 102 

subgroups (hyperthyroidism, hypothyroidism, type 1 diabetes mellitus, and type 2 dia-103 

betes mellitus) and one control group. Using a one-way ANOVA design, the parameters 104 

were set as follows: Statistical power: 0.80, Effect size: 0.25 (based on the F-test effect size 105 

range), Type I error (α): 0.05. Based on these calculations, a total of 200 panoramic radi-106 

ographs were analyzed, with at least 40 samples per group. 107 

Panoramic Radiography Protocol 108 

All panoramic radiographs were acquired using a digital dental panoramic device 109 

(Planmeca, Helsinki, Finland) under standardized conditions: Exposure time: 13.8–15.8 110 

seconds, voltage: 64–68 kVp, current: 6.3–10 mA. To ensure consistency, patients were 111 

positioned according to the manufacturer’s guidelines, maintaining the Frankfort plane 112 

parallel to the ground with light beam markers aligned appropriately. 113 

Fractal Dimension and Pixel Intensity Analysis 114 

Before analysis, panoramic radiographs were saved in high-resolution Tagged Im-115 

age File Format (TIFF) and processed using ImageJ™ software (National Institutes of 116 

Health, Bethesda, Maryland) [27]. Fractal dimension and histogram analyses were per-117 

formed using this software. 118 

For each panoramic radiograph, two manually selected square-shaped regions of 119 

interest (ROIs) were placed anterior to the right and left mental foramen, avoiding the 120 

mandibular cortical borders, lamina dura, periodontal ligament, and root apices. 121 

Fractal dimension (FD) was calculated using the box-counting method proposed by 122 

White and Rudolph [28]. The procedure included: Selection of 64 × 64-pixel ROIs., ap-123 

plication of gaussian blur (sigma = 35) to minimize brightness variations due to overlying 124 

soft tissues and bone thickness differences. subtraction of the blurred image from the 125 

original image. enhancement of trabecular bone structures by adding 128 gray values to 126 

each pixel. application of binary, erode, dilate, invert, and skeletonization operations to 127 

segment trabecular and bone marrow spaces. calculation of the fractal dimension (FD) 128 

(Figures 1–3). 129 

Mean pixel intensity (PI) values for each ROI were obtained using the histogram tool 130 

in ImageJ™ software (Figure 4). This analysis provided quantitative information on bone 131 

density based on grayscale variations. 132 

Statistical Analysis 133 

Data analysis was performed using IBM SPSS Statistics for Windows, version 22.0 134 

(IBM Corp., Armonk, NY, USA). One-way ANOVA was used to compare normally dis-135 

tributed data across three or more groups. Chi-square analysis was applied to assess re-136 
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lationships between categorical variables. Pearson correlation analysis was conducted to 137 

evaluate associations between continuous variables. A p-value < 0.05 was considered 138 

statistically significant. 139 

3. Results 140 

This retrospective study included panoramic radiographs of 200 individuals, in-141 

cluding 40 patients with type 1 diabetes mellitus, 40 patients with type 2 diabetes melli-142 

tus, 40 patients with hyperthyroidism, 40 patients with hypothyroidism, and 40 indi-143 

viduals from the control group. 144 

3.1. Comparisons of age and gender variables between the subgroups 145 

Table 1 shows the age and gender comparisons of the patient groups and the control 146 

group. No statistically significant difference was found between the disease groups (hy-147 

perthyroidism: 50.83±8.1, hypothyroidism: 50.78±8.6, type 1 diabetes: 50.85±13.5, type 2 148 

diabetes: 50.78±9.0) and the control group (50.73±9.9) in terms of mean age (p>0.05). The 149 

number of female individuals in the disease groups and the control group (hyperthy-150 

roidism n=31, hypothyroidism n=34, type 1 diabetes n=27, type 2 diabetes n=31, control 151 

group n=31) was higher than the number of male individuals (hyperthyroidism n=9, 152 

hypothyroidism n=6, type 1 diabetes n=13, type 2 diabetes n=9, control group n=9). No 153 

statistically significant difference was found between the groups in terms of gender dis-154 

tribution (p>0.05). 155 

3.2. Correlations of Fractal Dimension (FD) and Histogram Analysis (HA) values 156 

between the study groups 157 

The comparison of Fractal Dimension (FD) and Histogram Analysis (HA) values 158 

between the study groups is presented in Table 2. 159 

In the fractal dimension (FD right) analyses performed on the right side of the 160 

mandible, no statistically significant difference was observed between the groups (hy-161 

perthyroidism: 1.55±0.06, hypothyroidism: 1.55±0.06, type 1 diabetes: 1.52±0.09, type 2 162 

diabetes: 1.54±0.05, control group: 1.54±0.06) (p>0.05). 163 

In the fractal dimension (FD left) analyses performed on the left side of the mandi-164 

ble, no statistically significant difference was found between the groups (hyperthyroid-165 

ism: 1.53±0.06, hypothyroidism: 1.54±0.06, type 1 diabetes: 1.54±0.07, type 2 diabetes: 166 

1.55±0.06, control group: 1.55±0.07) (p>0.05). In the histogram analyses performed on the 167 

right side of the mandible, no statistically significant difference was observed between 168 

the groups (hyperthyroidism: 116.1±21.5, hypothyroidism: 107.2±19.8, type 1 diabetes: 169 

113.1±24.3, type 2 diabetes: 107.9±21.4, control group: 111.7±18.5) (p>0.05). 170 

Similarly, in histogram analyses performed on the left side of the mandible, no sta-171 

tistically significant difference was found between the groups (hyperthyroidism: 172 

110.2±18.8, hypothyroidism: 109.2±23.5, type 1 diabetes: 104.8±19.0, type 2 diabetes: 173 

107.3±19.0, control group: 108.0±18.3) (p>0.05). 174 

 175 
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Figure 1. Selection of region of interest (ROI) for fractal dimension  176 

 177 

     

(a) (b) (c) (d) (e) 

     
(f) (g) (h) (i) (j) 

 178 

Figure 2. Steps of fractal dimension analysis. 179 

 180 

(a), The selected ROI from panoramic radiographs was cropped and (b), duplicated. (c), Gaussian blur filter was 181 

applied on duplicated image. (d), The blurred image was subtracted from the original image. (e), Addition of a gray 182 

value of 128 to each pixel location. (f), Binarization (g), Erosion (h), Dilation (i), Inversion (j), The skeletonized image 183 

was used for fractal dimension analysis.  184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 
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 194 

Figure 3: Calculation of fractal dimension Figure 4: Histogram of selected ROI 

  

  

  

3. Results 195 

This retrospective study included panoramic radiographs of 200 individuals, in-196 

cluding 40 patients with type 1 diabetes mellitus, 40 patients with type 2 diabetes melli-197 

tus, 40 patients with hyperthyroidism, 40 patients with hypothyroidism, and 40 indi-198 

viduals from the control group. 199 

3.1. Comparisons of age and gender variables between the subgroups 200 

Table 1 shows the age and gender comparisons of the patient groups and the control 201 

group. No statistically significant difference was found between the disease groups (hy-202 

perthyroidism: 50.83±8.1, hypothyroidism: 50.78±8.6, type 1 diabetes: 50.85±13.5, type 2 203 

diabetes: 50.78±9.0) and the control group (50.73±9.9) in terms of mean age (p>0.05). The 204 

number of female individuals in the disease groups and the control group (hyperthy-205 

roidism n=31, hypothyroidism n=34, type 1 diabetes n=27, type 2 diabetes n=31, control 206 

group n=31) was higher than the number of male individuals (hyperthyroidism n=9, 207 

hypothyroidism n=6, type 1 diabetes n=13, type 2 diabetes n=9, control group n=9). No 208 

statistically significant difference was found between the groups in terms of gender dis-209 

tribution (p>0.05). 210 

3.2. Correlations of Fractal Dimension (FD) and Histogram Analysis (HA) values 211 

between the study groups 212 

The comparison of Fractal Dimension (FD) and Histogram Analysis (HA) values 213 

between the study groups is presented in Table 2. 214 

In the fractal dimension (FD right) analyses performed on the right side of the 215 

mandible, no statistically significant difference was observed between the groups (hy-216 

perthyroidism: 1.55±0.06, hypothyroidism: 1.55±0.06, type 1 diabetes: 1.52±0.09, type 2 217 

diabetes: 1.54±0.05, control group: 1.54±0.06) (p>0.05). 218 

In the fractal dimension (FD left) analyses performed on the left side of the mandi-219 

ble, no statistically significant difference was found between the groups (hyperthyroid-220 

ism: 1.53±0.06, hypothyroidism: 1.54±0.06, type 1 diabetes: 1.54±0.07, type 2 diabetes: 221 

1.55±0.06, control group: 1.55±0.07) (p>0.05). In the histogram analyses performed on the 222 

right side of the mandible, no statistically significant difference was observed between 223 

the groups (hyperthyroidism: 116.1±21.5, hypothyroidism: 107.2±19.8, type 1 diabetes: 224 

113.1±24.3, type 2 diabetes: 107.9±21.4, control group: 111.7±18.5) (p>0.05). 225 

Similarly, in histogram analyses performed on the left side of the mandible, no sta-226 

tistically significant difference was found between the groups (hyperthyroidism: 227 

110.2±18.8, hypothyroidism: 109.2±23.5, type 1 diabetes: 104.8±19.0, type 2 diabetes: 228 

107.3±19.0, control group: 108.0±18.3) (p>0.05). 229 
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 230 

Table 1. Distribution of gender and age among study groups 231 

 232 

 233 

Table 2. comparison of fractal dimension and histogram analysis values between study groups  234 

 235 

  ANOVA 

n Mean Median Minimum Maximum SD F p 

FD Right Hyperthyroidism 40 1.5467 1.5543 1.4001 1.6431 .0566 1.45 0.219 

Hypothyroidism 40 1.5542 1.5555 1.3958 1.6719 .0596 

Type 1 Diabetes 

Mellitus 

40 1.5212 1.5234 1.2835 1.6732 .0872 

Type 2 Diabetes 

Mellitus 

40 1.5433 1.5470 1.3560 1.6617 .0524 

Control Group 40 1.5406 1.5427 1.3825 1.6724 .0612 

Total 200 1.5412 1.5471 1.2835 1.6732 .0649 

FD Left Hyperthyroidism 40 1.5320 1.5320 1.4102 1.6344 .0588 0.58 0.680 

Hypothyroidism 40 1.5386 1.5390 1.3893 1.6287 .0596 

Type 1 Diabetes 

Mellitus 

40 1.5445 1.5696 1.3291 1.6391 .0721 

Type 2 Diabetes 

Mellitus 

40 1.5466 1.5503 1.4120 1.6642 .0567 

Control Group 40 1.5520 1.5680 1.3016 1.6486 .0717 

Total 200 1.5428 1.5515 1.3016 1.6642 .0639 

HA Right Hyperthyroidism 40 116.103 116.077 56.744 154.831 21.520 1.22 0.302 

 Study Groups Chi-square test 

Hyperthyroidism Hypothyroidism T1DM T 2DM Controls Total 

n % n % n % n % n % n % X2 p 

Gender Male 9 22.5 6 15.0 13 32.5 9 22.5 9 22.5 46 23 3.5 0.478 

Female 31 77.5 34 85.0 27 67.5 31 77.5 31 77.5 154 77 

Total 40 100 40 100 40 100 40 100 40 100 200 100 

Age        ANOVA 

       F p 

Mean 50.83 50.78 50.85 50.78 50.73 50.79 0.001 1 

Median 52 49 52.5 51.5 49.5 51 

Minimum 37.0 32.0 21.0 35.0 35.0 21 

Maximum 66.0 72.0 75.0 74.0 74.0 75 

Standard 

Deviation 

8.1 8.6 13.5 9.0 9.9 9.9 

n, noun 
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Hypothyroidism 40 107.222 106.209 70.752 148.564 19.790 

Type 1 Diabetes 

Mellitus 

40 113.142 112.879 65.934 158.440 24.282 

Type 2 Diabetes 

Mellitus 

40 107.877 110.096 54.440 156.143 21.399 

Control Group 40 111.702 109.510 64.414 150.381 18.459 

Total 200 111.209 110.998 54.440 158.440 21.228 

HA Left Hyperthyroidism 40 110.289 108.479 80.444 165.643 18.793 0.44 0.776 

Hypothyroidism 40 109.231 108.878 64.359 159.208 23.545 

Type 1 Diabetes 

Mellitus 

40 104.804 105.715 52.605 142.247 18.996 

Type 2 Diabetes 

Mellitus 

40 107.272 105.732 71.001 161.941 18.995 

Control Group 40 108.004 103.626 82.968 155.508 18.302 

Total 200 107.920 106.081 52.605 165.643 19.709 

n, noun 236 

4. Discussion 237 

This study is among the few that have investigated mandibular bone structure in 238 

patients with hyperthyroidism, hypothyroidism, type 1 diabetes mellitus (T1DM), and 239 

type 2 diabetes mellitus (T2DM) using fractal dimension (FD) and histogram analysis 240 

(HA). Our findings indicate no statistically significant differences in FD and HA values 241 

between these patient groups and the control group. Given that endocrine disorders, 242 

such as thyroid diseases and diabetes, can influence bone metabolism and structure [2], 243 

assessing these changes is crucial for understanding their impact on bone health. 244 

Radiologic imaging techniques play a key role in evaluating disease-related changes 245 

in bone structure. Panoramic radiographs are widely used due to their broad anatomical 246 

coverage and low radiation exposure. Non-invasive techniques like fractal analysis allow 247 

for the quantification of trabecular bone structure and have been employed to evaluate 248 

bone alterations in systemic conditions such as diabetes [31], thalassemia [32], familial 249 

Mediterranean fever [33], sickle cell disease [34], osteogenesis imperfecta [35], chronic 250 

renal failure [36], hyperparathyroidism [37], and celiac disease [38]. Fractal dimension 251 

values provide numerical assessments of trabecular complexity, with higher values in-252 

dicating a more intricate structure [21,22]. Consequently, fractal analysis was deemed a 253 

suitable method for examining changes in jawbone architecture in our study. 254 

Yavuz et al. [39] compared periapical, panoramic, and CBCT imaging techniques in 255 

assessing trabecular bone structure using fractal analysis. Their study concluded that 256 

periapical and panoramic radiographs yielded comparable and reliable results, while 257 

CBCT images showed inconsistencies with other methods. Accordingly, our study relied 258 

on panoramic radiographs for bone structure assessment. 259 

Digital images are composed of pixels, each containing brightness and color data 260 

[26]. Pixel intensity (PI) represents the grayscale value of a pixel, reflecting its degree of 261 

brightness or darkness [25]. Histogram analysis (HA) allows for the numerical evaluation 262 

of pixel brightness variations within an image [26]. Güngör et al. [26] examined osteo-263 

porotic changes in jawbones using CBCT imaging and compared radiomorphometric 264 

indices, CT values, HA, and FD measurements across osteoporosis, osteopenia, and 265 

healthy control groups. Their findings demonstrated that osteoporotic patients exhibited 266 
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significantly lower mandibular indices, CT values, and HA measurements than osteo-267 

penic and control subjects. Additionally, a positive correlation was found between spinal 268 

bone mineral density (BMD) and mandibular CT and HA measurements. These results 269 

highlight the effectiveness of FD and HA in assessing bone structural changes. 270 

Both Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM) are 271 

linked to impaired bone health. Chronic hyperglycemia disrupts osteoblast function and 272 

promotes the formation of advanced glycation end-products (AGEs), which weaken bone 273 

strength. Prolonged disease duration and poor glycemic control further increase fracture 274 

risk. Moreover, lower levels of glucose-dependent insulinotropic peptide (GIP) and glu-275 

cagon-like peptide-1 (GLP-1) inhibit bone formation, while inflammatory states acceler-276 

ate bone resorption. Given these metabolic effects, it is crucial to perform quantitative 277 

assessments of bone structure in diabetic patients. However, in our study, no significant 278 

differences in FD or HA values were observed between diabetic patients and control 279 

groups. This lack of significant findings may be attributed to several factors, including 280 

sample size, disease duration, glycemic control, fasting blood glucose levels, and HbA1c 281 

values. 282 

Kurşun-Çakmak et al. [31] examined mandibular cortical width, panoramic man-283 

dibular index (PMI), mandibular cortical index, and FD in panoramic radiographs of 284 

T1DM and T2DM patients, reporting no significant differences in FD values between the 285 

diabetic and control groups, which is consistent with our findings. Similarly, Dedeoğlu et 286 

al. [40] performed FD analysis on panoramic radiographs taken five years apart in T2DM 287 

patients and controls, finding no significant differences between the groups, although a 288 

time-dependent decline in FD values was noted. Ay et al. [41] used DXA-calibrated 289 

copper stepwedge phantoms on panoramic radiographs to measure bone mineral density 290 

(BMD) in T2DM patients and found no significant differences between diabetic and con-291 

trol groups. Jolly et al. [42] compared trabecular and cortical bone densities in the max-292 

illary and mandibular regions using spiral CT, finding no significant differences between 293 

controlled diabetic and non-diabetic individuals with HbA1c levels ranging from 6.1% to 294 

8%. Kayıpmaz et al. [43] analyzed cone beam computed tomography (CBCT) images in 295 

T2DM patients, reporting no significant differences in FD values, but observed thinner 296 

mandibular cortical bone in diabetic individuals. In a meta-analysis, Pan et al. [44] ex-297 

amined the relationship between T1DM and BMD, demonstrating a significant reduction 298 

in total body BMD in T1DM patients and suggesting that age and gender may influence 299 

the impact of T1DM on BMD. Although our study did not evaluate age subgroups, the 300 

similar mean age between the study groups likely minimized the confounding effects 301 

related to age. 302 

 303 

Rodic et al. [45] conducted a post-mortem study comparing jawbone quality in 304 

T2DM patients and healthy individuals using micro-CT, qBEI, Raman spectroscopy, and 305 

bone histomorphometry. They found increased trabecular thickness, reduced cortical 306 

porosity, and higher mineralization in T2DM patients, particularly in those using insulin. 307 

These findings highlight the complexity of diabetes-related bone changes. However, our 308 

study focused exclusively on trabecular bone using FD and HA, which may not fully 309 

capture the complete spectrum of bone alterations associated with diabetes. 310 

In hypothyroidism, both osteoid formation and bone mineralization are impaired, 311 

leading to a decrease in bone turnover. This condition is characterized by reduced osteo-312 

clastic resorption and an accumulation of bone, despite a reduction in osteoblastic activ-313 

ity [46,47]. In contrast, hyperthyroidism accelerates bone turnover, increasing both re-314 

sorption and formation rates, which in turn heightens the risk of osteoporosis and frac-315 

tures [48]. 316 

 317 
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Öztürk et al. [49] assessed FD in hyperthyroid and hypothyroid patients using 318 

panoramic radiographs. They found significant differences between the patient and 319 

control groups in Region of Interest 1 (ROI1) (located at the midpoint of the mandibular 320 

notch and foramen) and ROI2 (the mandibular angle center), whereas no significant dif-321 

ferences were observed in ROI3 (anterior to the mental foramen), ROI4 (the basal cortical 322 

area), or ROI5 (mandibular ramus center). These findings suggest that thyroid disorders 323 

influence mandibular bone structure in a region-specific manner. 324 

However, this study has several limitations. It did not account for variations in dis-325 

ease duration, severity, or glycemic control (e.g., HbA1c levels) in diabetic patients, 326 

which could influence bone metabolism and FD/HA values. Additionally, the potential 327 

effects of medications, including insulin, thyroid hormone replacement, and anti-diabetic 328 

drugs, on bone structure were not evaluated, which may have impacted the results. 329 

 330 

That said, the absence of these variables does not necessarily diminish the relevance 331 

of our findings. The focus of this study was to assess the overall bone metabolism and 332 

structure in diabetic patients, providing valuable insights into the general impact of di-333 

abetes on bone health. While the unaccounted variables could influence the outcomes, 334 

they represent areas for future research to further refine and clarify the relationship be-335 

tween diabetes, thyroid disorders, and bone structure. Furthermore, the study's design 336 

aimed to minimize confounding factors by using a homogenous sample group, which 337 

likely reduced the potential impact of unmeasured variables on the overall findings. 338 

Future studies incorporating these additional variables will be essential for understand-339 

ing the full spectrum of metabolic effects on bone health. 340 

5. Conclusions 341 

This study found no significant differences in FD and HA values between patients 342 

with T1DM, T2DM, hyperthyroidism, hypothyroidism, and healthy controls. Given the 343 

intricate interactions between systemic diseases and bone metabolism, future research 344 

should involve larger sample sizes and more comprehensive evaluations of disease du-345 

ration, medication use, and biochemical markers of bone metabolism. 346 
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